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The  20,000-kv-a.  hydroelectric  generating  set  in  the  foreground  of  the  above  illustration  iWhite  River  Development, 
Puget  Sound  Traction,  Light  and  Power  Company,  Seattle,  Wash.),  and  the  32,500-kv-a.  generator  on  page  11.  consti- 
tute two  of  the  landmarks  of  the  year  1918.  The  former  was  the  largest  capacity  waterwheel-driven  generator  at  the 
time  of  its  installation,  and  the  latter  the  largest  under  construction. 
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While  the  general' trend  in  electric  generator  design  is  toward  increased  capacity  with  decreased  size  and  weight,  there 
occasionally  are  certain  conditions,  such  as  low  speed,  which  require  a  departure  from  this  practice.  The  capability 
of  the  industry  along  the  latter  lint  is  typified  by  this  impressive  illustration  of  a  31-ft.  (outside  diameterl,  72-ton 
(as  shown)  armature  spider  of  one  of  the  fifteen  S2-pole,  9000-kv-a.,  57.7-r.p.m.,  25-cycle,  11,000-volt  waterwheel- 
driven  generators  now  in  operation  at  the  Keokuk  Station  of  the  Mississippi  River  Power  Company. 


Reconstruction  Congress  of  the  War  Service 
Committees  of  American  Industry 


What  greater  assurance  of  a  business-like 
transition  from  war  activities  to  peace 
activities  could  we  have  than  that,  through 
our  recent  training  in  war,  all  our  citizens 
individually  and  collectively  have  acquired 
the  ability  to  distinguish  clearly  between 
the  essential  and  the  non-essential,  to  decide 
quickly  upon  a  singleness  of  purpose,  and  to 
proceed  with  remarkable  speed  and  team 
work!  Ample  proof  of  the  efficacy  of  these 
faculties  when  directed  toward  the  adjustment 
of  the  nation's  activities  to  peace-time 
conditions  was  furnished,  within  four  weeks 
after  Germany  signed  the  Allied  terms  of 
armistice,  by  the  convening  of  over  4000 
representatives  of  American  industry  at  a 
Reconstruction  Congress  held  under  the 
auspices  of  the  Chamber  of  Commerce  of  the 
United  States  and  there  in  four  days  shaping 
and  laying  the  foundation  stones  of  our  com- 
ing business  era. 

The  program  of  the  Congress  introduced 
pertinent  questions  and  called  for  their 
discussion  by  the  380  War  Ser\"ice  Committees 
representing  American  Industry,  the  con- 
sideration of  these  recommendations  by  35 
related  groups,  the  summarizing  of  the  con- 
clusions by  ten  major  groups,  and  the  framing 
of  a  set  of  resolutions  by  a  Clearance  Com- 
mittee* to  represent,  in  so  far  as  possible,  the 
prevailing  opinion  of  all  the  minor  meetings. 
The  stupendous  task  was  scheduled  to  be 
carried  out  December  3rd  to  6th  inclusive 
and    to    be    paralleled    by    general    session 

*  Personnel  of  the  Clearance  Committee  and  the  major  groups 
represented;  Judge  Joseph  H.  Defrees.  Chicago,  chairman; 
E.  W.  Rice.  Jr.,  New  York,  heat,  light  and  power;  Lewis  E. 
Pierson,  New  York,  food;  John  W.  O'Leary,  Chicago,  iron  and 
steel;  Eugene  Meyer,  Jr.,  Xew  York,  metals  aside  from  iron  and 
steel:  Charles  Cheney.  Manchester,  Conn.,  textiles;  John  H. 
Kirby.  Houston,  Texas,  wood;  Dr.  William  H.  Nichols,  New  York, 
chemicals;  August  H.  Vogel,  Milwaukee,  leather;  N.  E.  Carson. 
Riverton.  Va. .  earthern  products;  Charles  A.  Stone,  New  York, 
industrial  professions;  R.  G.  Rhett.  Charleston.  S.  C.  Charles 
Nagel,  St.  Louis,  C.  S.  Brantingnam,  Rockford,  111.,  members  at 
arge. 


meetings  of  the  Congress  at  the  Million 
Dollar  Pier,  Atlantic  City. 

The  general  sessions  were  addressed  by  the 
president  of  the  Chamber  of  Commerce  of 
the  United  States,  who  emphasized  the 
importance  of  the  part  that  business  men 
must  pla-Y  in  the  reconstruction  of  our  dis- 
ordered world,  and  by  speakers  who  are 
national  leaders  of  our  industrial  progress. 
These  men  made  it  remarkably  clear  that 
we  now  stand  on  the  threshold  of  a  new  era 
and  that,  as  the  late  President  McKinley 
predicted,  our  period  of  national  exclusiveness 
is  past. 

Paul  Warburg,  former  member  of  the 
Federal  Resers^e  Board,  expressed  the  belief 
that  the  time  is  near  when  "American 
dollar  acceptances  will  be  outstanding  to  the 
extent  of  more  than  one  billion  dollars  in 
credits  granted  all  over  the  globe."  The 
stimulus  that  will  be  given  American  trade 
b}'  this  expansion  to  four  times  the  present 
acceptances  of  New  York  or  twice  those  of 
London,  is  apparent.  However,  it  is  not  a 
matter  of  displacing  London  as  the  world's 
banker,  but  rather  of  entering  into  partner- 
ship in  trade  big  enough  to  divide,  even 
admitting  other  partners  to  share  the  place 
which  Germany  has  vacated  for  an  indefinite 
future. 

Also,  Mr.  John  H.  Fahey  warned  us 
against  entering  upon  our  foreign  trade 
expansion  with  an  aggressive  spirit. 

"If  we  pursue  a  grab-it-all  policy,  we  shall  turn 
good  will  into  iU  will  which  will  last  for  years. 
And  what  nation,  pray,  is  going  to  grab  trade  from 
us  if  w^e  do  not  grab  it  first?  Half  a  continent 
must  be  rebuilt.  Where  are  the  rebuilding  nations 
to  get  what  they  need  except  from  the  United 
States?  If  we  do  not  attempt  to  grab  ail,  we  shall 
continue  to  hold  the  nation's  friends  we  -have  and 
shall  have  prosperity  in  the  near  years  greater 
than  we  have  ever  known." 
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With  respect  to  the  proposition  to  place  a 
boycott  on  trading  with  our  late  enemies, 
Mr.  James  Farrell  said : 

"  In  the  presence  of  the  gigantic  needs  of  the  war- 
swept  territories  in  Europe  and  of  their  poverty- 
stricken  population,  any  appheation  of  the  old- 
time  methods  of  competition  must  sound  trivial. 
Co-operation  on  a  large  and  magnanimous  scale 
and  in  the  most  sympathetic  spirit  must  be  the 
rule  if  the  economic  recovery  is  to  be  quick  and 
thorough.  Moreover,  we  shall  greatly  lessen  the 
possibility  of  perpetuating  in  the  domain  of  com- 


she  has  wrought  in  Belgium,  Northern  France, 
Poland,  and  Serbia,  she  must  have  access  to  the 
raw  materials  of  manufacture,  in  the  conversion  of 
which  into  finished  products  she  may  earn  the 
money  needed  to  pay  her  debts. 

"As  a  matter  of  fact,  given  the  frank  acceptance 
by  Germany  of  the  terms  of  peace  which  will  be 
dictated  by  the  AUies,  there  can  be  no  reason  for 
separating  her  economic  wants  from  those  of  the 
rest  of  Europe.  These  will  be  sufficiently  im- 
perative to  use  up  all  the  surplus  foodstuffs  and 
raw  materials  that  can  be  spared  for  many  months 
to  come." 
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General  Session 


merce  the  hatred  and  bitterness  engendered  by 
the  war  if  we  refuse  to  be  drawn  into  any  conven- 
tion, agreement,  or  understanding  that  would 
make  us  parties  to  a  boycott  of  the  commerce  of 
any  of  the  nations  that  have  been  arraigned  against 
each  other." 


Continuing 
Farrell  stated : 


on  ■  the    same    subject     Mr. 


"  It  is  certain  that  if  Germany  is  to  be  compelled, 
as  she  ought  to  be,  to  repair  the  wanton  destruction 


It  is  interesting  to  note  that  we  are  well 
prepared  to  export  many  of  the  commodities 
we  formerly  imported.  Some  427  staple 
products  formerly  imported,  we  now  make; 
before  the  war  we  imported  $7,000,000 
worth  of  dve  stufTs  annually  and  we  are 
now  exporting  $10,000,000  a  year. 

To  make  a  big  export  trade  possible, 
ships    are    necessary.     Charles    M.    Schwab 


Ri:c().\s'i"ui  ciiox  coNCkiiss  (II'   iiii:  w.\i<  sickvh'I';  ("(jmmjtticks 


luaili-  an  canu-sl  plea  that  oiir  iiuTflianl 
inaiiiK'  activitii's  \w  (.'(inlimicd  iinal)at(.'(l,  and 
iustilk'alion  lor  lliis  riH-dmiiionilalioii  was 
xdiiftl  by  Secretary  of  Coiiiiiu'rfc   Rf(l(ic'l<l : 

"15vory  slii))  the  world  liiis  and  can  gel  has  all  of 
its  carrying  i"ai)acilii's  taken  for  tlu-  ni'xt  two  years 
to  fonie.  Many  of  our  sliijis  will  l)e  used  for  our 
Kiowiny  and  developing  trade  with  South  America, 
because  a  luunber  of  our  vessels  are  of  a  type  wliicli 
it  is  not  econoinical  to  send  abroad." 

Mr.  I'arrell  said  that  a  hufje  marine  (Icet 
will  o]ien  to  the  United  States  a  new  era  of 
eommercial  and  industrial  development  and 
that  "nothinj^  but  the  shortsi^jhtedness  of 
self-seekinj;  politicians  and  the  misplaced 
activities  of  injurious  friends  of  labor  can 
prevent  this  nation  from  bccomin<;  once 
more  the  foremost  seafaring  i)cople  of  the 
world." 

'John  T^.  Rockefeller,  Jr..  projiosed  an 
industrial  creed  which  was  heartily  apjiroved 
by  the  Convention  and  recommended  for 
adoption  by  the  four  components  of  industry 
— capital,  management,  labor,  and  the  com- 
munity. The  first  and  last  of  the  ten 
articles  composing  the  creed  are  as  follows : 

(1)  I  believe  that  labor  and  capital  are  partners, 
not  enemies;  that  their  interests  are  common 
interests,  not  opposed,  and  that  neither  can  attain 
the  fullest  measure  of  prosperity  at  the  expense 
of  the  other,  but  only  in  association  with  the  other. 

(10)  I  believe  that  that  man  renders  the  greatest 
social  service  who  helps  to  afford  the  largest  num- 
ber of  men  the  greatest  opportunity  for  self- 
development  and  the  enjoyment  by  every  man  of 
those  benefits  which  his  own  work  adds  to  the 
wealth  of  civilization. 

The  following  brief  and  pleasing  forecast 
of  our  national  status  after  the  present 
transition  period  was  made  by  Mr.  Warburg: 

"As  I  look  through  the  telescope  into  the  period 
following  that  of  transition  I  see  a  United  States 
to  which  the  world  at  large  will  be  heavily  indebted, 
and  to  which  annually  hundreds  of  millions  of 
dollars  will  be  due  as  interest  on  loans  extended, 
in  addition  to  the  hundreds  of  millions  due  in 
payment  of  the  raw  materials  we  shall  be  able  to 
spare  for  other  countries.  I  see  an  industrially 
highly  developed  country,  which,  with  the  excep- 
tion of  a  limited  number  of  articles,  will  be  ca- 
pable of  producing  most  of  the  necessities  of  life 
for  the  consumption  of  its  own  people.  I  perceive, 
therefore,  a  country  amply  protected  by  a  vast 
annual  international  credit  balance,  a  country 
which  by  keeping  some  portion  of  its  foreign  se- 
curity holdings  in  the  form  of  reasonably  short 
obligations  should  be  able  to  protect  itself  against 
any  serious  encroachment  upon  this  creditor  posi- 
tion; a  country  owning  a  high  gold  stock;  a 
country,  in  short,  which  need  not  give  itself  any- 
great  concern  with  regard  to  its  power  to  maintain 
the  parity  of  the  dollar  exchange  all  over  the 
world." 


Ill  order  that  tlicsi-  (uiidilions  can  be 
brought  about,  however,  strict  observation 
must  be  given  to  the  following  timely  in- 
junction als(j  ex])resse(l  l>y  Mr.  Warburg  in 
his  address: 

"  I  believe  we  cannot  emphasize  too  strr)nKly  that 
the  time  has  not  yet  come  when  our  peopli\  larye  or 
small,  may  relax  their  efTorts  In  curtail  unnecessary 
consumption,  both  for  the  sake  of  releasini;  for 
export  the  greatest  |)ossible  (|uanlities  of  goods, 
thereby  stimulating  our  export  industries,  and  for 
the  purpose  of  accumulating  funds  available  for 
investment.  The  slogan  '  Don't  stop  saving  food,' 
would  gain  in  scope  and  strength  by  abbreviating 
it  into  'Don't  stop  saving.  Our  more  than 
2I,()(MI,()()()  Liberty  Bond  holders  must  be  trained  to 
become  permanent  investcrs;  thrift  must  become  a 
national  virtue,  a  priceless  inheritance  left  to  us 
by  the  war." 

At  the  final  session,  December  0th,  the 
Congress  recei\'etl  and  accepted  the  report 
of  the  Clearance  Committee  on  Resolutions. 
The  section  of  the  report  which  aroused  the 
greatest  enthusiasm  was  one  which  author- 
ized the  president  of  the  Chamber  of  Com- 
merce, after  consultation  with  representatives 
of  other  appropriate  bodies,  to  appoint  a 
commission  of  American  business  men  to  go 
to  Europe  without  delay  to  .study  at  first 
hand  the  reconstruction  needs  of  Europe 
and  to  be  available  to  the  peace  delegates 
of  the  United  States  for  any  needed  business 
information. 

The  other  resolutions  adopted  by  the 
Congress,  and  of  particular  interest  to  the 
readers  of  this  magazine,  follow : 

Cancellation  of  War  Contracts.  It  is  in  the 
public  interest  that  all  w^ar  orders  placed  by 
any  contracting  agency  of  the  government 
and  accepted  in  good  faith,  whether  formally 
and  regularly  executed  or  not,  should,  upon 
cancellation  by  such  contracting  agency,  be 
promptly  and  equitably  adjusted  and  satisfied 
as  if  ever)'  formality  had  been  obser\'ed,  and 
w'hen  so  adjusted  the  amount  ascertained 
to  be  due  bj'  the  government  should  be 
promptly  paid  to  the  end  that  these  funds  may 
be  utilized  by  the  industries  of  the  country 
to  speed  their  transitioit  from  a  war  to  a 
peace  basis. 

If  it  should  be  ascertained  that  legislation 
is  necessary  or  desirable  to  accomplish  this 
end.  Congress  should  forthwith  enact  such 
legislation. 

Officials  dealing  with  questions  of  adjust- 
ment on  account  of  war  orders  must  neces- 
sarily be  familiar  with  all  the  conditions 
affecting  the  order.  It  will  greatly  promote 
expedition  and  the  interests  of  both  the 
government  and  private  enterprise  "for    the 
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officials  who  made  the  contracts  to  remain  in 
the  government  sen.'ice  to  participate  in 
the  readjustments. 

Surplus  Government  Supplies.  Under  date 
of  November  29th,  the  Secretary  of  War 
issued  a  public  statement:  "To  prevent  too 
violent  dislocation  of  industr};-  from  the  stand- 
point of  both  employee  and  emploj'er, 
accumulation  by  the  War  Department  of 
either  raw  material  or  finished  product  will 
be  distributed  when  and  where  liquidation  of 
such  supplies  will  least  interfere  with  the 
return  of  industry  to  normal  condition." 
Such  action  would  seem  to  insure  the  stability 
of  the  industries  affected  which  fully  appre- 
ciate this  liberal  position. 

Therefore  the  War  Ser^dce  Committees  of 
American  Industries  hereby  tender  to  the 
War  Department  their  services  for  their 
respective  industries  for  the  purpose  of 
advising  with  and  assisting  the  War  Depart- 
ment in  the  disposition  of  such  materials. 

Removal  of  Restrictions  of  Industry.  It  is 
in  the  public  interest  that  all  war  regulations 
of  industry  should  be  revoked  and  all  war 
restrictions  on  industry  should  be  removed 
as  speedily  as  practicable,  save  such  industries 
as  are  engaged  in  the  production,  preparation, 
or  distribution  of  foods,  feeds,  and  fuel 
and  such  last-named  group  of  industries 
should  be  freed  from  war  regulations  and 
restrictions  as  early  as  consistent  with  the 
welfare  of  this  nation  and  of  the  AlHes. 

Industrial  Co-operation.  The  war  has 
demonstrated  that  through  industrial  co- 
operation great  economies  may  be  achieved, 
waste  eliminated,  and  efficiency  increased. 
The  nation  should  not  forget,  but  rather 
should  capitalize  these  lessons  bj-  adapting 
effective  war  practices  to  peace  conditions 
through  permitting  reasonable  co-operation 
between  imits  of  industry  under  appropriate 
Federal  supervision.  It  is  in  the  public 
interest  that  reasonable  trade  agreements 
should  be  entered  into,  but  the  failure  of  the 
government  to  either  clearly  define  the  divid- 
ing line  between  those  agreements  which 
are,  and  those  which  are  not,  in  unreasonable 
restraint  of  commerce,  or  to  provide  an 
agency  to  speak  for  it  on  application  of  those 
proposing  to  enter  into  such  agreement  in 
effect  restricts  wholesome  co-operation  and 
deprives  both  industrj^  and  the  general 
public  of  its  benefits.  The  conditions  incident 
to  the  period  of  rea.djustment  renders  it 
imperative  that  all  obstacles  to  reasonable 
co-operation  be  immediately  removed  through 
appropriate  legislation. 


Public  Works.  The  development  of  public 
works  of  every  sort,  as  recommended  by  the 
President,  should  promptly  be  resumed,  in 
order  that  opportunities  of  emploj^ment  may 
be  created  for  unskilled  labor. 

Inventories.  We  urge  that  Congress  should 
give  careful  consideration  to  the  grave 
menace  now  facing  all  industry  due  to  the 
fact  that  both  raw  materials  and .  finished 
goods  are  carried  in  full  measure  to  meet  the 
extraordinary  requirements  of  the  government 
and  of  the  people,  and  that  in  large  part  the 
stocks  have  been  acquired  at  abnormal  cost 
and  are  therefore  carried  into  inventories  at 
inflated  values,  thereby  showing  apparent 
profits  which  have  not  been  realized,  and 
which  probably  will  never  be  fulh-  realized. 
These  are  largely  bookkeeping  or  "paper" 
profits,  and  should  not  be  used  as  a  basis  for 
taxation. 

We  therefore  recommend  that  any  tax  law 
shall  provide  that  during  present  conditions 
the  taxpa^'er  shall  be  allowed  to  make  a 
deduction  from  his  apparent  profit  by  way 
of  a  reserve  for  a  subsequent  shrinkage  in  the 
value  of  merchandise. 

We  believe  that  the  interests  of  the  govern- 
ment can  be  protected  against  abuse  of  this 
privilege  by  the  fbdng  of  a  maximum  per- 
centage of  deduction  to  be  allowed,  and  by 
the  use  of  proper  methods  of  inspection  and 
appraisal. 

Railroads.  The  Congress  of  the  LTnited 
States  should  speedily  enact  legislation  provid- 
ing for  the  early  return  under  Federal  charters 
to  their  owners  of  all  railroads  now  being 
operated  by  this  government  under  Federal 
regulations  permitting  the  elimination  of 
wasteftd  competition,  the  pooling  of  equip- 
ment, combinations  or  consolidations  through 
ownership  or  otherwise  in  the  operation  of 
terminals,  and  such  other  practices  as  will 
tend  to  economies  without  destroying  com- 
petition in  ser\-ice. 

Aleans  of  Communication.  We  are  opposed 
to  government  ownership  and  operation  of 
telegraphs,  telephones,  and  cables. 

Merchant  Marine.  We  recommend  that 
the  construction  of  a  great  merchant  marine 
be  continued  and  am_plified,  and  that  its 
operation  under  American  control  be  kept 
safe  by  such  legislation  as  may  be  necessary 
to  insure  its  stabihty  and  its  lasting  value 
to  American  industries. 

Port  Facilities.  The  recommendations  of 
the  Port  and  Harbor  Facilities  Commission 
of  the  United  States  Shipping  Board  for 
development  of  ports  are  supported.     Vessels 
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of  foivij^n  ri'jjisU'i"  incdid  fur  our  coiiiiiuTi't' 
by  sfa  arc  altrat'ti'd  In  lliosi-  ports  which  arc 
host  fitted  to  coal,  to  load  and  to  unload 
I'arj^ocs,  and  thus  ])rovidc  means  for  a  ([uick 
turn-around.  After  asccrtainin^,'  the  jiort 
facilities  of  ICuropean  coiuitrics,  and  tiicir 
lilans  for  further  devcloi)nient,  the  Coni- 
inission  has  reconiniended  that  there  should 
he  a  local  port  commission  at  each  of  tlie 
imi)ortant  ports  uiion  our  coasts,  that  u|)on 
these  commissions  there  should  he  rei)resen- 
tatives  of  industrial,  commercial,  and  rail- 
road interests  centering:  at  the  jiort,  that 
facilities  should  be  installed  to  meet  the 
needs  of  the  port,  and  that  a  zone  system 
should  be  arranged  by  which  exports  and 
im]iorts  would  flow  through  these  ports 
which  are  within  economic  transportation 
<listance  of  the  points  of  origin  and  destina- 
tion. There  should  be  co-operation  with  the 
Facilities  Commission  in  its  task  of  expanding 
means  which  will  enhance  the  position  of  the 
United  States  among  maritime  nations. 

Public  i'tilitics.  Public  utilities  have  faced 
difficult  problems,  which  have  been  accen- 
tuated by  conditions  arising  out  of  war. 
The  development  and  efficiency  of  such  a 
utility  as  local  transportation  has  immediate 
im]_K)rtance  for  every  community.  It  is 
recommended  that  the  Chamber  of  Com- 
merce of  the  United  States  should  appoint  a 
committee  to  investigate  and  study  the 
question  of  local  transportation  as  it  relates 
to  the  control  of  rates  and  service,  franchises, 
taxes,  the  attraction  of  capital  into  the 
business,  and  such  other  questions  as  the 
committee  may  find  pertinent.  Such  a  com- 
mittee should  report  its  recommendations  to 
the  Board  of  Directors  of  the  National 
Chamber,  and  the  Board  should  deal  with 
them  in  accordance  with  the  established 
]:)rocedure  of  the  Chamber. 

Water  Powers.  Industrial  activity  is  de- 
Xiendent  upon  the  available  supply  of  power. 
A  bill  which  would  affect  the  development  of 
hydroelectric  power  upon  waterway's  and 
lands  which  are  subject  to  Federal  juris- 
diction is  now  before  a  committee  of  con- 
ference between  the  two  Houses  of  Congress. 
It  is  important  in  the  public  interest  that 
Federal  legislation  on  this  subject  should  be 
enacted  without  further  delay.  We  accord- 
ingly urge  that  the  conference  committee 
arrive  at  an  acceptable  form  of  legislation 
in  season  for  enactment  at  this  session  of 
Congress. 

European  Commission .  The  business  men 
of  the  United  States,   having  devoted  their 


energies  and  resources  toward  the  winninij 
of  the  war,  regardless  of  saerifices  or  burden.s, 
in  sup|)ort  of  the  princijiles  for  which  this 
country  fought,  ajjpreciate  the  necessity  of 
continuance  of  unremitting  effort  in  order 
that  the  world  may  he  restored  to  normal 
conditions  as  ([uickly  as  jjossiblc  and  the 
blessings  of  ])eace  brought  to  all  peoples. 

In  the  accomplishment  of  these  results  the 
higliest  eniciency  of  the  great  commercial 
and  industrial  ])owers  of  our  own  country 
and  that  of  the  Allied  nations  will  be  developed 
only  through  co-operative  efTort  and  common 
counsel. 

In  order,  therefore,  to  contribute  to  the 
fullest  tow-ard  the  ]>rompt  solution  of  the 
])roblcm  presented,  the  Chamber  of  Com- 
merce of  the  United  States  is  requested  to 
enlist  the  co-operation  of  national  bodies 
devoted  to  the  extension  and  promotion  of 
American  commerce  and  particularly  foreign 
trade,  in  the  a])]:)ointment  of  a  commission 
representative  of  American  business,  which 
shall  proceed  without  delay  to  Europe  and 
establish  machinery  for  the  following 
purposes : 

(1)  To  study  at  first  hand  the  reconstruc- 

tion needs  of  European  countries 
in  conjunction  with  business  men 
of  these  nations  in  order  to  advise 
the  business  men  of  the  United 
States  as  to  how  they  may  be  most 
helpful  in  meeting  the  necessities  of 
Europe  and  caring  for  the  interests 
of  American  industr\- and  commerce. 

(2)  To  be  available  to  the  peace  delegates 

of  the  United  States  for  any  needed 
information  which  they  may  be 
able  to  present  or  for  any  other 
aid  which  may  be  given  by  the 
business  men  of  the  United  States 
through  the  medium  of  such  a 
commission. 

The  Chamber  of  Commerce  of  the  United 
States  also  is  requested  to  appoint  members 
of  the  Commission  to  represent  the  business 
men  of  the  United  States  at  the  forthcoming 
meeting  of  the  Permanent  Committees  of  the 
International  Congress  of  Chambers  of  Com- 
merce. 

Markets  for  Foreign  Trade.  We  strongly 
urge  upon  our  government  the  vital  necessit}" 
of  encouraging  and  developing  our  foreign 
trade  through  all  appropriate  means  possible, 
in  order  that  the  production  of  industry'  may 
afford  emplo>-ment  to  wage  earners  and 
prosperity  to  the  nation. 
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South  American  Relations.  It  has  long 
been  the  policy  of  this  nation  to  cultivate 
relations  of  close  sympathy  with  the  nations 
of  the  Western  Hemisphere  as  expressed  in 
the  Monroe  Doctrine.  We  believe  that 
these  relations  should  be  supplemented  and 
strengthened  by  a  vigorous  development  of  our 
commercial  and  financial  associations  with  our 
neighbors  of  North  and  South  America. 

The  government's  control  of  shipping 
should  be  brought  to  the  accomplishment 
of  this  purpose  as  soon  as  it  is  consistent  with 
other  urgent  needs  and  the  work  of  the 
Pan-American  Union  should  be  continued 
and  broadened  in  scope. 

Property  Rights  in  Mexico.  By  provisions 
in  the  constitution  adopted  while  much  of  the 
country  was  engaged  in  civil  strife,  arid 
through  subsequent  legislation,  Mexican 
authorities  have  threatened  rights  acquired  by 
Americans  in  good  faith,  especially  in  minerals 
including  petroleum.  Against  threatened  con- 
fiscation the  American  government  made 
formal  protests.  The  attitude  taken  by  the 
American  government  is  heartily  commended 
as  in  accordance  with  obvious  justice. 

Education  in  Foreign  Commerce.  In  the 
larger  opportunities  which  are  to  be  opened  to 
American  business  men  to  play  a  part  in  the 
international  commerce  of  the  world,  the 
need  will  be  felt  for  more  men  who  are 
trained  to  a  knowledge  and  understanding  of 
the  language,  the  business  methods,  and  the 


habits  of  thought  of  foreign  lands.  Com- 
plete success  can  only  come  to  those  who 
succeed  in  putting  themselves  into  full 
accord  and  sympathy  with  the  peoples  with 
whom  they  are  to  deal. 

We  urge  upon  our  industrials  that  they 
take  steps  to  provide  opportunities  to  young 
men  to  obtain  an  education  in  the  practices  of 
overseas  commerce  and  finance  and  in  the 
practical  use  of  foreign  languages. 

We  call  the  attention  of  the  various' depart- 
ments of  government  and  of  educators  to  the 
importance  of  this  matter  and  ask  that  special 
efforts  be  made  to  supplement  the  valuable 
work  already  done  and  to  open  up  every 
facility  to  the  furtherance  of  a  successful 
prosecution  of  this  educational  work. 

Cost  Accounting.  It  is  the  sense  of  this 
convention  that  uniform  cost  accounting 
should  be  adopted  by  industries. 

National  Trade  Associations.  The  ex- 
periences of  the"  war  have  clearly  demonstra- 
ted the  value  of  national  trade  organizations 
and  their  service  to  the  countrj^  as  well  as  to 
industry. 

This  conference  heartily,  approves  the  plan 
of  organizing  each  industry  in  the  country  in 
a  representative  national  trade  association 
and  expresses  the  belief  that  every  manu- 
facturer, jobber,  and  producer  of  raw  materials 
should  be  a  member  of  the  national  organiza- 
tion in  his  trade  and  cordially  support  it  in  its 
work. 


Some  Developments  in  the  Electrical  Industry 
During  1918 

H\    John   I.iston 

I'l  III.ICATION   Hi  KKAU,  GkNKRAI.   ICl.lXTRIC  COMI'ANV 

AllhouKli  (ho  aitivilios  in  Hit-  electrical  imlustry  during  1018  were  mainly  concenlrateil  «n  the  construc- 
tion and  application  of  existing  designs  to  the  war  reiiuirenients  of  Uie  country,  ami  hence  the  (levelopmcnt  of 
new  apparatus  and  new  applications  was  restricted,  there  was  still  a  surprising  number  of  achievements  of  a 
notable  character  that  arp  to  he  recorded. —  Editor. 


The  electrical  industry  i.s  indissolubly 
connected  with  every  ijhase  of  our  war- 
quickened  production;  in  the  niininfj  of  coal 
and  ores,  the  refining  and  shajjing  of  metals  for 
ships  and  munitions,  the  making;  of  chemicals, 
the  handling  and  refining  of  foodstuffs, 
and  in  the  operation  of  freight  terminals 
and  shipyards. 

Not  only  in  the  production  but  in  the 
operation  of  a  considerable  percentage  of  our 
military  equipment  is  electricity  depended 
on :  The  movement  of  guns,  turrets,  ammuni- 
tion hoists,  and  steering  gear  of  our  battle 
fleets;  the  energizing  of  telephone,  telegraph, 
radio,  and  X-ray  outfits;  the  underwater 
travel  of  our  submarines;  the  protective 
lighting  for  construction;  and  the  stabbing 
rays  of  our  military  searchlights  on  land  and 
sea  are  all  rendered  possible  by  the  application 
of  electrical  energy. 

Back  of  all  of  these  operations  are  the 
generating  equipments  large  and  small;  the 
mammoth  central  station  transmitting  current 
to  hundreds  of  centers  of  industry  in  large 


areas,  the  smaller  i>lants  in  isolated  mines, 
mills,  yards,  factories,  and  on  shipboard, 
down  to  the  tiny  portable  generators  utilized 
for  field  work. 

Under  these  conditions  it  was  entirely 
natural  to  limit  new  devices  in  the  electrical 
industry  to  those  ajjproved  by  the  authorities 
as  being  of  direct  advantage  to  the  speeding 
up  of  our  war  production.  These  circum- 
stances explain  the  relatively  small  amount 
of  distinctly  new  apparatus  which  was 
produced  during  the  past  year,,  as  compared 
with  previous  periods  when  efforts  were  to  a 
very  large  extent  concentrated  on  commercial 
problems.  •  '" '  • 

Xevertheless,  the  year  1918  saw  a  number 
of  notable  achievements"'' in  •  the  electrical 
industry,  the  completion  of  important  equip- 
ments begun  prior  to  our  enli'y  into  the  war, 
a  vastly  augmented  production  along  certain 
lines  necessitated  by  war  demands,  and  a 
certain  number  of  improvements  of  such 
character  that  their  development  expedited 
production   and  secured  increased  economy 


Fig.  1.     45,000-kw..  50,000-kv-a.  Curtis  Steam  Turbo-generator 


10     January  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  1 


Assembly  of  Large  Steam  Turbine  Generators,  Schenectady  Works,  General  Electric  Company 

This  view  shows  one  bay  of  building  No.  60  in  which  single-unit  steam  turbine  generators 

ranging  from  2500  to  50,000  kilowatts  in  capacity  are  assembled  and  tested 


soMic  i)i;vi:i.(»i'Mi:N'rs  i\  'iiii';  i:ij;('iric.\l  ixdis'ikv  during  mms    ii 


or  rlliciciu'v,  and  wcii'  lluTi't'ori-  authorixt'il 
(li'spili-  llu-  yjfiuTal  liinilations  im])()sc'(l  on 
tlif  in(liislr\'  as  a  whole. 

As  in  ])rovious  articles  on  this  subject  the 
electrical  aijparalus  referred  to  was  ])roduced 
by  the  (leneral  Electric  C'onipanN',  litit  serves 
as  an  indication  of  the   ten- 
dencies,   in    desi^jn   and   con- 
struction,    of    the    electrical 
manufacluriiiK  industry  ;is  a 
whole. 

Turbines 

Steam  turbines  have  been 
very  jtenerally  adopted  for 
the  propelling  equipment  of 
battleships,  destroyers,  and 
cargo  boats,  and  they  also 
constitute  the  prime  movers 
for  generators  which  sujjplN- 
current  for  the  operation  of 
shipyard  machinery,  nitrate 
plants,  and  a  great  variety 
of  industries  engaged  in  war 
work. 

For  this  reason  in  HUS  as 
in  1917  every  effort  was  made 
to  increase  the  production  of 
turbines  of  types  already  de- 
veloped. The  result  of  special- 
ization on  established  types, 
together  with  increased  fac- 
tory facilities,  is  shown  by  the 
fact  that  in  spite  of  labor 
shortage  the  kilowatt  capacity 
of  the  turbines  shipped  in  1918 
was  approximately  three  and 
one  half  times  greater  than  the 
maximum  production  prior 
to  1916. 

The      45,000-kw.,      oO,000-kv-a.      turbine- 
generator    (Fig.     1)    built    for    the    Detroit 


stepjting  up  tlie  generator  voltage  from  12, ((00 
to  21,000  volts.  H(»th  the  generating  set  and 
the  transformer  represent  the  niaxitnum  unit 
ea]«uity  for  apparatus  of  their  resjieetive  ch'tsses. 
A  small  Curtis  turbine-generator  (Figs. 
'2  and  -i)  was  s])ecially  designed  for  furnishing 


Fig.  2  Fig.  3 

Turbo-generators  for  I^ocomotive  Headlights 

Edison  Co.,  which  was  referred  to  in  last 
year's  Review,  w-as  completed  and  installed 
together     with     the     auto-transformer     for 


32,500-kv-a.,  150-r.p.in.,  Three-phase.  25-cycle.  12,000-volt  Waterwheel  Generator 
Now  Under  Construction  for  the  Niagara  Power  Co.       When  completed  it  will 
have  greater  capacity  than  any  existing  waterwheel-driven  unit 

power  for  the  operation  of  incandescent  head- 
lights and  cab  lamps  on  steam  locomotives, 
and  has  several  unusual  features.  It  weighs 
approximately  275  lb.,  is  16  inches  high  by 
22  inches  over-all  length,  and  can  be  wound  for 
either  175  watts  at  six  and  one  half  volts  or 
500  watts  at  33  volts. 

A  pressure-reducing  valve  maintaining 
about  100  lb.  nozzle  pressure  provides  for 
operation  on  boiler  pressures  ranging  between 
125  and  225  lb.,  and  due  to  the  action  of 
this  pressure  regulator  a  constant  speed  is 
maintained  with  constant  load. 

Load  reg\ilation  is  obtained  by  the  use  of  a 
magnetic  brake  consisting  of  a  radial  pole 
piece  with  a  differential  winding  mounted 
on  the  hub  of  the  magnet  and  a  copper  disk 
riveted   to   the   face   of   the   turbine   wheel. 
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This  copper  disk  rotates  about  the  stationary 
pole  piece  so  that  when  the  magnet  is  ener- 
gized eddy  currents  are  induced  in  the  disk, 
thus  producing  a  drag  upon  the  turbine  wheel 
which  is  proportional  to  the  extent  to  which 
the  pole  piece  is  magnetized. 

The  series  and  shunt  windings  of  the 
brake  magnet  are  so  proportioned  that  when 
the  machine  is  fully  loaded  the  series  coil 
neutralizes  the  effect  of  the  shunt  coil,  and 
consequently  no  magnetization  takes  place 
and  there  is  no  drag  on  the  copper  disk. 
If  part  of  the  lamp  load  is  removed,  thereby 
decreasing  the  current  through  the  series 
coil,  the  shunt  coil  magnetizes  the  pole 
piece  and  produces  a  drag  upon  the  turbine 
disk  which  slows  the  machine  down  enough 


continued  unabated  during  1918.  A  consider- 
able number  of  generators  of  varying  capacities 
were  designed  and  constructed  for  operation  in 
France,  Italy,  Spain,  and  India.  Among  these 
were  two  10,500-kv-a.  units  for  Italy  and  six 
10,000-kv-a.  units  which  formed  part  of  a  com- 
plete hydroelectric  equipment  for  the  Andhra 
Valley  development  in  India. 

In  addition  to  the  10,000-kv-a.  generators, 
this  development  will  utilize  two  12,500-kv-a., 
22,000-volt  synchronous  condensers  -which 
are  now  under  construction.  These  units 
represent  the  maximum  voltage  rating  for 
synchronous  condensers. 

The  generators  for  foreign  countries  include 
four  lOS-pole,  slow-speed,  vertical-shaft  units 
which  have  greater  physical  dimensions  than 


:  of  the  Ten  10,000-tv-a.,  Three-pha 
additional  units  installed  in 


;e.  6600-volt  Cedar  Rapids  Generators  Installed  During  1914. 
1918  are  equipped  with  spring  thrust  bearings 


to    maintain    practically     constant    voltage 
at  the  decreased  load. 

With  this  method  of  governing,  practically 
constant  voltage  is  maintained  from  no  load 
to  full  load.  It  is  also  impossible  to  burn  out 
field  and  armature  coils,  due  to  the  fact  that 
with  an  overload  or  short  circuit  the  brake 
magnet  slows  the  speed  of  the  machine  down 
as  in  the  case  of  an  underload. 

Alternating-current  Machines 

The  maximum  rating  for  waterwheel 
generators  was  increased  to  32,500  kv-a. 
by  the  machine  shown  in  Fig.  4  which  is  now 
under  construction. 

Apparently  due  to  the  increasing  cost  and 
difficulty  in  obtaining  coal  in  foreign  countries, 
the  exceptional  demand  for  waterwheel  genera- 
tors, which  was  referredtoin  last  year's  Review, 


anj^  heretofore  constructed  for  foreign  ship- 
ment. They  are  to  be  installed  in  the  Mauzac 
Power  Station,  France,  are  rated  2857  kv-a., 
55.5  r.p.m.,  5500  volts,  three-phase,  50  cycles, 
and  are  designed  to  operate  under  hydraulic 
heads  of  from  three  to  five  meters.  Their 
dimensions  are:  diameter  26  ft.  4  in.,  and 
height  13  ft.  6  in.  The  spring  thrust  bear- 
ings with  which  thev  are  equipped  will^each 
carry  a  live  load  of  310,000  lb. 

Spring  thrust  bearings  were  applied  to 
larger  generators  than  in  preceding  years. 
Two  of  the  10,000-kv-a.,  55. 6-r. p.m. generators 
(Fig.  5)  supplied  to  the  Cedars  Rapids  Manu- 
facturing and  Power  Co.  of  Quebec  were  so 
equipped,  the  live  load  imposed  on  the  bearing 
being  550,000  lb. 

Notwithstanding  this  great  weight,  the 
machines  when  started,  run,  and  stopped  in 
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\'ar\iiiK  li'Sls  sliciwcil  ihat  no  wiping;  ol  llic 
conlacl  surliu'cs  liail  (icriirreil  ami  lUvrv  wvvv 
no  indicaliiiiis  of  i-xix'ssivi-  pri'ssurc  or 
Icmpciaiiiiv  at  aiiv  iinint.  'I'lu'iv  \v;is  also 
an  cut  DC  ahsi-nci'  of  llio  noise  usually  asso- 
eiali'il  witii  till'  (i|u'rati(in  of  larj^i.'  sus])C'nsioii 
thrust  hoariuKS. 

Thosi-  l)carin>;s  lia\c  an  nutsido  (liamcli.'r  of 
about  ")()  in.  and  insiilo  dianu'tt'r  of  2S  in. 

Wliilc  not  an  eloctrical  dovcloiJiniMit,  it 
may  bo  intoivstinK  to  noU-  that  this  l\'pi'  of 
thrust  bcariny;  lias  ri't'cnlly  bucn  a|)i)lied  to 
the  propcllor  shafts  of  shi])s. 

The  first  installation  of  this  kind  was  made 
on  a  twin  screw  scout  cruiser  in  March  lUlN, 
and  while  it  has  been  imijossible  as  yet,  for 
service  reasons,  to  open  and  examine  these 
bearinj^s  for  possible  wear,  they  ajjpear  to  be 
functioninjj  ])crfectly.  The  propellor  shafts 
revolve  at  ;5S()  r.jj.m.  and  the  bearings  each 
sustain  a  maximum  thrust  of  7."),()()(l  lb. 

Direct-current  Machines 

A  Study  of  methods  to  jirotect  direct- 
current  machines  from  flashing,  due  to  short 
circuits,  has  been  in  progress  for  several 
years.  During  191S  there  were  placed  in 
commercial  operation  a  number  of  machines, 
particularly  synchronous  converters,  with 
automatic  substation  control,  equipped  with 
a  type  of  flash  barrier  (Figs.  15  and  7)  that  has 
greatly  reduced  the  damage  possible  when 
short  circuits  occur. 


These  barriers  are  also  being  used  on 
3000-volt  motor-generator  sets  built  for  the 
Chicago,  Milwaukee  &  St.  Paul  Railway. 
Tests  recently  made  show  that  they  are  very 
effective. 

The  production  of  submarine  motors  rated 
at  750  h.p.  involved  special  features  of  design 
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due    lo    llu-    cxciplHiiial    cliaracler    of    the 
service  ret|iiired  of  I  hem. 

These  motors  (!riv<-  the  submarine  when  it 
is  submerged,  and  ari'  also  driscn  as  generators 
by  the  oil  engines  to  charge  the  slora>;c 
batteries   when    the   '■■■'i    '     ■■''   I  he  surface. 


Fig.   7.     500-kv-a.,  eOO-volt  Synchronous  Converter 
Equipped  with  Flash  Barriers 

The  motors  are  enclosed  and  are  cooled  by 
forcing  air  with  a  se])arate  lilower  into  the 
commutator  end  of  the  machine  and  out 
through  the  fields  and  horizontal  ventilating 
ducts  through  the  armature  to  an  exit  at  the 
back  end  of  the  motor.  The  requirements 
for  quiet  running  and  minimum  magnetic 
disturbances  involve  a  special  arrangement 
of  the  armature  punchings. 

Electric  Traction 

In  the  electric  traction  field,  the  manu- 
facture of  equipment  was  generally  limited 
to  standard  designs  and,  for  the  most  part, 
to  city  and  interurban  equipment  required 
because  of  war  conditions,  such  as  canton- 
ments, shipyards,  munition  plants,  and  other 
war  industries. 

Where  financial  arrangements  could  be 
made,  very  necessary  rehabilitation  of  prop- 
erties was  undertaken  to  cope  with  the 
rapidly  increasing  costs  of  operation.  With 
the  exception  of  projects  already  initiated, 
no  further  steps  were  taken  during  the  year 
looking  to  the  electrification  of  steam  railroad 
systems. 

Electric  railwaj's  of  necessity  added  to 
their  power  house  equipment  and.  where 
power  was  purchased,  have  been  the  indirect 
cause  of  increasing  the  capacity  of  power  and 
lighting  companies.  One  of  the  most  con- 
sistent  sellers   in   the   electric   traction   field 
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was  the  automatic  substation,  the  number 
of  orders  equaUng,  if  not  exceeding,  the 
previous  year's  business. 

Electrification  of  Steam  Roads 

Work  on  the  electrification  of  the  Othello, 
Seattle,  and  Tacoma  divisions  of  the  Chicago, 


includes  14  car  equipments,  each  with  four 
GE-263,55-h.p.,600/1200-volt  motors  (Fig.  9), 
PC-101  control,  G-E  straight  air  brakes,  and 
four  60-ton  locomotives  each  equipped  with 
four  GE-251  600/1200-volt  motors  and  PC- 
201  control.  The  electric  power  equipment 
includes  two  8000-kv-a.,   waterwheel  driven 


Fig.  8.      One  of  the  Eight  2000-kw.,  3000-volt.  Three-unit  Synchronous  Motor-generator  Sets 
Under  Construction  for  the  Chicago,  Milwaukee  8e  St.  Paul  Railway,  Othello, 
Seattle  &  Tacoma  Division.     Twenty-three  similar  sets  are 

on  the  original  electrification  from  Harlowton  to  Avery 


Milwaukee  &  St.  Paul  Railway  is  now 
approaching  completion  over  the  entire  211- 
mile  zone,  and  the  change  from  steam  to 
electric  operation  is  predicted  early  in  the 
present  year.  Bonding  and  line  construction 
work  is  nearly  finished,  substations  are  being 
equipped  (Fig.  S),  and  locomotive  delivery 
will  probably  be  started  in  the  early  spring. 

On  the  original  440-mile  zone  electric 
operation  continues  to  give  the  utmost 
satisfaction.  The  44  locomotives,  14  sub- 
stations, and  600  miles  of  line  material,  all 
of  which  were  supplied  by  the  General 
Electric  Company,  have  given  practically 
no  trouble  since  being  put  in  service  early  in 
1916. 

Service  is  gradually  being  inaugurated 
on  the  electrified  terminal  of  the  Canadian 
Northern  Railway  where  six  83-ton,  2400- 
volt,  direct-current  locomotives  are  hauling 
trains  under  Mount  Royal  into  the  new 
Montreal  Terminal. 

During  the  year,  the  New  York  Central 
Railroad  put  into  service  a  20,000-kv-a. 
Curtis  turbine  generator  set  at  the  Port 
Morris  Power  Station.  This  unit,  which  is 
of  the  most  improved  type,  relieves  the 
four  vertical  units  of  equivalent  rating  from 
continuous  service  and,  because  of  its  much 
higher  efficiency,  has  effected  a  great  saving 
in  coal. 

One  of  the  large  foreign  orders  was  for  the 
electrification  of  the  Cienfuegos,  Palmira  & 
Cruces     R.     R.     in     Cuba.     This     contract 


generators,  three  500-kw.  synchronous  motor- 
generator  sets  for  1200  volts  direct  current 
with  the  necessary  transformers,  switch- 
boards, and  switching  equipment,  and  a 
portion  of  the  line  material. 

Automatic  Railway  Substations 

There  are  now  in  actual  service  26 
automatic  railway  substations  installed  by 
the  General  Electric  Company,  one  of  these 
(Fig.  10)  being  a  two-unit  station.  As  in  the 
single-unit  stations,  the  functioning  is  entirely 
automatic,     the     second    unit    starting    up 


Fig.  9.     GE-263,  600/1200-volt  Ventilated  Railway  Motor 

when  the  load  demand  exceeds  certain  pre- 
determined limits  and  dropping  out  when  the 
demand  is  reduced  to  the  capacity  of  a  single 
machine. 

The  Salt  Lake,  Garfield  &  Western  Rail- 
way, formerly  a  steam  road,  placed  a  contract 
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for  u  compliU'  iquipnuiiL  to  ihaiiK'f  <ivfr  l<> 
eleclrioal  oiicrulion.  Two  aulomatic  suh- 
stalionsaiv  now  iK-iiiK  iiislalk-d,  I'aili  i-(|iii|)|)C(l 
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Fig.    10.      Automatic   Substation   Emiipmeiit    InstiiilcJ    for 

the  Rhode  Island  Company.  Oakland  Substation. 

Controlling   Two  300  kw..    eOO-volt 

Synchronous  Converters 


City  und  Intrrurbitn  Ruilwny  Equipment 

As  a  i)u-ans  of  ki-t-piri^;  down  oi>t*ratinK 
(lists,  sevtral  railway  systems  purcha.sffl 
niw  siihslation  and  tar  equipment  which 
has  the  advanta>;e  of  higher  efficiency  and 
)4reatly   rediited   maintenance  cost.     One  of 


Fig.  11.     Light-weight  S.ifcty  Car  Ecjuippcd  with  GE-iSH 
Motors.     Keokuk  Electric  Co. 


The  rolling  stock  includes  si.\  motor  cars, 
each  equipped  with  four  GE-240  750  1500- 
volt  motors  and  PC- 101  control.  An  in- 
teresting feature  of  this  equipment  is  the 
small  motor-generator  set*  for  supplying  32- 
volt  current  to  the  control  and  lighting 
■circuits. 


Fig.  12.     Type  PC-5  Controller 


There  are  under  construction  about  30 
additional  automatic  substation  equipments 
for  controlling  railway  units  of  various  sizes, 
both  synchronous  converters  and  motor- 
generator  sets. 


'  General  Electric  Review.  Feb?  1918.  p.  124. 


these  roads,  the  Philadelphia  &  Western 
Railway,  is  a  third-rail  system  connecting 
Philadelphia  and  Xorristown  and  operates 
34  miles  of  track.  The  entire  power  dis- 
tnbution  system  is  being  re-constructed, 
changing  the  frequency  from  25  to  60  cvcles, 
and  arrangements  have  been  made  for  the 
purchase  of  power.  Two 
new  substations  are  being 
constructed  and  re-located, 
and  a  third  substation 
equipment  is  being  in- 
stalled in  the  power  house. 
The  new  equipment  in- 
cludes seven  750-kw.  syn- 
chronous converters  to- 
gether with  transformers, 
switchboards,  and  signal 
power  equipment. 

Another  interesting  im- 
provement was  undertaken 
by  the  Cincinnati,  Law- 
renceburg  &  Aurora  Elec- 
tric Street  Railway,  ope- 
rating about  32  miles  of 
interurban  line  between 
Cincinnati  and  Aurora,  Ohio.  The  road  -was 
originally  operated  from  an  engine-driven 
direct-current  power  house  which  is  now 
being  replaced  by  two  automatic  railwav 
substations,  each  equipped  with  a  200-kw!, 
commutating-pole,  60-cycle  synchronous  con- 
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\iiltr,      I'ciwrr    will    Ik'    |nirrh;isc'<l    and    llif 
(ipi'ialidii  111  a  ])<)\vi.'r  liniisi'  dispriiscd  willi. 

Seven  new  up-lo-ilate  passenger  cars  were 
also  ])urchase(l,  eaeli  i'(|nip|)e(l  willi  fnnr 
Cili-^'iS  motors.  The  weij,'til  of  these  ears 
is  less  than  hall"  that  of  the  old  rollinj;  sloek. 
llierehyeultinK  the  power  consumption  in  two. 
The  full  lieneht  of  this  sax'iiiK  '><  rea'ized  !>>■ 
the  purchase  of  i tower,  thus  avoidinj;  the 
standby  and  li};ht  load  losses  entailed  in  the 
operation  of  an  isolated  i>ower  ])lanl. 

The  li^'hl-weij^hl  safety  ears  (I'^i^-  I  I) 
equii)i)ed  with  Gli;-2.'JS,  2.")-h.p.  motors,  K-iVA 
control  and  CP-^o  compressors  have  been 
most  po])ular  in  the  rei)lacement  of  older  and 
heavier  equijiment.  The  Winnipeg  Electric 
Ra  Iway  purchased  41)0  GE-2.'),S  motors  for 
use  on  K)(l  reconstructed  cars,  makinj;  thor- 
ouf;;hly  modern  equipments. 

The  GE-247,  4()-h.i).  motor  has  also  been 
a  favorite,  especially  in  the  vicinity  of  ship- 
yards and  other  war  industries.  Slore  than 
500  of  these  motors  have  been  furnished  for 
the  lines  running  to  Hog  Island  and  100 
motors  for  the  Philadelphia  Rapid  Transit 
in  the  city  of  Philadelphia. 

This  compan}-  also  purchased  400  GE- 
203-P,  oO-h.p.  motors  for  the  League  Island 
Navy  Yard  Line.  The  Boston  Elevated 
Railway  also  ordered  400  GE-247  motors  for 
use  on  city^  lines,  duplicating  a  previous 
order  for  the  same  number.  A  larger  part 
of  the  GE-247  motors  mentioned  are  operated 
with  Type  PC-o  control. 

In  the  rehabilitation  of  the  United  Traction 
Company's  equipment  in  Albany.  N.  Y.,  14 
two-motor  equipments  were  used.  The  motors 
are  GE-203-P.  .50  h.p.,  and  the  control  is  PC-9. 

Other  important  orders  are  as  follows : 

Twin  City  Rapid  Transit  Co.  200  GE-200  Motors 
New  York  Municipal  Railwav 

(making  a  total  of  1200) .  .    200  GE-248  Motors 
Capitol  Traction  Company  .  .      80  GE-247  Motors 
Washington  Ry.  &  Elec  Co. 
(Both     above     use     K-66 
control     for     2-car     train 

operation) 200  GE-200  Motors 

Newport  News   Sc   Hampton 

Rv.  &-  Lt.  Co 40  GE-247  Motors 

and     PC-5     Control 
(Fig.  12) 

72  GE-203-P  Motors 
and  K  Control 

264  GE-203-P  Motors 


Boston  Elevated  Railway 
(replacing  older  type) 

Sacramento  &  Northern  R.R. 
(Fig.  13)  


Miniiiu  unci  Induatriiil  Locoinotivei 

A  lO-ion  surface  hatilage  locomotive  (FIk. 
I  I)  which  is  ihe  heaviest  unit  of  its  Kaujjc 
.md  height  so  far  built,  was  placed  in  service 
bv  the  Urilaniiia  Mining  and  SinellinK  Co. 
It    ilhistrates    the   case   with    which  electric 


1  tiO-t  o  n  ,  600-v  o  1 1 
Elec.  Locomotive 

So.  Manchurian  Ry 4  56-ton,    1200-yolt 

Elec.  Locomotives 

Commonwealth  Edison  Co  .  .  1  60-t  o  n  ,  600-y  o  1 1 
Elec.  Locomotive 


Fig.  17.      Arrangement  of  Storage  Batteries  on  20-ton 
Locomotive 

haulage  locomotives  may  be  designed  to  give 
great  tractive  effort  under  exceptional  route 
limitations. 

At  20  per  cent  tractive  effort  (16,000  lb.), 
its  speed  is  seven  m.p.h.  and  as  it  has  to  pass 
through  a  relatively  low  tunnel  its  dimensions 
w^ere  necessarily  restricted.  Its  over-all  length 
is  31  ft.  S  in.;  width  (>  ft.  1  in.;  and  height 
over  cab  9  ft. 

The  largest  storage  battery  locomotive 
(Fig.  1.5)  w-as  placed  in  service  about  the 
middle  of  the  year.  It  is  a  25-ton  standard- 
gauge  double-truck  unit  and  is  used  for 
general  freight  car  shifting  (Fig.  16)  by  the 
Newport  News  Shipbuilding  and  Dr\dock  Co. 

The  200-volt  battery  (Fig.  17)  with  a 
capacity  of  630  ampere-hours  consists  of 
200  cells  arranged  100  in  series,  and  supplies 
current  to  four  series-wound  motors  which 
drive  through  single  reduction  gears;  series- 
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parallel  control  is  provided.  As  a  result  of 
the  satisfactory  service  secured  with  this 
locomotive  a  duplicate  was  recently  ordered 
and  is  now  under  construction. 

A  smaller  standard-gauge  storage  batterj' 
locomotive  rated  at  12  tons  (Fig.  IS)  and  used 


Fig.  18.     12-ton  Storage  Battery  Locomotivt  IKtdl-i  Yard 
Shifting  and  Provided  with  Special  Footboard 

for  yard  shifting  has  certain  unusual  features. 
The  two  series-wound  motors  drive  through 
single  reduction  gears  and  current  is  sup- 
plied by  a  450-ampere-hour,  160-volt  battery. 
Series-parallel  control  is  used  with  straight 
air  brakes. 


Around  the  frame  of  the  locomotive  there 
is  a  footboard  on  which  the  operator  can 
stand  or  walk  from  end  to  end  of  the  loco- 
motive platform.  It  is  therefore  easy  for 
him  to  not  only  run  the  locomotive  but  also 
to  throw  switches  when  required  without 
leaving  the  locomotive;  the  necessity  for  a 
switchman  being  thereby  avoided. 

Mine  Hoists 

Although  in  the  field  of  mining  as  in  so 
many  others  new  development  was  curtailed 
to  a  great  extent  to  allow  production  in  the 
greatest  possible  measure  with  existing  equip- 
ment, nevertheless  some  notable  electric 
hoist  installations  went  into  commission. 
These  are  found  especially  in  the  soft  coal 
fields  of  the  Middle  West. 

At  the  Middle  Forks  Mining  Company, 
Benton,  Illinois,  a  new  electric  shaft  hoist 
was  put  into  successful  ■  operation.  It  is 
driven  by  an  1150-h.p.,  450-volt,  direct-cur- 
rent motor,  the  armature  of  which  is  mounted 
on  an  extension  of  the  drum  shaft.  The 
motor  operates  on  the  Ilgner  Ward-Leonard 
system  receiving  power  from  the  alternating- 
current  supply  main  through  a  flywheel 
motor-generator  unit,  which  in  conjunction 
with    the    regulating    devices    equalizes    the 


Fig.  19.      Coal  Hoist  Driven  by  800-h.p..  350-1 
by  Ward-Leonard  System 


>.m.,  Direct-current  Motor  Through  Reduction  Gears  and  Controlled 
Synchronous  motor-generator  set  in  foreground 


soMi:  i)i'.\i:i.(ii'\ii;\"i's  in  'riii':  i;i.i;(  ikkai.  indis'ikv  i)LUi.\(i  mis 


I'.t 


|ici\Vtl'  ilrliiands.  'I'lir  ilrllKilliI  (Ml  llii'  :.\slfm 
is  in;nnl:iiiu'<l  In  an  a])i>r()xiin;iU'ly  uiiirnriii 
\aluc  til'  "lOM  kw.  clu^ill^;  ll^istiIl^;,  ;iltliini).;li 
the  ri'i|uiii'nu'iUs  of  llio  linisl  (hiring;  accelera- 
tion ajiiiroxiinate  ll'IKI  k\v. 

The  Vaiuhdia  ("oal  ('(inqiany  has  now  in 
rej^'uhir  service  tlirec  new  electric  hoists  at 
its  shafts  ii\  southern  Indiana.  All  o])erate 
on  I  he  Ward-Leonard  system,  the  motors 
of  the  ] lower  sets  in  those  cases  being  of  the 
synchronous  tyi)e,  no  (lywhecls  hcin^  used. 
Two  of  these  hoists  are  driven  I)\'  NOd-h.p., 
.SrjO-r.p.ni.,  SOO-volt  motors  (Fig.  l"<))  through 
herringbone  gearing,  and  the  other,  a 
converted  steam  hoist,  by  a  GTo-h.p.  geared 
motor  at  4{)()  r.p.m. 

An  installation  of  especial  interest  now 
nearing  completion  is  that  of  the  Chicago, 
Burlington  &  Quincy  Railway  at  its  mine  at 
Valier,  IlHnois.  A  l.'ifiO-h.p.  motor  direct- 
coujiled  to  the  drum  shaft  will  drive  this 
hoist  and  will  receive  its  power  through  a 
flywheel  motor-generator  set.  The  unique 
feature  of  the  control  consists  in  its  semi- 
automatic character.  The  trij)  is  started  by 
a  man  at  the  bottom  of  the  shaft  by  throwing 
a  control  lever,  and  slowed  down  and  stopped 
automatically  at  the  duni]).  This  installation 
is  noteworthy  also  from  the  fact  that  the  coal 
is  hoisted  in  a  specially  designed  skip  of 
22, ()()()  lb.  capacity,  instead  of  in  cars,  as  is 
the  usual  manner. 

Among  the  large  hoist  equipments  placed 
on  order  during  the  year  may  be  mentioned 
that  for  the  AIcKimiey  Steel  Co.,  for  main 
and  supply  shaft  hoists  at  its  iron  mine  near 
Bessemer,  Mich.  The  equipment  for  the 
main  hoist  will  consist  of  a  1600-h.p.,  direct- 
coupled  motor  at  SO  r.p.m.  with  a  1000-kw. 
flywheel  motor-generator  set,  the  wheel 
weighing  approximately  45  tons.  The  supply 
hoist  will  be  operated  by  a  400-h.p.,  2200-volt, 
three-phase,  slip-ring  induction  motor.  This 
equipment  when  installed  will  be  the  largest 
electrically  operated  hoist  in  the  northern 
iron  country. 

Mine  Pumps 

A  mine  pump  equipment  of  exceptional 
capacity  was  under  construction  for  the 
Randfontein  Central  Gold  Mining  Company, 
South  Africa.  It  consists  of  four  units  for 
installation  underground,  each  comprising  a 
centrifugal  pump  in  two  sections  driven  by  a 
direct-connected,  IToO-h.p.,  1500-r.p.m.,  2000- 
volt,  slip-ring  induction  motor,  a  section  of 
the  pump  being  on  either  side  of  the  motor. 
Each    unit    will    have    a    capacity    of    1200 


j'.illoiis  of  water  \n-r  iiiiiiulc  against  a  total 
head  of  2fiO()  feet,  whicli  c»jrrcs]joii(ls  U> 
aiijiroximalely  7,0()0,()()()  gallon.t  of  water 
jier  21-hoiir  (lay  for  the  eiitirtr  e(|uipmi-nl. 

Oil  WcIU 

There  was  a  rai)id!y  increasing  adopticm 
of  oil  well  motors  in  California,  where  their 
use  had  long  been  established;  and,  in 
addition,  there  was  evidence  that  interest  in 
the  subject  of  ejeelrificalion  had  been  jjar- 
ticularl\'  arousi-d  in  the  mid-continent  and 
Ciulf  c(jast  oil  fields. 

As  a  notable  indication  of  this  movement 
the  Kmi)ire  Gas  (.S:  Fuel  Co.,  one  of  the  largest 
producers  in  Kansas  and  Oklahoma,  after  an 
extended  survey  of  its  oiteraling  conditions 
in  Kansas  jjlaced  an  order  for  700  equij)ments 
to  be  added  to  25  or  .'JO  which  had  jtreviously 
been  secured,  and  the  work  of  installation  is 
now  in  progress.  Although  the  total  number 
of  oil  well  motors  already  in  operation 
numbers  several  thousand,  this  is  the  largest 
electrification  so  far  attempted  by  any  oil 
company  in  this  country. 

Many  other  oil  companies  now  desire  to 
electrify  extensively,  but  are  unable  to  do  so 
because  of  the  lack  of  available  power. 
The  central  stations,  though  they  are  alive 
to  the  possibilities  and  have  made  plans  for 
large  extensions,  are  at  present  obliged  to 
hold  the  latter  in  abeyance  because  of  the 
financial  conditions  produced  bj'  the  war. 
These  limitations  are  of  course  only  tempo- 
rary. 

Recently,  the  United  States  Fuel  Adminis- 
tration has  evinced  an  active  interest  in  the 
electrification  already  completed,  and  is  now 
conducting  a  careful  investigation  through 
its  Bureau  of  Oil  Conser\-ation  to  determine 
whether  this  form  of  drive  shows  material 
economies  in  oil  production  and  fuel  con- 
sumption. 

Steel  Mills 

A  novel  electric  drive  was  designed  for 
operating  a  1200-ton  hydraulic  bloom  shear. 
This  type  of  shear  ordinarily  derives  its 
power  from  a  steam-driven  h>'draulic  inten- 
sifier.  Since,  however,  in  the  Fairfield  Works 
of  the  Tennessee  Coal,  Iron  &  Railroad 
Company  no  high-pressure  steam  would  be 
available  except  by  means  of  a  boiler  plant 
which  would  have  to  be  maintained  especially 
for  this  shear,  it  was  decided  to  use  electric 
power. 

A  rolling  mill  type  reversing  direct-current 
motor  having  a  continuous  capacity  of  700 
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Fig.  20.      Double  Unit  Reversing  Blooming  Mill  Motor  foi 
50   120-r.p.m.,  600-; 

h.p.  at  S6  r.p.m.  and  good  for  momentary 
loads  of  350  per  cent  is  cou]3led  to  a  pinion 
meshing  with  a  rack  which  drives  the  inten- 
sifier  plunger  forward  and  reverse.  Power  is 
supplied  by  a  flywheel  motor-generator  set 
with  the  customary  liquid  slip  regulator  for 
equalization  of  the  alternating-current  input. 


nbull  Steel  Co.      Two  2500-h.p., 


The  control  is  Ward-Leonard  but  of  a 
special  tj-pe.  Extremely  rapid  acceleration 
and  retardation  must  be  provided,  as  under 
the  worst  conditions  of  operation  the  motor  is 
required  to  accelerate  to  full  speed,  run  for 
about  one  half  second  at  full  speed,  and 
retard  to  rest,  all  in  2Vo  seconds.     The  control 


Fig.  21.      Flywheel  Motor-generator  Set  for  Bio 
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systfin  piiiviili's  also  "ilistaiic-i'  cumIiciI." 
VVlu'ii  till'  shear  iiiuraliu'  tlirows  liis  k'\'i'r  a 
certain  distanci'  in  iiiiu'r  diri'diim  tlic 
shear  will  nii)\'i'  Ihronnh  a  ))n)|i()rtii)nal 
dislanrc  ami  will  sloj)  autnniatically  al  a 
position  whu'h  corresponds  to  tlii-  operator's 
lever. 

It  is  inlerestiu);  to  noli'  thai  tlu'  niaxinuini 
travel  of  tlu'  intensilier  ram  retiuires  a  total 
of  onl\'  approximately  three  and  one  hall' 
re\()lntions  of  the  motor  armature. 

The  elect  rieal  c(|uiiiment  driving  the  ."{(i- 
in.  reversinj;  blooming  mill  al  the  i)lant  of 
the  Trumbull  Steel  Comjjany  at  Warren, 
Ohio,  was  jnit  in  oiicration  in  June  and  has 


has  (iintnnied  to  n've  sulisfaclrjry  Hcrvicc. 
I)urin>,'  the  month  of  Muy  this  mill  rolled 
iipiiroxiinutely  21,000  tons  of  (inishcii  j)lates 
al  a  remarkably  low  power  eonsumjjtion  per 
Ion. 

Durinj.;  the  year  there  was  added  apjjrox- 
imalil\-  ;{."), 000  (normal  continuous  rating) 
to  the  exist int;  ca])acity  of  main  roll  drives 
insl;dle<I  by  the  ("leneral  Klectric  Comi)any. 

Cranes 

A  :{.")(.'-ton  hammer  head  crane  of  such 
>,'i},'anlic  i)roporlions  as  to  overshadow  all 
])revi<)us  structures  of  this  type  was  designed 
for   shipyard    use,   and    the  equipment   was 
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Fig.  22.     350-ton  Shipyard  Cr 


;  Drawn  to  Scale  in  Comparison  with  Well-known  Objects  and  Ma 
of  This  Type  Previously  Constructed 


been  in  successful  operation  since  that  time. 
This  equipment  has  a  double-unit,  main-roll 
motor  having  a  normal  continuous  capacit}- 
of  5000-h.p.  (Fig.  20)  and  a  momentary  torque 
capacity  of  2,000,000  lb.  at  one  foot  radius. 
Power  for  this  reversing  motor  is  derived  from 
a  flywheel  motor-generator  set  (Fig.  21)  con- 
sisting of  two  200()-k\v.  generators,  one 
3000-h.p.  induction  motor,  and  one  50-ton 
flvwheel. 

'The  4000-h.p.,  S3-r.p.m.,  6600-volt  mill 
motor  with  110,000-lb.  flywheel  which  drives 
the  3(3  by  110  in.,  three-high  plate  mill. 
known  as  the  Liberty  Mill,  at  the  plant  of  the 
Carnegie  Steel   Company,   Homestead,   Pa., 


under  construction  and  nearing  completion 
at  the  close  of  the  year. 

Its  general  dimensions  as  indicated  in 
Fig.  22  are:  maximum  height  from  base  to 
top  of  machinery  house,  230  ft.;  length  of 
boom,  300  ft. ;  hoist  of  block,  170  ft. ;  minimum 
radius,  41  ft.;  maximum  radius  of  the  50-ton 
block,  190  ft.,  and  of  the  350-ton  block,  115  ft. 

More  than  3300  tons  of  steel  will  be  used 
in  the  completed  crane,  including  about 
2500  tons  of  structural  steel,  a  330-ton 
counterweight,  and  about  35  tons  of  electrical 
apparatus. 

The  main  hoist  is  divided  into  two  duplicate 
units,  .each  of  175  gross  tons  capacity,  which 
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can  be  coupled  when  the  full  hoisting  capacity 
of  350  gross  tons  is  desired.  The  crane  is 
electrically  operated  and  controlled  through- 
out. 

An  indication  of  the  size  of  the  machines 
provided  for  the  operation  of  the  crane  is 
found  in  the  machinery  house,  located  at  the 
rear  of  the  boom  (Fig.  22)  which  is  equipped 
with  a  35-ton  overhead  three-motor  traveling 
crane  for  handling  the  machinery  during  its 
installation  and  for  subsequent  repair  or 
replacement  work  if  required. 

The  main  hoists,  acting  either  indepen- 
dently or  coupled  together,  have  a  full-load 
hoisting  speed  of  2.5  ft.  per  minute  and  a 
no-load  speed  of  10  ft.  per  minute.  Each 
main  hoist  unit  is  driven  by  an  87-h.p. 
motor  equipped  for  magnetic  and  dynamic 
braking. 


has  overload  and  low-voltage  releases  con- 
nected in  each  motor  circuit. 

The  solenoid  load  brake,  developed  for 
alternating-current  crane  motors,  constitutes 
an  important  advance  for  this  class  of 
apparatus,  as  a  brief  retrospect  will  show. 

vSome  ten  years  ago,  there  was  one  general 
type  of  crane  hoist  mechanism.  It  made 
use  of  an  electric  motor  with  a  solenoid 
brake  on  its  shaft  and  a  mechanical  load 
brake  in  between  the  motor  and  the  drums. 
The  mechanical  load  brake  acts  as  a  coupling 
when  a  load  is  being  hoisted;  but  when  a 
load  is  being  lowered,  some  ratchets  drop 
into  place  and  cause  the  mechanism  to 
operate  as  a  brake.  Springs  and  screws 
inside  of  the  device  are  so  arranged  that  it  is 
necessary  for  the  motor  to  drive  'downward 
in  order  for  either  a  load  or  an  empty  hook 


General  View  of  Power  Station  and  Coal  Handling  Equipment  of  the 
Baltimore  Consolidated  Gas,  Electric  Light  &  Power  Co. 


The  two  main  trolley  motors  are  each 
rated  at  273^  h.p.  and  have  drum  control, 
giving  a  maximum-load  travel  speed  of 
12  ft.  per  minute  and  a  no-load  speed  of 
100  ft.  per  minute.  When  both  of  the  main 
hoist  drums  are  used  as  a  unit,  the  trolley 
drums  are  also  coupled  together;  and  as  each 
pair  of  motors  is  thereby  mechanically  con- 
nected, the  master  controllers  of  each  pair 
are  provided  with  a  mechanical  coupling  to 
insure  the  synchronous  operation  of  the 
motors  and  equal  division  of  the  load. 

The  auxiliary  hoist  and  trolley  have  each 
a  single  driving  motor  of  the  same  capacity 
as  one  unit  of  the  main  hoist  and  trolley, 
and  their  control  is  identical.  The  slewing 
motor  is  rated  at  87  h.p.  and  is  provided 
with  magnetic  braking  only. 

Protection  for  the  electrical  equipment  is 
insured  by  means  of  a  panel  board  which 


to  be  lowered.  All  of  the  potential 'energy 
which  comes  out  of  a  body  being  lowered 
goes  into  the  mechanical  load  brake  in  the 
form  of  heat  and,  in  addition,  some  energy 
from  the  motor  shaft  also  goes  into  the 
mechanism. 

Subsequently,  on  direct -current  cranes, 
this  mechanical  load  brake  was  very  largely 
superseded  by  a  S3'stem  which  makes  use  of 
dynamic  braking  on  the  motor  and  a  solenoid 
brake  on  the  motor  shaft.  With  this  system, 
when  a  load  is  to  be  lowered  and  retarded, 
all  of  the  energy  is  dissipated  in  rheostats. 
The  only  friction  wear  on  the  brake  comes 
when  the  motor  is  to  be  retarded  from  about 
25  per  cent  of  full  speed  to  zero;  also  when 
the  motor  is  to  be  stopped  after  hoisting. 

During  1918,  the  General  Electric  Company 
brought  out  for  use  with  alternating-current 
crane   motors    a   system   which    corresponds 


SoMl 
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vcr>'  cldsilN  111  ilic  (Isnamic  braking;  system. 
A  solriitiid  Id.iil  liriiki-  is  usi-d,  Tliis  is  a 
(lo\ii'i'  which  win  tup  a  inotof  in  rxaclly 
the  samr  iiKiniur  as  an  ordinary  soli'iKiid 
braki.',  hut  tan  lie  tni  I'ni/.i'il  from  tlif  primary 
and  secondary  circuits  ol'  tiic  in(hiction  motor 
in  such  a  way  as  to  jjivc  hrakiuK  action  whicli 
is  responsive  to  tlie  speed  of  the  motor  in  the 
same  way  that  ilirect -current  il>-namic  braking; 
is  responsive  to  the  speed  of  the  motor. 
Thus,  a  load  or  an  emjtty  hook  is  lowered 
by  means  of  regenerative  brakinjj;  at  full 
speed  without  involving;  any  friction  wear, 
and  is  stO])i)ed  and  landed  l)y  means  of  the 
solenoid  load  brake. 


particular  .service  in  thai  the  <'(>nlrol  for  the 
iioist  motor  is  located  near  the  center  of  the 
slorav;c  pile  and  I'-'li  ft.  from  the  lu-ad  tower 
in  which  the  hoisting;  ap]>aratus  is  housed. 

The  stationary  head  tower  is  210  ft.  hi^jh 
and  the  travelinj;  tail  tower,  which  is  \K>  ft 
liij.;h,  ])ermits  the  bucket  cm  the  cable  to 
reach  any  part  of  the  roughly  trian^;ular 
stnrajje  area.  The  conveying  sjjeecl  is  about 
1  1(10  ft.  i)er  minute  and  tlie  wei^;ht  of  the 
bucket  when  i'ini)t\-  is  about  S.")00  lb.  and 
when  full  somewhat  over  1  1,000  lb. 

A  loO-h.]).,  '14()-volt,  25-cycle^motor  is  used 
to  drive  the  hoist  through  air-actuated 
clutches  which  are  controlled  by  means  of 


Fig.  23a.     Perspective  of  Cableway  and  Coal  Storage  for  the  Power  Station  Shown  in  Fig,  23 


This  system  has  already  greatly  extended 
the  usefulness  of  alternating-current  crane 
motors,  because  it  eliminates  one  of  the  most 
objectionable  features  on  alternating-current 
cranes,  viz.,  the  mechanical  load  brake. 
This  is  especially  true  of  cranes  which  are 
required  to  do  a  large  amount  of  work,  such 
as  loading  cranes. 

Cable  ways 

In  order  to  secure  rapid  and  economical 
service  in  storing  and  handling  coal,  the 
Baltimore  Consolidated  Gas,  Electric  Light 
and  Power  Co.  installed  an  electrically 
operated  cableway  (Figs.  23  and  23a)  about 
1000  ft.  in  length,  which  is  unusual  for  this 


solenoid  operated  valves.  The  friction  brakes 
are  similarly  air  operated  and  electrically 
controlled. 

Serving  the  coaling  tower  in  which  the 
cableway  control  is  located  is  a  motor-driven 
coal  hoist  for  unloading  barges,  which  iz"oi 
special  interest  in  that  it  attains  a  hoisting 
speed  considerably  in  excess  of  that  secured 
by  any  steam  or  electric  hoist  heretofore 
used.  This  hoist  handles  a  two-ton  bucket 
with  a  vertical  lift  of  115  ft.,  and  gives  three 
round  trips  per  minute. 

Winches 

Twenty  equipments  for  kite  balloon  winches 
W'Cre    under    construction,    each    consisting 
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of  a  50-h.p.  series  motor  with  drum  con- 
troller, resistor,  and  protective  panel.  These 
winches  are  to  be  installed  on  battleships 
for  towing  kite  balloons  for  observation 
purposes. 

On  account  of  extreme  variation  in  rope 
stress,  due  to  variable  towing  speeds  and 
winds,  a  fine  control  over  wide  load  ranges  is 
necessary.  Also,  the  control  must  be  very 
flexible  to  compensate  for  the  pitching  of  the 
vessel  in  a  heavy  sea. 

A  drum  controller  with  20  points  is  used, 
the  first  ten  of  which  give  torque  variations 
from  about  15  to  100  per  cent  of  full-load 
motor  torque,  and  these  points  will  be  used 
to  give  back  torque  braking  to  balance  the 
rope  pull  after  the  balloon  has  reached  the 
reqilired  elevation. 

The  winches  are  of  very  special  design, 
as  they  must  accommodate  several  thousand 
feet  of  rope  which  must  be  led  to  the  winch 
through  a  small  hole  in  the  deck.  This 
requires  strain  pulleys  which  take  in  the 
rope  and  feed  it  to  a  storage  drum,  on  which 
the  rope  is  evenly  wound  by  a  mechanical 
spooling  device.  This  storage  drum  is  de- 
signed for  rapid  removal  for  making  quick 
changes  in  the  cable.  The  cable  also  carries 
telephone  wires  for  communication  purposes. 

The  increasing  use  of  electric  equipment  for 
docks,  warehouses,  etc.  was  indicated  by  an 
order  for  62  duplicate  alternating-current 
winch  equipments,  each  consisting  of  a 
30-h.p.  slip  ring  motor,  solenoid  brake,  drum 
controller,  resistor,  and  protective  panel 
to  be  used  on  cargo  winches  installed  at 
the  various  quartermasters'  terminals  being 
built  by  the  government  at  the  various  ports. 
They  will  be  used  for  handling  miscellaneous 
package  freight  up  to  about  3000  lb.  in  weight. 

Four  direct-current  control  equipments  of 
novel  design,  also  for  tise  on  cargo  winches, 
are  being  built.  They  consist  of  a  solenoid 
brake,  contactor  panel,  resistor,  master  switch, 
and  also  a  double  portable  master  switch 
for  each  two  equipments.  The  main  master 
switch  with  each  equipment  will  be  mounted 
along  with  the  remainder  of  the  control 
equipment  on  the  winch  bedplate  so  that 
the  winch  can.  be  operated  singly  by  this 
controller  when  desired. 

There  is  also  a  socket  on  the  winch  bed- 
plate in  which  a  plug  can  be  inserted  which 
connects  the  portable  master  controller  to 
the  winch.  When  this  is  done,  a  mechanical 
interlocking  device  locks  the  stationary 
master  switch  on  the  winch  in  the  off  position 
so  that  it  is  inoperative. 


The  portable  switch  is  on  the  end  of  a  100 
ft.  length  of  cable,  which  cable  contains 
control  wires  for  two  winches.  This  cable  is 
devided  into  two  sections  at  the  winch  end 
so  that  it  can  be  connected  to  two  winches  at 
once.  The  portable  switch  has  separate 
operating  handles  for  each  winch,  so  that 
one  operator  can  control  two  winches  at  the 
same  time,  which  is  very  desirable  when 
handling  cargo  by  the  two-rope  method, 
which  is  most  commonly  used.  The  portable 
controller  enables  the  operator  to  walk  from 
the  side  of  the  ship  to  the  hatch  and  thus 
be  in  sight  of  his  load  at  all  times.  This 
facilitates  the  work  and  dispenses  with  one 
winch  man  and  a  signal  man. 

Package  Handling  Machinery 

The  use  of  electrically  operated  machinery, 
such  as  storage  battery  tractors  and  trucks 
and  portable  conveyors  and  elevators,  for 
handling  package  freight  around  warehouses, 
transfer  yards,  piers,  etc.,  was  slowly  increas- 
ing prior  to  the  war,  but  when  compared  with 
previous  years,  the  increase  in  this  class  of 
equipment  for  1918  is  very  marked,  and  is  due 
largely  to  the  drastic  labor  shortage  and 
increasing  cost  of  such  labor  as  was  available, 
combined  with  a  growing  appreciation  of  the 
economy  inherent  in  a  system  of  handling 
quantities  of  small  packages  by  machinery. 

A  number  of  railroad  transfer  yards  were 
provided  with  electric  storage  battery  trac- 
tors which  are  used  for  pulling  four-wheel 
trailers.  These  tractors  superseded  an  ex- 
pensive, slow,  and  frequently  congested 
system  which  utilized  hand  trucks  and  direct 
manual  labor. 

Industrial  Heating 

The  present  construction  of  both  the 
vertical,  cylindrical,  and  horizontal  high- 
temperature,  heat-treating  furnaces  involves 
the  use  of  heating  units  of  heavy  calorite 
ribbon  wound  up  and  down  vertically  over 
insulator  spools  which  are  supported  between 
two  horizontal  channels  running  along  the 
walls  of  the  furnace.  These  channels  are 
held  together  by  spacing  studs  and  bolted 
to  vertical  columns  imbedded  in  the  fire  brick 
furnace  lining.  The  channels,  vertical 
columns,  and  all  bolts  and  nuts  must  be 
made  of  a  metal  which  will  not  oxidize  at  the 
temperatures  involved. 

While  this  construction  has  in  general 
given  satisfaction,  the  cost  of  the  equipment 
is  somewhat  high,  due  to  the  large  amount  of 
calorite   required   for   the   supporting   frame 
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Fig.  24.     Arrangement  of  Furnace  for  Tcmpcmtures  up  to  1800  dcg.  F. 


work.  A  new  method  of  construclion  was 
therefore  develojjed  in  whicli  all  metal 
supports  were  eliminated,  thereby  materially 
reducinj^  the  cost  of  the  equi])ment  and  at  the 
same  time  simi)lifying  it. 

In  connection  with  the  changes  in  the 
construction  of  high-temperature  furnaces, 
there  was  developed  a  special  line  of  furnaces 
in  which  the  heating  chamber  is  of  a  semi- 
circular cross  section.  This  permits  of  lining 
the  arch  of  the  furnace  with  ribbon  windings 
which  are  curved  edgewise,  each  convolution 
being  spaced  three  quarters  inch  from  the 
adjacent  windings.  In  this  way  the  work 
receives  directly  radiated  heat  from  all  points 
except  from  that  immediately  below  where 
the  work  rests  on  the  furnace  floor.  Also,  by 
making  the  inside  of  the  furnace  in  the  shape 
of  a  semi-circle  (Fig.  24),  the  furnace  being 
lined  with  a  high-quality  refractory  ma- 
terial,   the    heat  is  radiated   from   all   parts 


of  the  furnace  cxcejjting  the  base  very 
uniforml\-  and  at  the  highest  efficiency  ob- 
tainable. 

These  furnaces  can  be  made  in  shapes  which 
will  take  care  of  the  many  diflferent  kinds  of 
work  and  will  perform  all  the  heat-treating 
o]jerations  which  require  temiperatures  up  to 
1 SOO  deg.  F.  The  temperature  in  any  of  these 
furnaces  must,  of  course,  be  automatically 
controlled;  this  is  accomjjlished  by  means  of 
s]X'cial  instruments  which  both  record  and 
control  the  temperature  of  the  work  and 
the  ribbon  within  very  close  limits. 

A  tilting  type  of  electric  brass  furnace, 
which  is  shown  in  Fig.  25,  has  been  in  con- 
stant service  for  over  a  year  and  is  used  for 
melting  very  dirty  scrap  alloys.  This  par- 
ticular furnace  is  of  3(JU-kw.  capacitv  and 
will  melt  approximately  1.300  lb.  of  brass  per 
hour.  Unit  equipments  of  this  type  have 
been  designed  for  operation  on  either  three- 


Fig.  25.      1500-lb.  Electric  Brass  Furnace 
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phase,  two-phase,  or  single-phase  circuits  in 
capacities  from  600  to  5000  lb. 

Heat    is    generated    in    the    furnace    by 
providing  on  either  side  a  trench  with  carbon 


Fig.  26.      Section  of  Cylindrical  Shrinking  Furnace 

electrodes  extending  from  the  front  to  the 
back  of  the  furnace;  through  the  roof  of  the 
furnace  on  either  side  there  are  two  graphite 


electrodes  nearly  making  contact  with  the 
cross  electrodes,  just  sufficient  space  being 
maintained  by  means  of  automatically  con- 
trolled motors  operating  the  electrodes  to 
maintain  a  proper  arc  between  the  vertical 
and  cross  electrodes. 

The  cross  electrodes  and  the  lower  end  of 
the  vertical  electrodes  are  buried  in  car- 
bon or  coke,  ?4-in.  m.esh,  thereby  producing 
a  combination  muffled-arc-resistance  furnace. 
The  charge  is  heated  by  the  conduction  of 
heat  through  the  bridge  wall  of  the  hearth 
and  by  the  heat  radiated  from  the  carbon 
bed  to  the  arch  of  the  furnace,  and  in  turn 
reflected  to  the  charge  as  in  the  ordinary 
re^'erberatory  furnace. 

This  type  of  furnace  has  given  excellent 
results,  among  which  may  be  cited  uniformity 
of  metal,  low  metal  loss,  and  an  over-all 
economy  exceeding  that  of  the  pfesent-day 
fuel  furnaces. 

Repeated  tests  have  shown  that  by  means 
of  the  automatically  maintained  current  input, 
overheating  is  avoided  and  standard  alloys 
have  been  readily  made, in  the  electric  brass 
furnace  with  a  loss  not  exceeding  three 
quarters  of  one  per  cent.  These  same  alloj^s 
have  then  been  remelted  with  metal  losses 
not  exceeding  one  half  of  one  per  cent. 
These  losses,  of  course,  are  based  upon  a  full- 
capacity  charge  in  the  furnace. 


Fuel  Price 

Fuel  Quantity  per  ton 
Metal  Loss— "(Zn)  .  .  .  . 
Zinc  Value .  .  .  . 


\]/i  c.  per  kw-hr. 
400-700  kw-hr. 
1.5  % 
10  cents  per  lb. 


9.8  c.  per  gal. 
50  per  gal. 
6% 


$9.75  per  ton 
1200  lb. 
3% 


TABLE  II 
COST  PER  TON— TWENTY-FOUR  HOUR  DAY 


Electricity 

Oil                                     Coke 

400  kw-hr.  C  1 M 

$5.00 
3.00 

.50 
.50 

$4.90 
12.00 

.50 

50  gal.  oil  at  S0.098  per  gal 

1200  lb.  coke  at  $9.75  per  ton 

$5.85 

6.00 

Crucible  cost  per  ton 

Renewals  and  repairs  to  furnace 

Electrodes  and  coke 

5  lb.  coke  and  4.5  lb.  graphite 

8.00 

Cost  per  ton  (24-hr.  day) 

Cost  per  ton  (dirty  scrap)  10-hr.  day 

$9.00 
12.75 
10.25 

$17.40 
17.40 
17.40 

$19.85 
19.85 
19.85 

soMic  i)i;\i';i.(ii'Mi;,\Ts  in  tiiI';  iCLia'i'kicAi.  ixdustky  durinc  wuh     27 


Tulilo  II  K'^*^'^  I'li^'  t'osts  of  IlK•lliIl^,'  brass 
(1)5  ]ii"r  c't'iit  c'<)])|)i'r  ;m<l  It.")  |)i.T  I'l-iil  zinc) 
under  avcrajjo  opcraliii),'  cDiiditions  in, 

An  fk'ftric  furnace  as  outlined  above. 


(I) 


An  oil-l 
A  coke- 


Uirnaee. 
furnact 


The  metal  was  poured  ai  1  Kill  dej;.  C.  and 
the  comjiarison  is  based  on  I  he  fijjures  >^ivcn 
in  Tal)le  I . 

The  type  of  vertical  cylindrical  furnace 
which  was  desij^ned  orij^inally  for  use  in  the 
shrinking  processes  in  the  manufacture  of 
guns  has  also  been  adojjled  for  similar 
commercial  work  on  shafts  and  cou])lings, 
shrinking  tires  on  metal  wheels,  etc. ;  and 
during  the  past  year  it  was  evoh'cd  into  a 
fully  standardized  product. 

The  internal  con.struction  and  the  arrange- 
ment of  the  heating  units  are  shown  in 
Fig.  2G.  Furnaces  consisting  of  more  than 
one  section  are  usually  ecjuiiJi^ed  with  a 
simple  hand  control  which  permits  bringing 
the  charge  up  to  temperature  at  a  uniform 
rate  throughout  the  length  of  the  furnace; 
the  maximum  temperature  being  1000  deg.  F. 


Fig.  27.     Electric  Rivet  Heater  Rear  View 
Showing  Switchboard  Equipment 

When  a  one-section  furnace  is  used,  it  is 
ordinarily  provided  with  automatic  control, 
but  this  sj'stem  may  also  be  utilized,  if 
desired,  for  furnaces  of  two  or  more  sections 
by  means  of  a  master  controller. 

The  ordinary  means  of  heating  rivets,  such 
as  the  coke  forge  and  oil  or  gas  furnace,  are 


far  from  satisfactory,  involving  the  Iraas- 
])ortation  or  i)iping  of  fuel,  the  attention 
and  lime  necessary  for  securing  and  reguiatinfc 
the  desired  heat,  and  the  large  loss  of  rivets 
due  to  overheating,  sealing,  welding  together, 
etc.  These  c(jn{iilions  tend  to  make  the 
present  method  both  costly  and  inellieient. 


Fig.  28.      Electric  Rivet  Heater.  Front  View, 
Showing  Rivet  Holding  Jaws 

Recognizing  the  potential  value  of  a  rivet 
heater  which  would  be  efficient,  economical, 
easy  to  operate,  portable,  and  self-contained, 
there  was  developed  a  heater  of  the  series 
conduction  type  which  not  only  fulfills  these 
conditions  but  heats  the  rivets  in  such  a  man- 
ner that  the  shank  is  hotter  than  the  head, 
and  as  the  result  a  more  perfect  upset  of  the 
rivet  is  obtained  without  marring  the  head. 

This  electric  rivet  heater  (Figs.  27  and  28) 
consists  of  a  cast  frame  having  a  transformer 
mounted  on  the  base,  surmounted  by  a 
water  tank  for  cooling  purposes  and  a 
series  of  water-cooled  jaws  supported  in  a 
vertical  line  in  front.  On  the  back  of  the 
frame  is  a  switchboard  which  contains  a  main 
line  switch,  fuses,  and  a  special  swivel  switch. 
The  upper  and  lower  jaws  are  connected  to 
the  secondary  of  the  transformer  and  all 
are  adjustable  to  accommodate  rivets  of 
different  lengths. 

The  cooling  of  the  rivet-holding  jaws  is 
accompUShed   by   means   of   a   cooling   tank 
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which  is  mounted  on  the  frame  and  has  rubber 
hose  connections  to  the  jaws  which  are 
hollow.  This  permits  a  free  circulation  of 
water  through  the  jaws  and  prevents  them 
from  becoming  overheated.  On  continuous 
eight-hour  day  operation,  it  is  only  necessary 
to  replenish  the  water  in  the  cooling  tank 
once. 


The  adjustment  of  the  jaws  to  take  care 
of  different  size  rivets  is  accomplished  very 
simply  as  they  operate  on  the  principle  of  a 
rack  and  pinion;  the  adjustment  being  made 
on  the  bottom  jaw  first  and  then  on  each 
successive  one  to  the  top. 

When  the  current  passes  through  the 
rivets  it  heats  them  from  the  inside  oiit,  and 


Fig.  29.      2775-kv-a.,    12,000/190- 

volt,  Single-phase,  Water-cooled 

Transformer 


Fig.  30.      External  View  of  2775-kv 
Transformer  Shown  in 
Fig.  29 


The  rivets  are  placed  in  series,  one  between 
each  pair  of  jaws,  thus  closing  the  transformer 
secondary.  Taps  from  the  primary  coil  are 
brought  out  to  the  swivel  switch  on  the  back 
of  the  frame,  giving  different  voltages  across 
the  secondary.  As  the  secondary  voltage  is  low, 
there  is  no  danger  of  shock  to  the  operator. 


each  time  a  rivet  is  removed  and  a  new  one 
inserted  the  circuit  is  broken,  thereby  allow- 
ing the  other  rivets  to  soak  and  receive  an 
even  distribution  of  heat.  No  time  is  lost  in 
waiting  for  the  heater  to  be  brought  up  to 
temperature,  as  production  begins  imme- 
diately after  throwing  on  the  power. 


TABLE  III 

RIVET  HEATER  CAPACITIES 


Number  Jaws 

Rivet 

ESTIMATED    RIVETS    PER 

HOUR 

Kv-a. 

Diameter 

Length 

Max.  Rate 

Mi 

n.  Rate 

6 

M-M 

H-2 

250  (^  X  1^) 

75 

(J^xl-1) 

12 

4 

y^% 

M-2 

360  (3/8  X  M) 

100 

(5^x2) 

18 

4 

Ys-Vs 

M-2 

450  (?/,  X  M) 

125 

(^X2) 

18 

4 

M-1 

M-2 

260  {%  X  M) 

100 

(1x2) 

30 

3 

Vi-i 

lH-6 

450  (}-^  X  Yi) 

100 

(1x6) 

30 

4 

Vi-iVA 

1-6 

300  {%  X  1) 

125 

(lJ€-6) 

soMi:  i)i:\i':i.()i'Mi;.\'rs  i\  tiiI';  MiJCcrkicAi.  iM)is'rk\'  dikinc  nns     -m 


It  is  ;i  coiiiiiaial  i\rl\-  sim|ilt'  mattiT  to 
move  Ihi-  rivoi  lu-alrr  rnnii  ]>(iiiil  lo  poiiil 
as  constnu'tiim  proci't'ds,  as  it  is  sclf-coiitaiiu'd 
and  hut  two  k-ad  wiii's  art'  ri-(ntirfd  to  supply 
ener)iy  to  it. 

Table  III  kivi'^^  ;iii  nut  line  of  ilu'  various 
sizes  of  eleclrie  ri\et  healers  now  available; 
the  last  two  columns  show  the  estimated 
number  of  rivets  ])er  hour  that  the  dilTerent 
sizes  of  heaters  will  handle.  The  luiniher 
will,  of  course,  be  alTected  by  the  comijosiiion 
of  the  rivets  and  any  variation  which  ma\- 
occur  in  the  line  voltaj^'e. 


before  the  end  of  July.  Incidentally,  these 
transformers  ;ij.;^;re^;;ilinj^'  more  than  l()f),(M)() 
kv-a.  in  capacity  conslilute  the  la^^;est  sin^;le 
installation  of  furnace  transformers. 

The  increase  in  the  number  and  size  of 
electric  furnaces  is  indicated  by  the  number 
of  lar^e  transformers  desijjned  and  under 
construction  for  this  service.  These  include 
eij,'ht  7.")(H)-kv-a.,  I2.')()0  KiO-volt;  twenty- 
live  .').')( )(l-kv-a.,  (iCOOO  i:{2()()-volt,  and  seven 
L'(MI(»-kv-a.,  1:5200,  2;«H)-volt,  sinjjle-phase.  (iO- 
eycle,  water-cooled  units,  all  of  the  circular  coil 
construction    with    disk    windin>,'s   assemljled 


Fig.  31.     AUemating-current  Tem- 
perature Indicator 
(Front  Viewl 


Fig.  32.      Alternating 
Temperature  Indicat 
(Rear  View) 


Transformers 

A  typical  instance  of  the  intensified  produc- 
tion of  transformers  during  1918  is  found  in 
an  order  for  37  large  units  (Figs.  29  and  30)  to 
be  used  in  the  operation  of  carbide  furnaces. 

The  units  are  rated  2775-kv-a.,  12000  190- 
volt,  single-phase  and  are  of  the  water-cooled, 
indoor  type.  Circular  coil  construction  was 
used,  having  disk  primary  and  helically  wound 
secondary  coils  placed  in  interleaved  groups 
on  the  center  leg  of  a  three-legged  core. 
Regulating  taps  were  provided  in  the  primary 
to  give  a  range  of  secondary  from  130  to  190 
volts  in  10-volt  steps. 

This  order  was  received  February  1st,  the 
first  three  units  were  completed  and  tested 
by  May  1st,  and  the  balance  were  finished 


interleaved.  These  three  groups  wall  have  a 
total  capacity  in  excess  of  200,000  k\'-a. 

The  demand  for  transformers  to  meet  the 
special  conditions  involved  in  the  operation 
of  recently  developed  large  spot -welding 
outfits  resulted  in  the  adoption  of  certain 
unusual  details  of  construction. 

On  account  of  the  high  current,  it  is 
necessary  to  have  the  transformers  as  near 
to  the  work  as  possible  in  order  to  avoid 
excessive  cost  of  low-voltage  busbars.  This 
requirement  practically  means  that  the 
transformer  must  be  an  integral  part  of  the 
welding  machine,  and  it  is  therefore  necessary 
that  it  be  as  compact  as  possible. 

For  cases  where  it  is  desirable  to  know  the 
actual  temperature  of  a  transformer  winding 


30     January  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  1 


while  the  load  is  on  the  transformer,  an 
alternating-current  type  of  temperature  in- 
dicator was  designed.* 

The  thermal  element  consists  of  a  non- 
inductive  exploring  coil  wound  among  the 
turns  or  strands  of  the  transformer  winding 


OIL     CONSEf^VATOJ^. 


Fig.  33.      Diagri 


I  Showing  Operation  of  Oil  Conservato 
for  Transformers 


and  located  so  that  it  will  follow  closely  the 
temperature  of  the  transformer. 

The  exploring  coil,  connected  throtigh  a 
suitable  current  transformer,  forms  one  leg 
of  a  Wheatstone  bridge.  The  remainder 
of  the  bridge  is  so  designed  that  changes 
in  the  temperature  of  the  exploring  coil  will 
affect  the  balance  of  the  bridge  in  a  pre- 
determined manner,  and  this  permits  the 
calibration  of  the  indicating  meter  accurately 
in  Centigrade  degrees. 

One  meter  with  its  auxiliary  apparatus 
may  be  used  to  indicate  the  temperature  of  a. 
number  of  transformers,  (Figs.  31  and  32) 
if  the  transformers  are  equipped  with  explor- 
ing coils. 

In  last  year's  Review,  mention  was  made 
of  the  use  of  transformers  provided  with 
separate  expansion  tanks  or  "conservators" 
on  large  high-voltage  units.  Many  of  these 
transformers  have  been  in  operation  for  some 
time;  and  as  they  have  proved,  uniformly 
satisfactory,  this  construction  has  been 
standardized  on  all  transformers  of  the 
highest  voltages. 

The  conservator  serves  the  triple  purpose 
of,  first,  eliminating  the  contact  between  the 
warm  oil  in  the  main  transformer  tank  and 

*"  Temperature  Indicator  for  Transformer  Winding,"  by  V, 
M.  Montsinger  and  A.  T.  Childs.  Gener.\l  Electric  Review. 
June,  1918.  p.  396. 


air,  thereby  preventing  "sludging"  or  oxida- 
tion of  the  oil;  second,  eliminating  moisture 
in  the  main  transformer  tank,  since  any 
condensation  from  the  air  takes  place  in  the 
conservator  and  is  trapped;  third,  eliminating 
air  and  gasses  in  the  main  transformer  tank,, 
thereby  preventing  explosions.  Fig.  33  shows 
the  essential  features  of  the  conservator. 

The  practice  of  shipping  transformers 
filled  with  oil  in  a  condition  ready  for  imme- 
diate installation  has  received  general 
approval,  and  this  method  was  therefore 
adopted  for  practically  all  classes  and  sizes 
of  transformers  during  the  year.  The  saving 
effected  in  the  transportation  space  required,, 
and  the  added  economy  and  convenience 
in  installation  work  which  this  system 
rendered  possible,  is  obviously  beneficial  to- 
both  the  manufacturer  and  the  user. 

Induction  Voltage  Regulators 

The  tendency  in  the  use  of  induction, 
regulators  has  for  several  years  been  toward 
larger  units. 


Fig.  34.     Induction  Regulator,  Automatic, 
Self-control  Outdoor  Type 

The  majority  of  the  regulators  built  are 
naturally  utilized  for  the  control  of  lighting 
feeders  but  a  continually  increasing  number 
are  required  for  the  control  of  power  systems , 


soMi'  i)i:\i;i.(ii'Mh:N"i's  i\  'nil':  e\a:c 


ICAI,   INDLS'IKV    inklNC    KilH 


:{| 


inti'i'coniu'clfd  syslciiis,  imd  lor  special 
a])pliiali(iiis  of  wliiili  llu-  following;  arc 
noli'\v()rlli\'  illust  rat  ions. 

One  oiH-ratiuK  roinpany  dviriiiK  the  year 
installed  a  niunber  of  (i(l()-k\v.,  lhrce-])liase, 
■KidO-volt  regulators  of  the  oil-  and  waler- 
eiioled  desif^n  for  the  control  of  as  many 
individual  i)o\ver  feeders.  This  same  size  of 
regulator  has  also  been  (lesij,'ned  in  the  sclf- 
eooled  out-door  typo  (Fij.;.  ;{4),  which  is 
now  being  manufactured.  This  design  is  a 
radical  departure  from  those  heretofore  used 
and  embodies  a  number  of  marked  improve- 
ments. 

A  lll()()-kw.  ll,()()()-vult,  three-phase  regu- 
lator (Fig.  lib)  of  the  forced  oil  design  was 
built  for  the  voltage  control  of  a  70-mile 
interconnecting  line  between  two  generating 
systems.  This  is,  as  far  as  known,  the 
largest  induction  regulator  ever  built.  It 
has  been  installed  for  approximately  one  half 
vear  and  is  giving  satisfactorv  service. 


Fig.  35.     1000-kw..  11,000-volt,  Three-phase, 
Oil-immersed  Forced  Oil  Regulator 

Two  single-phase  770-kv-a.,  lO.OOO-ampere 
regulators  (Fig.  36)  were  built  during  the 
year.  Regulators  of  nearly  as  large  a  capacity 
had  previously  been  used  but  the  one  shown 

*"The  Oxide  Film  Lightning  Arrester."  by  Chas.  P.  Stein- 
met;;,  p.  590;  and  "The  Oxide  Film  Lightning  Arrester"  bv 
Crosby  Field,  p.  597.  General  Electric  Review.  Sept.  191S. 


tNinliis  the  latest  conslruclion  for  this 
class  of  apjiaratus.  It  is  of  skeleton  design 
and  for  assembly  in  a  boiler-plate  lank 
I)rovided  with  a  water-cooling  C(jil,  the  desijjn 
i)eing  of  the  same  external  a])i)earance  as 
I'ig.   .'{.").     '{"lie   winding   coniu-ctions   for   the 


Fig.  36.     770-kv-a.  Induction  Voltage  Regulator 
Showing  Internal  Arrangement 

rotor  are  brought  out  through  an  elongated 
hole  in  the  cover,  thus  eliminating  the  mass 
of  internal  cables  heretofore  required;  and  by 
incorporating  all  recent  improvements  in  de- 
sign, the  external  dimensions  and  the  weight 
have  been  reduced  approximately  30  per  cent. 
The  construction  shown  in  Figs.  35  and  36 
is  typical  of  all  of  the  larger  sizes  of  regulators 
except  the  air-blast  design.  The  cores  and 
coils  are  assembled  in  a  skeleton  spider  which 
combination  may  be  assembled  in  a  boiler- 
plate tank  having  a  water-cooling  coil  for 
artificial  cooling  or  in  a  similar  tank  with 
external  tubes  for  self-cooling.  This  arrange- 
ment is  an  exceedingly  flexible  one  and  allows 
the  use  of  standard  parts  to  meet  every 
requirement  of  ser\-ice. 

Lightning  Arresters 

The  oxide-film  lightning  arrester*  consists 
fundamentally  of  an  insulating  film  placed 
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on  the  surface  of  metallic  plates  between 
which  there  is  a  conducting  powder,  lead 
peroxide. 

When  subjected  to  over-voltage  this  insula- 
tion will  be  pierced,  but  the  heat  of  the  dis- 


Fig.  37. 


Compression  Chamber  Lightning  Arresters 
for  10,000  and  13.200  Volts 


charge  will  rapidly  convert  the  lead  peroxide 
into  an  insulating  plug  and  stop  the  dis- 
charge. 

The  advantage  of  this  arrester  over 
the  aluminum-cell  arrester  lies  in  the 
fact  that,  while  it  affords  a  high  degree 
of  protection,  it  does  not  require  daily 
charging  as  does  the  aluminum  arrester, 
and  can  be  installed  in  a  great  many 
places  where  the  need  of  daily  charging 
by  the  aluminum  arrester  would  pre- 
clude its  use.  , 

The  compression-chamber  multigap 
type  of  arrester  for  10,000-  and  13,200- 
volt  circuits  which  was  placed  in  com- 
mercial production  early  in  the  year 
(Fig.  37)  consists  of  a  combination  of 
gaps  and  resistance  rods  mounted  in  a 
porcelain  tube.  The  arrangement  of  the 
gaps  and  resistances  is  shown  in  Figs.  38 
and  39.  The  series  gaps  indicated  in 
these  illustrations  are  of  the  same  kind 


as  those  used  in  the  previously  developed  com- 
pression-chamber arresters  of  lower  voltage. 

These  two  arresters  do  not  have  antennae,- 
but  sensitiveness  to  lightning  disturbances  is 
obtained  through  the  combination  of  gaps, 
and  gaps  shunted  by  resistances.  Two  sets 
of  two  different  shunting  resistances  are  used 
giving  a  number  of  paths  for  the  lightning 
discharge  through  the  arrester.  As  there 
is  a  direct  resistance  path  to  ground  from  the 
series  gaps,  the  initial  discharge  takes  place 
very  easily.  The  path  which  the  discharge 
takes  after  passing  through  the  series  gap 
depends  on  the  frequency  and  quantity. 

Very  high  frequency  will  discharge  straight 
across  all  the  gaps.  Discharges  of  lower 
frequency  will  take  place  through-  one  of 
the  shunt  paths.  The  generator  current 
which  follows  the  lightning  discharge  will 
shunt  to  the  resistance  rods  and  will  thus 
be  limited  to  an  amount  that  can  be  readily 
extinguished  by  the  gaps. 

The  arrester,  by  virtue  of  this  combination 
of  gaps  and  resistances,  will  discharge  at  low 
rises  in  potential,  is  sensitive,  to  lightning  over 
a  wide  range  in  frequency,  and  will  quickly 
cut  off  the  generator  current  following  the 
lightning  discharge.  **' 

The  Research  Laboratory 

Throughout  the  year  the  Research  Labora- 
tory worked  on  many  special  problems  for  the 
army  and  navy.  In  some  cases  the  efforts 
proved  abortive;  in  others  the  work  is 
continuing,  and  where  success  was  achieved 
the  results  were  at  once  applied  in  production 
and  assisted  in  warfare  on  land  ^and  sea,  and 
in  the  air. 
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Fig.  38.      Diagram  of  Connections  for  10,000-  and  13.200-volt 
Compression  Chamber  Lightning  Arresters 
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'riic  radiator  type  ol  C'(i()li(l^;u  tube  (U-sijjnfd 
l'(ir  conlinuoiis  stTviiv,  wliicli  was  rlcscrilicil 
last  year,  was  ]iiil  into  i|iiaiitity  proiltictioii. 
Tlu'  ijriiu-ijial  (k'Ni'lopniciit  of  llie  past  year 
on  thi'si"  tubes  was  tlie  jn'rlec'tioii  of  a  special 
allov  seal  to  replaee  tlii'  lary^i'  iilaliiuim  seal 
whieli  was  oriKinall\-  used,  tlierehy  releasing 
a  larK<-'  amount  of  plalitunn  for  other  war  uses. 

There  was  also  developed  a  new  screen  for 
fiuoroseopie    work,    improved    electrodes    for 
ann\'  searehli)j;hts,  and  a  small  kenolron  for  RejijtanceRodCop 
use  as  a  constant  voltage  rej^ulator  for  small 
variable  si)eed  };;enerators  useil  in  radio  outfits. 

Imi)rovements  were  made  in  insulations, 
l)arlicularly  in  varnishes,  which  not  only 
renilerod  jiossible  substitutions  for  materials 
in  which  a  war  time  strin{;;ency  exists,  but  at 
the  same  time  raised  the  standard  of  the 
('i-E  products  of  this  class. 


complete  i)lans  f«)r  the  cousiruclion  of  lar^je 
carjjo  steamers  by  electric  weldin^^ 

III  order  to  meet  the  jjrowiii^;  re(|uiretnenls 
for  competent  weldinj;  operators,  the  ICmer- 
>^eiu'y  I'leet  t'orjioration  established  a  number 
of  schools  (Fi),'.   10)  in  rlilTerent  ])arts  of  the 


Electric  Welding 

The  nuist  important  develo])menl  in  electric 
welding  was  not  in  the  imijro\-enient  of  the 
electric  equipments  for  welding,  although 
certain  new  generator  and  control  sets  were 
produced,  but  in  the  widespread  interest 
aroused  by  the  investigations  as  to  the  prac- 
tical utility  of  this  process  for  shipbuilding. 

Supplementing  the  research  and  experi- 
mental work  along  this  line  there  was  the 
discovery  of  the  first  welded  boat,*  which 
was  built  in  America  and  launched  in  Novem- 
ber 1915,  the  building  of  a  welded  barge  in 
England,  launched  June  191<S,  and  the 
preparation  in  both  America  and  England  of 

•General  Electric  Review,  December.  191S.  page  S44. 
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Fig.  39.     Resistance  and  Shunted  Gaps  as  Used  in  High, 
voltage  Compression  Chamber  Lightning  Arresters 


country  where  intensive  courses  of  jjractical  in- 
struction under  expert  super\'ision  are  given. 

Switching  Apparatus 

The  apjjlication  of  a  new  idea  in  design 
and  the  development  of  a  manufacturing 
process  required  to  make  the  idea  useful 
resulted  in  two  new  types  of  breakers  which, 
for  moderate  voltages,  current,  and  interrupt- 
ing capacities,  have  many  improvements  over 
preceding  types. 

These  breakers.  Figs.  41  and  42,  can  be 
furnished  for  manual  or  for  so'enoid  operation. 

Both  breakers  are  of  "standard  unit" 
construction,  the  standard  unit  consisting  of 


School  for  Electric  Arc  Welders  Established  by  the  Emergency  Fleet  Corporatio 
Schenectady  Works  of  the  General  Electric  Company 
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cover,  two  insulating  bushings  with  studs  and 
stationary  contacts,  movable  contacts  with 
contact  rod,  and  oil  tank.  A  single-,  double-, 
triple-,  or  four-pole  breaker  is  made  up 
respectively    of     one,    two,    three    or    four 


Fig.  41.      Four-pole  Type  FK-35 
Oil  Circuit  Breaker 

standard  units  plus  frame,  breaker  mechanism, 
and  operating  mechanism. 

Each  standard  unit  is  suspended  from  the 
breaker  frame  by  attaching  the  cover  of  the 
oil  tank  to  the  lower  surface  of  the  frame. 
Each  oil  tank  is  held  in  position  by  hook  bolts . 

The  rods  connected  to  the  movable  con- 
tacts are  readily  accessible,  and  the  length 
of  the  rods  is  adjustable.  Thus  it  is  easy 
to  obtain  accurate  adjustment  of  the  contacts . 

The  rods  are  of  steel,  pinned  and  riveted 
to  a  wooden  rod  which  is  fastened  to  the 
movable  contacts.  The  wooden  rod  insulates 
the  steel  rod  from  the  movable  contacts. 

The  breakers  can  be  equipped  with  an 
improved  type  of  mechanical  interlock  either 
alone  or  in  conjunction  with  time-limit  inter- 
lock or  a  magnetic  lock. 

The  breakers  open  by  gravity  assisted  by 
compression  springs  on  the  operating  rods. 
When  the  breaker  is  closed  the  springs  are 
under  considerable  compression  between  the 
wood'  rods  and  the  under  surface  of  the 
breaker  frame.  When  the  breaker  is  released, 
the  springs,  one  for  each  pole,  increase  very 
materially  the  speed  at  which  the  breaker 
opens. 


A  new  design  of  direct-current  solenoid 
(Fig.  43)  for  operating  oil  circuit  breakers 
was  introduced  which  has  features  attractive 
to  operating  companies.  A  noticeable  im- 
provement is  the  accessibility  of  the  working 


Fig.  42.     Triple-pole  Type  FK-32-A 
Oil  Circuit  Breaker 

parts.  All  mechanisms  and  all  accessories 
are  mounted  on  the .  upper  casting  of  the 
solenoid  which   acts   as   the   support   of  the 


Fig.    43.     Direct-current    Solenoid    for 
Operating  Large  Oil  Circuit  Breakers 

complete  solenoid;  the  pot,  coil,  pole  piece, 
and  armature  are  hung  beneath  it. 

By  this  construction  there  has  been  made 
possible  the  ready  accessibility  and  the 
visibility  of  the  locking  toggles,  the  trip  coil, 
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t  lu'  ,nixili;iry  switches  and  t  lie  terminal  i)(>aiii, 
iis  all  all'  oil  the  lop  <>!  the  sulennid. 

The  avixiliar\'  swileJK's  are  of  a  most 
ai)])ro\'e(l  (k'sij^n.  TheN'  nw  of  llio  rotary 
lyiie,  with  the  axis  vertical,  and  as  they  arc 
built  im  the  slandard  unit  principle,  as  many 


Fig     44.     Triple-pole,   Single 

throw,  600-volt,  30-ainpere 

Oil  Circuit  Breaker, 

Type  FP-15 


Fig.    45.        Type    FP-15    Oil 

Circuit  Breaker  with  Oil 

Tank  and  Cover 

Removed 


circuits  as  required  can  be  su])plied  by  merely 
adding  one  switch  unit  above  the  other.  The 
finished  auxiliary  switch  is  enclosed  by  an  insu- 
lated dust  cover  which  clamps  down  over  it. 

Before  leaving  the  f  actorv  the  internal  wiring 
of  the  solenoid  is  completed  up  to  the  terminal 
board;  the  operating  coil,  the  trip  coil,  and  the 
auxiliary  switches  being  all  wired  together. 

The  small  triple-pole,  non-automatic  oil 
circuit  breaker  known  as  type  FP-lo  (Figs. 
44  and  45)  was  intended  primarily  for  mount- 
ing on  looms  in  textile  mills.  It  can,  however, 
be  used  to  advantage  to  control  small  alterna- 
ting-current motors  in  any  service  up  to  31) 
amperes  and  600  volts,  but  not  exceeding 
ten  horse  power.  It  can  be  operated  by  hand 
at  the  breaker  or  from  a  distance  by  means  of 
a  shipper  rod. 

The  contacts  are  so  arranged  that  they 
snap  in  and  out  after  the  operating  mechanism 
has  moved  a  certain  definite  distance  in 
opening  and  closing — a  condition  quite  essen- 
tial to  satisfactory  shipper  rod  operation. 

The  standard  unit  principle  of  design,  as 
represented  by  Figs.  41  and  42,  was  applied 
also  to  breakers  of  higher  voltage  and  inter- 
rupting capacity  ratings.  That  is,  the  break- 
ers   are    divided    into'  interchangeable    units 


made  up  as  far  as  possible  from  similar  parts. 
Tlie  arraiigi-meiit  of  Ihi;  j)arls  and  method 
of  ojierating  them  (Fi^s.  4(}-A.  U,  and  C) 
rather  tliaii  llic  jiarts  themselves  determine 
the  a(lai)tabilily  of  the  breakers  for  systems 
for  various  current,  jjressure,  and  power. 


Fig.  46-A.      2000-amp..  15,000-volt,  Triple-pole 
Single-throw  Oil  Circuit  Breaker 


Fig.  46-B.      800-amp.,  15,000- 
volt  Oil  Circuit  Breaker 
Standard  Unit 


Fig.   46-C.      2000-ainp..    1500- 

volt  Oil  Circuit  Breaker 

Standard  Unit 
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In  these  breakers  the  principal  pails  that 
are  common  are  the  contacts,  the  general 
method  of  supporting  the  contacts,  and 
(Figs.  47,  48,  and  49)  the  construction  of  the 
operating  rods  and  mechanism. 


Mechanism  for  Triple-pole,  Single-throw,  2000-; 
15,000-volt  Oil  Circuit  Breaker 


Mechanism  for  Triple-pole,  Single-throw, 
25,000-volt  Oil  Circuit  Breaker 


Mechanism  for  Triple-pole,  Single-throw,  800-: 
15,000-volt  Oil  Circuit  Breaker 


For]  high  pressures  and  large  interrupting 
capacities  the  Type  FK-36  (indoor)  or  FKO- 
36  (outdoor)  circuit  breakers  (Fig.  50)  were 
developed.  These  are  similar  in  design 
except  for  the  operating  mechanism,  which  is 
somewhat  different  for  indoor  and 
outdoor  use.  Both  types  are  built 
in  several  sizes,  in  each  of  which 
different  combinations  of  bushings 
and  contacts  can  be  arranged  to 
give  a  very  wide  range  of  applica- 
tion. 

The  breakers  for  use  up  to  73,000 
A'olts  are  arranged  for  mounting  on 
the  floor  or  on  a  framework  high 
enough  to  allow  the  lowering  and 
removing  of  the  tanks  with  the 
breaker  contacts  open. 

For  voltage  of  95,000  and  above 
the  breakers  are  arranged  for 
mounting  on  the  floor  or  are  sup- 
ported on  steel  girders  which  rest 
on  crecrete  foundation  pedestals. 
A  pit  is  built  between  the  pedestals 
so  that  the  tanks  can  be  lowered 
into  it  when  removing  them  for 
inspection.  If  desired  the  steel 
girder  can  be  set  in  the  floor  in- 
stead of  on  pedestals.  In  this  case, 
however,  it  is  necessary  to  make 
the  pits  deeper. 

The  contacts  consist  either  of 
wedge-shaped  copper  blades  and 
copper  fingers,  or  of  hollow  copper 
plungers  and  segmental  contacts 
mounted  in  the  upper  end  of  an 
explosion  chamber  which  is  located 
on  the  lower  end  of  each  bushing. 
The  contact  fingers  and  contact 
head  for  73,000  volts  and  above  are 
surrounded  by  a  static  shield  which 
carries  a  set  of  guide  cams  to  force 
the  movable  contacts  to  enter  into 
contact  properly  and  thus  prevent 
damaging  of  the  contact  fingers. 

In  some  forms  of  these  breakers 
the  interrupting  capacities  are 
greatly  increased  by  the  use  of  an 
explosion  chamber  which  surrounds 
the  contacts.  This  chamber  con- 
fines to  the  neighborhood  of  the 
arc  the  high  pressures  developed 
when  the  breaker  opens  under 
heavy  load,  helps  to  extinguish 
the  arc,  and  reduces  the  mechani- 
cal pressures  transmitted  from  the 
arc  to  the  interior  surface  of  the 
oil  tank.     The  pressure  developed 
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in  the  cxpldsinii  cliainliiT  caiisos  ;m  oil  blast 
to  cross  the  arc  and  ^''^'Htly  increases  the 
interru])linjj  capacity  of  the  breaker. 

These  breakers  are  eiiuiiipi'd  with  a  new 
l\pe  of  bushing;  which  is  the  same  for  indoor 
and  outdoor  tyiies  and  is  used  also  for  some 
types  of  high  voltaj^e  lighlninj,' 
arresters  and  transformers. 

Truck  typo  jjanels  (Figs.  .")l, 
52,  anil  .").'{)  were  imi)ro\-cd  in 
several  details  during  the  i)ast 
year,  the  most  im]>ortant  being 
the  introduction  of  standard 
switchboard  type  oil  circuit 
breaker  bushings,  bushing  clamps 
and  contacts  for  the  part  of  the 
discoimecting  switch  that  is 
mounted  on  the  truck,  and  the 
use  of  steel  channel  and  angle 
iron  frames  for  supporting  the 
movable  parts  of  the  discon- 
necting switches. 

The  line  of  panels  was  also 
extended  to  1200  amjjcres  at 
7500  volts  capacity,  and  up  to 
800  amperes  at  15,000  volts.  In 
the  larger  sizes  the  housings  are 
usually  of  reinforced  concrete,  and  all  capaci- 
ties are  designed  for  use  with  either  solenoid 
or  manually  operated  oil  circuit  breakers. 


machinery,  ;tnniuinition  hoists,  etc.,  or  of  any 
of  llie  .'luxiliary  apj)aralns  connected  in  the 
controlling  circuits.  Although  the  loss  of 
power  or  light  might  cisijy  be  diso-slrous,  the 
shocks  to  which  naval  craft  are  subjected 
from  I  he  individual  or  salvo  firing  of  its  own 


i4^/ 


Fig.  50.     400-amp.,  115.000-volt,  Triple-pole,  Single-throw  Oil 
Circuit  Breaker  for  Manual  or  Solenoid  Operation 

Electrical  apparatus  on  fighting  craft 
should  be  in  good  working  condition  at  all 
times,  but  especially  during  the  time  of 
naval  engagements.  It  is  vitally  important 
to    prevent    the    failure    of    turret    turning 


5 1 .     Removable  Truck  Safety  First  Switchboard 


guns  or  from  a  hit  by  the  enemy  often  make  it 
extremely  difficult  to  keep  the  electrical 
circuits  in  operation. 

To  help  safeguard  against  this  condition 
shock-proof  air  circuit  breakers  were  developed 
(Figs.  54  and  54-A)  which  will  not  open  acci- 
dentally even  when  subjected  to  shocks  of 
extremely  hea\n,'  character. 

This  has  not  been  an  easy  task. 

The  ordinary  form  of  air  circiut  breaker  is 
held  in  the  closed  jjosition  by  a  latch  which  is 
released  to  allow  the  breaker  to  open  when 
the  armature  of  the  overload  magnet  moves 
a  certain  distance  towards  the  magnet,  on 
the  occurrence  of  a  certain  predetermined 
current  for  which  the  breaker  is  set.  How- 
ever, if  the  breaker  is  subjected  to  jar  or 
heavy  vibration  the  armature  is  in  constant 
motion  due  to  this  vibration  and  the  attrac- 
tive force  necessary  to  pick  up  the  armature 
is  much  less.  That  is,  the  breaker  may  trip 
on  a  considerably-  smaller  current  than 
that  for  which  it  is  set  to  open. 

The  government  specifications  limit  the 
temperature  rise  to  12  deg.  C.  above  the 
temperature  of  the  surrounding  air,  which 
means  that  for  the  rating  of  the  breaker 
considerably  more  copper  must  be  used 
than  is  necessary  in  the  usual  construction. 
Limiting  dimensions  were  also  specified  by 
the  government. 
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The  problem  then  was  to  put  more  material 
with  increased  radiating  capacity  into  a  space 
restricted  as  to  size,  and  at  the  same  time  to 
make  a  breaker  having  a  latch  which  could 
be  tripped  only  when  the  overload  armature 
picked  up  at  a  predetermined  current, 
without  regard  to  external  disturbance, 
mechanical  vibration,  or  shock. 

In  the  shock-proof  breaker  the  tripping 
latch  is  so  arranged  mechanically  that  it 
cannot  be  moved  to  the  opening  position, 
once  the  breaker  is  closed,  until  the  armature 
of   the    overload   device   moves    towards   its 


armature  is  constant,  and  the  current  cali- 
bration is  obtained  by  changing  the  pull  of  the 
spring  on  the  armature  by  means  of  a  knurled 
nut  and  calibrating  screw  at  the  bottom  of 
the  calibrating  tube. 

In  the  top  of  the  armature  a  rod  is  fastened 
which  projects  upward  through  a  longitudinal 
hole  in  the  core,  and  carries  at  the  upper  end, 
through  a  universal  joint,  the  disk  of  the  time 
delay  device,  which  is  enclosed  in  a  covered 
cylindrical  cup  containing  oil. 

Until  this  device  has  operated  the  armature 
remains  stationary,  after  which  the  armature 


Fig.  52.     Removable  Truck  Panel,  Triple 

pole,  Singlethrow,  300  Amps., 

7500  Volts 


Fig.  53.     Removable  Truck  Panel, 

Triple-pole,  Single-throw,  500 

Amps.,  2300  Volts 


core,  and  furthermore  vibration  or  shock  does 
not  change  the  magnitude  of  the  attractive 
force  necessary  to  pick  up  the  armature. 
The  action  of  the  breaker  developed  to  meet 
these  conditions  is  as  follows : 

In  the  interior  of  a  rectangular  overload 
coil  (Figs.  54-B  and  54-C)  is  a  cylindrical  core 
whose  lower  end  is  somewhat  below  the  center 
of  the  coil,  and  beneath  the  core  in  the  lower 
part  of  the  coil  a  movable  armature,  also 
cylindrical,  is  located. 

To  the  lower  end  of  the  armature  is 
attached  a  spring,  the  tension  of  which 
determines  the  current  at  which  the  breaker 
will  trip.     The  air  gap  between  the  core  and 


rises  instantly  and  trips  the  breaker.  This 
constitutes  a  time  delay  arrangement  much 
favored  by  the  government. 

The  lower  end  of  the  calibrating  spring  is 
fastened  to  a  holder  through  which  passes 
the  screw  that  regulates  the  pull  of  the  spring 
on  the  armature  when  changing  the  calibra- 
tion. 

The  armature  carries  a  collar  having  two 
cjdindrical  tripping  lugs  ISO  deg.  apart,  each 
lug  projecting  through  a  vertical  slot  in  the 
calibrating  tube  and  also  through  an  oblique 
slot  so  arranged  in  a  metal  piece  on  each  side  of 
the  tube  as  to  prevent  the  movement  of  these 
pieces  while  the  armature  remains  at  rest. 


SO.M 
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Shock  Proof  Air  Circuit  Breaker,  Double-pole, 
Single-throw,  100  Amps.,  250  Volts 


Fig.  54-A.     Shock  Proof  Air  Circuit  Breaker,  SingIe-poIe» 
Single-throw,  200  Amps.,  250  Volts 


The  side  pieces  are  pivoted  at  the  lower 
end,  and  are  moved  toward  the  supporting 
panel  when  the  armature  rises. 

On  the  back  of  each  side  piece  is  a  project- 
ing lug  which  rests  over  and  against  another 
lug  on  the  tripping  lever  to  prevent  the 
mo\-ement  of  the  trip  latch  from  the  normal 
position,  until  released  by  the  backward 
movement  of  the  side  pieces. 


When  an  overload  occurs  that  is  equal  to 
or  greater  than  the  current  for  which  the 
breaker  is  set,  the  armature  rises  after  the 
time  delay  device  operates,  and  the  tripping 
lugs  first  move  the  two  side  pieces  to  release 
the  end  of  the  trip  lever,  which  is  then  moved 
upward  to  the  tripping  position  by  the  con- 
tinued upward  movement  of  the  armature. 
This  releases  the  breaker  and  allows  it  to  open. 


ipinq  Lalch  Tu.-f>fXj 


Fig.  54-B.     Partial  View  of  Breaker  Mechanism  showing 
Breaker  Closed 


Fig.  54-C       Breaker  Mechanism,  at  Instant  Armature, 
has  Reached  End  of  Upward  Travel 
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In  brief,  the  breaker  cannot  jar  open 
because  the  trip  lever  is  restrained  from 
moving  from  the  normal  position  by  the 
metal  side  pieces,  which  in  turn  can  only 
be  moved  by  the  movement  of  the  armature. 

Another  interesting  feature  of  these 
breakers  is  the  manual  tripping  handle 
which  can  be  seen  in  Figs.  54and54-A.  Because 
of  the  time  delay  device  it  is  necessary  to 
exert  considerable  pressure  at  the  armature 
to  move  it  for  instantaneous  tripping.  With 
an  ordinary  tripping  arrangement  having  a 
handle  of  "the  length  shown  this  would  be 
practically  impossible.  This  is  overcome  by 
the,  compound  lever  shown,  which  allows 
the  breaker  to  be  tripped  without  difficulty 
by  pressing  down  on  the  handle. 

Each  breaker  is  tested  to  insure  that  it 
will  not  trip  out  on  severe  shock  or  on  an 
accumulation  of  successive  small  movements 
of  the  tripping  latch  caused  by  jarring. 
The  method  of  testing  is  to  mount  the 
breaker  on  a  testing  stand,  and  submit  it  to 
shock  by  the  falling  of  a  38-lb.  weight  through 
a  vertical  distance  of  four  feet  while  the 
breaker  is  carrying  approximately  the  current 
at  which  it  is  set  to  trip. 

Lighting 

The  total  sales  of  incandescent  lamps 
(excluding  miniature)  in  the  United  States 
during  1918  is  estimated  to  be  about 
175,000,000  lamps  (Fig.  55),  an  increase  of 
5,000,000  (3  per  cent)  over  the  previous  3'ear, 
of  which  165,000,000  (94  per  cent)  were 
tungsten  filament  and  10,000,000  (6  per 
cent)  were  carbon  filament,  the  latter  covering 
both  Gem  and  carbon  lamps. 

The  sales  of  tungsten  filament  lamps  in- 
creased approximately  17,000,000  lamps  (12 
per  cent)  over  the  previous  year,  whereas  the 
sales  of  carbon  filament  lamps  fell  off  12,- 
000,000  and  were  less  than  half  that  of  the 
previous  year  according  to  estimates.  Most 
of  this  loss  in  sales  of  carbon  filament  lamps 
was  due  to  the  Gem  lamp,  which  is  virtually 
no  longer  on  the  market. 

The  carbon  filament  lamp  will  probably 
continue  to  be  used  for  a  while  in  places 
where  its  mechanically  strong  filament  makes 
it  desirable  when  rough  usage  is  unavoidable ; 
but  if  the  mill  type  Mazda  lamp  is  as  success- 
ful in  service  as  it  has  been  in  laboratory 
tests,  it  is  expected  that  the  demand  for  the 
carbon  larnp  will  eventually  disappear. 

Of  the  tungsten  filament  lamps  sold  it  is 
estimated  that  16  per  cent  were  of  the  non- 
vacuum  type.     On  account   of  their  higher 


price  they  probably  represented  50  per  cent 
of  the  total  value  sold.  The  sales  of  non- 
vacuum  lamps  increased  32  per  cent  over 
those  of  the  previous  year,  and  as  these  lamps 
are  much  higher  candle-power  units  and  more 
efficient  than  the  vacuum  lamps,  the  average 
candle-power  of  all  lamps  sold  has  increased 
nearly  10  per  cent,  from  48.7  candle-power 
in  1917  to  about  53.1  candle-power  in  1918. 

It  is  interesting  to  note  that  just  prior  to 
the  time  (1907)  that  the  Gem  and  Mazda 
lamps  appeared  on  the  market,  when  carbon 
lamps  were  the  only  ones  available,  the 
average  candle-power  of  all  lamps  sold  was 
IS,  or  less  than  one  quarter  of  what  it  is 
today.  The  average  watts  of  all  lamps  in 
1907  was  53,  coming  down  to  47.4  in  1915, 
and  has  now  risen,  due  to  the  higher  wattage 
non-vacuum  lamps,  to  about  53.8  watts. 
Thus  11  years  ago  the  average  lamp 
produced  less  than  three  tenths  of  a  candle- 
power  for  each  watt  consumed,  whereas  today 
the  average  lamp  produces  over  three  times 
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Fig.  55.     Chart  of  Sales  of  Large  Incandescent  Larops 

this  amount,  or  nearly  one  candle-power  per 
watt  consumed. 

For  street  lighting  more  than  double  the 
amount  of  light  is  now  obtained  bj*  Mazda 
lamps  when  compared  with  that  secured 
eleven  vears  ago.     While  in  1907  the  average 
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It  IS  llnw  ;il)( 
lamps  lliiil 
carliiiii  arr  lam|is  ai\-  iiuhi 
candli'-pdwcr  is  aljow  Kid. 

TIk'  sales  of  luiiKsU'ii  lilamcnt  miiiialun- 
lamps  increased,  il  is  I'slimali'd,  I'rom  7."),- 
()()(),()()()  in  1!)17  lo  SO. 0(111. 1)0(1  in  I'.II.S. 
Practically  all  these  lamps  an-  ("or  aiiloinohilcs 
and  for  ])ortablc  llashlij^'hts  used  with  small 
dry  batteries.  A  small  i)ereeiilaj^e  are  Christ- 
mas tree  lamps  and  candelabra  lam])S. 
('arhim  miniatin\'  lamps  arc  now  practically 
cxtitu't. 

A  proi^ram  for  the  limitation  of  the  produc- 
tion and  distribution  of  inetlicient  carbon  and 
Ciem  lamps  was  approved  by  the  United 
Slates  Fuel  Administration  durinj^  the  summer 
of  lUlS.  In  fjencral  it  was  recommended 
that  there  be  a  complete  abantlonment  of 
the  installation  and  renewal  of  carbon  and 
Gem  lamps  of  all  sizes,  and  discouragement 
of  their  use  by  consumers  and  the  public  for 


Fig.  56.     Canopy  Type  Fixture  with  Short  Casing, 
10 '--in.  Band  Refractor  and  Globe 

any  use  or  application  for  which  tungsten 
lamps  can  be  substituted,  and  also  that  the 
use  of  vacuum  tungsten  lamps  in  sizes  of 
100  watts  and  over  be  eliminated,  and 
whenever     practicable,     gas-filled     tungsten 
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lamps  of  the  hi>.;hest  eflicicncy  be  substituted 
therefor.* 

I'or  country  lioine  lijihtin^  on  storage 
battery  circuits  there  are  now  available 
standard  2S-  to  .■{2-voIt  Mazda  iamjis  in 
c;ipacities  from  five  to  100  watts. 


Fig.  57.     Canopy  Type  Fixture  Equipped  with  Specially 
Silvered  and  Coppered  Globe 

Various  Novalux  fixtures  were  improved 
and  new  types  were  developed. 

The  canopy  type  fixture  (Fig.  56)  was  pro- 
duced in  order  that  the  1000-watt  Mazda 
lamp  might  be  used  with  the  Holophane 
prismatic  refractor.  This  fixture  was  first 
installed  in  the  Hog  Island  shipyard,  where 
it  was  important  that  a  very  large  area  be 
illuminated  so  that  night  work  could  be  car- 
ried on. 

Where  it  was  necessary  for  a  large  amount 
of  light  to  be  directed  on  the  sides  of  the 
boats  which  were  being  built,  this  fixture  was 
equipped  with  a  globe  (Fig.  o7)  that  had 
been  sih-ered  and  coppered  throughout  at  an 
angle  of  ISO  degrees  and  collected  the  light 
which  would  ordinarily  be  thrown  away  from 
the  boat  and  redirected  it  to  the  sides  of  the 
boat,  adding  very  much  to  the  normal  rays  of 
light  going  in  that  direction. 

The  projector  type  fixture  (Fig.  oS)  has  a 
reflector  made  of  sections  of  silver-plated 
glass  and  is  so  shaped  that  it  throws  all  of 
the  light  downward  in  a  very  narrow  beam. 
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Fig.  58.     Projector  Type  Fixture  with  Fig.  60.     Ornamental  Novalu 

Sectional  Glass  Reflector  Fixture 


Fig.  59.     Pendent  Type  Fixture  with 
Diffusing  Globe  and  Reflector 


Fig.  62.      Floodlighting  Projector  Which  Will  Accommodate 
the  Two  Forms  of  Reflector  Shown  in  Fig.  63 


Fig.  63.     Two  Forms  of  Reflector.  Either  of  Which  can  be 
Used  in  the  Projector  Shown  in  Fig.  73 
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It  is  parlii-uiaiiy  suilahle  fi»r  the  inside  of 
huiUliiiK^  wlu-re  it  is  necossiiry  to  place 
llu-  liKhtin^,'  units  -lO  fi-i't  or  iiiori;  above  tlie 
Hour,  such  as  IukIi  bays  wliere  cranes  trawl 
from  one  end  of  I  lie  room  to  the  other  and  it 
is  necessary  to  jml  the  lifjhtinR  units  above 
these  cranes. 

The  ])cndent  tyjie  unit  (Fijj.  o9)  can  be 
used  cither  on  a  muliijile  or  scries  circuit 
and  can  be  furnished  with  or  without  com- 
pensators,  which   makes  it   possible  to  use 


Fig.  64.     Combined  Pendent  Unit  and  Projector  Mounted 
on  a  Simple  Bracket 

either  low  current  or  high  current  incandes- 
cent lamps.  It  is  possible  to  equip  this 
fixture  with  either  a  large  diflusing  globe, 
small  diffusing  globe,  bowl,  band,  dorne,  or 
skirted  refractor,  and  it  can  be  used  with  or 
without  a  reflector. 


In  the  (jrnamental  unit  jjrovided  with  a 
dilTusinn  >;lobe  ( I'i;;.  (1(1)  the  lines  of  the  ca.sinK, 
(.;lobe,  and  canoi)y  have  been  riesijjned  to 
harmonize  so  as  to  i)rodufe  the  most  artistic 
elTect  compatible  uitli  lii'li  .lln  uncy. 


Fig.  65.     Automatic  Protective  Cutout 

In  Fig.  64  there  is  shown  a  very  simple 
bracket  which  was  designed  for  the  purpose 
of  supporting  both  the  pendent  Xovalux  vmit 
and  the  floodlighting  projector.  Such  com- 
binations are  used  where  there  are  large 
areas  to  be  lighted,  such  as  shipyards,  rail- 
road transfer  stations,  etc. 

One  of  the  devices  (Fig.  65)  which  will  be 
of  considerable  value  to  central  stations,  is 
intended  to  prevent  the  Mazda  C  lamp  from 
"burning  out  when  operating  on  a  direct- 
current  series  circuit.  These  protective 
devices  are  assembled  in  the  upper  part  of 
the  street  system  bracket  and  are  so  connected 
in  the  circuit  that  when  the  current  increases 
above  a  fixed  amount  the  lamp  is  short- 
circuited  and  remains  so  tintil  the  current 
becomes  normal  again. 

The  housing  shown  in  Fig.  62  will  accom- 
modate the  two  different  shaped  reflectors 
shown  in  Fig.  63.  One  of  these  reflectors 
gives  a  spread  of  beam  of  between  20  deg. 
and  30  deg.  and  the  other  between  14  deg.  and 
20  deg. 

It  has  in  the  past  been  the  practice  to 
substitute  Mazda  C  lamps  for  Mazda  B, 
using  the  same  accessories.  Through  illu- 
minating  engineering   investigations,    it   has 
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been  shown  that  better  results  can  be 
obtained,  particularly  in  industrial  lighting, 
by  the  use  of  reflectors  especially  designed 
for  Mazda  C  lamps. 

The  Mazda  C  lamp  offers  certain  advan- 
tages in  regard  to  the  control  of  light  and 


Fig.  66.     Factory  Yard  Floodlighted  for  Protection 

has  greater  need  for  diffusion.  Through  the 
co-operation  of  the  illuminating  engineers  of 
the  lamp  works  with  the  manufacturers  of 
steel  reflectors,  a  type  of  enameled  steel 
dome  reflector  was  developed,  which  will 
be  made  by  all  the  leading  reflector  manu- 
facturers. In  order  to  insure  high  quality, 
a  specification  is  being  issued  by  the  Research 
Laboratory,  and  on  evidence  of  compliance, 
through  test  and  inspection  bj-  the  Electrical 
Testing  Laboratories,  permission  will  be 
given  to  use  the  trade  mark  label.  These 
reflectors  which  are  designated  as  R.L.M. 
Standard  Dome  (Fig.  61)  bid  fair  not  only 
to  improve  the  industrial  lighting  service 
rendered  by  the  Mazda  C  lamps,  but  to 
raise  the  standard  of  industrial  lighting 
generally. 

Artificial  lighting  was  probably  as  much  or 
more  affected  by  the  war  conditions  than 
any  other  application  of  electricity.  While 
reductions  occurred  in  certain  fields,  the 
general  result  was  an  increased  demand  for 
light  and  lighting  devices.  So  insistent  were 
the  demands  for  lamps  and  lamp  develop- 
ments, that  the  lamp  works  were  strained  to 
their  utmost  to  take  care  of  their  part  in 
the  national  emergency,  especially  in  the 
face  of  the  labor  shortage  and  the  difficultj^ 
of  obtaining  high-grade  chemicals  and  other 
materials. 

It  was  therefore  necessary  to  restrict  all 
development  except  such  as  was  of  immediate 


importance.  Incandescent  lamps  and  similar 
devices  found  new  and  important  applications 
for  military  and  naval  use,  and  much  special 
development  was  required  to  meet  the 
government's  needs.  These  included  con- 
centrated filament  lamps  for  various  classes 
of  projection  lighting. 

The  Fuel  Administration  instituted  lighting 
restrictions,  not  only  as  a  direct  means  of 
saving  fuel,  but  also  to  advertise  the  need  of 
such  saving.  Electric  signs  and  bright  illu- 
mination are  convincing  evidences  of  pros- 
perity and  activity,  and  their  absence  was 
probably  the  most  effective  means  of  securing 
saving  and  the  discontinuance  of  unnecessary 
activities.  Manufacturers  seem  to  be  more 
ready  to  restrict  lighting  than  do  merchants. 

It  was  early  evident  that  mistaken  applica- 
tions of  the  economy  were  tending  to  restrict 
essential  production  and  increase  accident 
hazard.  During  the  fuel  shortage  in 
February  1918,  the  accident  insurance  com- 
panies noted  a  considerable  increase  in  the 
number  of  accidents  and  ascribed  it  to 
insufficient  light.  Howe'^'er,  the  importance 
of  good  illumination  as  a  means  of  improving 
and  increasing  production  is  being  recognized 
by  the  industries  as  never  before. 

While  the  economic  relation  has  been 
clearly  evident  to  those  who  have  tried  it  out , 
exact  data  have  been  hard  to  obtain.  A 
series  of  tests  made  in  a  number  of  machine 
shops  by  the  engineers  of  the  Commonwealth 
Edison  Companj-,  in  Chicago,  showed  that 
raising  the  illumination  from  the  ordinary 
standard  to  about  three  times  that  value 
resulted  in  an  increase  in  the  quantity  of 
production  averaging  15  per  cent. 

Lighting  for  protection  from  malicious 
destruction,  which  has  been  increasing  in 
importance  ever  since  the  war  started  (Fig. 
66),  continued  to  expand  rapidty  throughout 
the  year.  Last  spring  the  War  Department 
published  and  distributed  a  pamphlet  warning 
of  the  necessity  of  such  precaution  and  giving 
instruction  for  the  design  and  operation  of 
protective  lighting. 

Illuminating  engineers  viewed  with  some 
alarm  a  tendency  to  restrict  street  lighting 
as  a  measure  of  economy  or  conservation. 
Since  the  essential  element  of  street  lighting 
is  protective,  any  considerable  reduction 
seemed  likely  to  result  in  an  increase  of 
accidents  and  crime.  Fortunately,  curtail- 
ment was  not  carried  far  enough  to  provide 
any  serious  examples  in  this  country. 

There  have  been,  for  several  years, 
evidences  of  increasing  governmental  interest 
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in  Viiridus  iiliasos  of  li^jhliiij;  ri'^ulalitm. 
In  tlu'  industrial  (k'ld,  some  states  have 
adoiiti'tl  codes  re(Hiirin>,'  sullieienl  ilhiniina- 
tion,  without  excessive  );lare,  in  order  lo 
protect  eini)loy(\'s  from  unnecessary  aci'ident 
iia/ard.  Durin.i;  llic  year  such  codes  were 
adojiled  hv  New  \'ork  and  Wisconsin — ■ 
Pennsylvania  and  New  jerse\-  having'  already 
done  so.     In  ( )hio  a  code  is  well  under  way. 

The  Federal  Ciovcrnment  adoiited  a  lij^htin^ 
code  for  arsenals  and  jilants  operated  by  the 
}jo\-ennnent.  The  Ad\-isory  C'ommission  of 
the  Council  of  National  Defense  took  u])  the 


the  eyesifjht  of  future  citizens.  Tliis  is 
hceominR  more  iin])orlant  on  account  of 
the  increasin).;  use  of  school  rooms  in  the 
eveninj,'. 

Automobile  headlijjhtinK  en^jajjed  the  atten- 
tion of  the  authorities  in  New  York  Slate. 
The  hi^jhway  law  was  amended  and  specifica- 
tions for  test  were  adopted. 

The  problem  has  been  a  rather  dillicult 
one,  since,  in  the  present  state  of  the  art,  it  is 
imiiracticable  to  ))rovidc  an  adef|uate  clriving 
liKht  without  subjecting  other  users  of  the 
highway  to  serious  ^l^re.     In  response  to  a 


Fig.  67.     Night  View  in  a  Spinning  Rex 
General  Illumination 


question  as  a  war  measure  and  formed  a  sub- 
committee to  encourage  the  adoption  of 
industrial  lighting  codes  by  the  authorities 
of  other  states. 

While  the  intensity  requirements  are  of 
necessity  only  sufficient  to  insure  reasonably 
safe  conditions,  attention  is  called  to  the 
higher  intensitive  (Figs.  67  and  68)  desirable 
for  efficient  production. 

The  specifications  of  all  the  codes  so  far 
adopted  are  practically  the  same,  being 
based  on  that  of  the  Illuminating  Engineering 
Society.  That  organization  has  also  prepared 
a  code  for  the  lighting  of  school  buildings, 
which,  when  applied  after  the  manner  of  the 
industrial  lighting  codes,  will  help  to  conserve 


general  demand,  an  attempt  has  been  made 
to  eliminate  the  most  dangerous  conditions. 

A  unique  feature  of  the  Xew  York  specifi- 
cations is'  that  certain  limiting  features  are 
definitely  specified  in  practical  values  of 
light,  whereas  all  previous  headlight  regula- 
tions have  been  indefinite. 

Even  though  it  be  found  advisable  to 
modify  the  specifications  in  some  respects, 
a  strict  adherence  to  the  methods  of  specifica- 
tions is  likely  to  enhance  the  safety  of  night 
travel. 

Considerable  progress  has  been  made 
during  the  \-ear  in  the  application  of  ^lazda 
lamps  to  motion-picture  projection.  Con- 
siderable   economy,     especially     as     regards 
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current  consumption,  is  being  secured  in  the 
numerous  classes  of  smaller  theaters,  and  this 
with  at  least  as  good  a  projection  on  the  screen 
as  formerly.  For  many  conditions  a  con- 
siderable improvement  in  the  picture  is  also 
obtained. 


transformer.  Special  accessories,  consisting 
of  the  regulating  transformer,  spherical 
mirror,  and  corrugated  condensing  lens 
(Fig.  69)  are  essential  parts  of  the  system, 
and  the  results  depend  to  a  considerable 
degree    on    the    excellence    of    these    equip- 


Illumination  of  Hog  Island  Shipbuilding  Yard 
by  Floodlighting  Projectors 


The  later  experiments  have  resulted  in 
the  adoption  of  a  900-watt,  30-volt  lamp, 
which  on  alternating-current  circuits  is 
operated    through   a  voltage-reducing    auto- 


ments.  Leading  projector  manufacturers 
have  housings  for  this  service,  and  an 
adapter  for  changing  over  existing  machines 
is  available. 


Fig.  69.     Motion-picture  Lamp  and  Accessories — Exper' 

mental  Equipment  Showing  Mazda  C  Lamps  and 

Optical  Train.     In  the  commercial  outfits 

these  parts  are   concealed   from 

view    by    the    housing 
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Progress  in  Illumination' 


ABSTRACT  OF  THE  REPORT  OF  THE  COMMITTEE  ON  PROGRESS, 
ILLUMINATING  ENGINEERING  SOCIETY 


Tliis  abstrait  is  supplcnu'nlary  to  tlie  proci-diiiK  article  covorinR  the  ilovclopmcnls  in  the  electrical 
industry  during  the  past  year.  'Plie  advances  made  in  the  field  of  illumination  during  this  period  arc  very 
thoroughly  presented  in  the  full  report  of  Ihe  Committee  on  Progress  of  the  Illuminating  Engineering  Society, 
and  any  creditable  abstract  would  prove  to  be  unwieldly  except  as  a  separate  article. — liuiTDR. 


INTRODUCTION 

A  review  of  reetirded  infoi-iualioii  re<:;ar[lint; 
sources  of  lij:;ht,  the  lijihlinj;  industry  and 
other  factors  germane  to  illuminating  engi- 
neering shows  that  since  the  last  report  of 
this'  committee  there  has  been  progress  in 
spite  of  the  fact  that  the  prosecution  of  the 
war  absorbed  the  interest  and  activities  of 
practically  all  classes  of  workers  throughout 
the  country.  The  very  necessity  of  continuous 
night  work  in  factories,  together  with  the 
demand  for  the  highest  precision  and  largest 
output,  has  shown  conclusively  the  value  of 
lighting  conditions,  and  their  effect  on 
manufacture. 

Little  has  been  reported  of  foreign  activities 
and  this  mostly  on  the  theme  of  restricted 
lighting.  In  view  of  the  fact  that  some 
countries  hke  Denmark  and  Holland  have 
been  forced,  owing  to  coal  shortage,  to  come 
down  to  the  use  of  candles  and  oil  lamps, 
this  is  not  stirprising.  Nevertheless,  some 
research  work  is  apparently  still  going  on  in 
Germany  and  it  is  possible  that  there  have 
been  developments  of  importance,  description 
of  which  has  not  been  permitted. 

The  total  eclipse  of  our  main  source  of 
light  was  expected  to  furnish  an  opportunity 
for  much  new  information  regarding  this  most 
vital  factor  in  human  existence.  There  has 
not  as  yet  been  time  to  publish  the  analysis 
of  the  results  of  observations  but  some 
interesting  points  have  been  reported.  At 
Goldendale'  where  the  observers  of  the  Lick 
Observatory  were  located,  the  sky  was 
completely  covered  with  clouds  all  day  until 
just  before  the  eclipse  when  a  rift  appeared 
which  opened  up  so  that  a  very  small  area 


*  An  annual  report  prepared  for  the  .\n 
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of  the  blue  sky  free  from  clouds  had  the  sun 
at  its  center  exactly  at  the  middle  of  the  total 
phase.  This  region  cleared  not  more  than  a 
minute  before  the  beginning  of  totality,  and 
clouds  again  covered  the  sun  less  than  a 
minute  after  the  passing  of  the  shadow.  All 
the  instruments  and  all  of  the  observers  were 
ready  and  their  program  went  through  as 
planned. 

Manufacture 

The  war  caused  such  a  shortage  in  coal 
supply  that  most  European  countries  experi- 
enced- great  difficulties  in  keeping  up  the 
manufacture  of  gas. 

An  English  inventor^  has  brought  out  what 
is  called  a  new  gas  of  low  B.t.u.,  SM)  or  less, 
and  a  considerable  agitation  as  to  the  merits 
of  his  proposals  has  resulted.  He  claims  the 
possibility  of  increasing  the  efficiency  of 
utiHzation  of  the  B.t.u.,  in  good  quality, 
clean  dry  coal  from  50  to  S3  per  cent.  Another 
new  developmenf*  in  gas  mamifactm-e  is  the 
production  of  gas  from  straw  refuse  on  the 
big  ranches  of  northwestern  Canada.  A 
retort  has  been  invented  for  carbonizing 
straw  and  other  cellulose  material,  therebv 
decomposing  them  into  combustible  gases, 
tars,  and  ammonia.  A  ton  of  straw  will  give 
between  11.000  and  12,000  cu.  ft.  of  gas  of  a 
calorific  value  of  approximately  400  B.t.u. 
per  cubic  foot.  From  every  ton  of  straw  there 
is  obtained  6  to  S  gallons  of  tar  and  ammoni- 
acal  liquor.  In  the  three  prairie  pro^-inces  of 
Western  Canada  only,  it  is  said  twenty 
millions  tons  of  straw  are  available  annually 
-which  could  be  used  to  produce  140,000 
million  cubic  feet  of  gas. 

A  new  gas  burner*  introduces  directly  to 
the  inner  surface  of  the  inner  cone  of  the 
Bunsen  flame,  a  secondary  supply  of  heated 
air  independent  of  that  which  forms  the 
mixture  in  the  tube.      It  is  claimed  that  a 
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more  perfect  gas  and  air  mixture  is  obtained. 
The  use  of  large  gas  lamps  containing  as 
many  as  fifteen  mantles  is  increasing.^  A 
new  system  of  gas  utilization  has  been 
developed^  by  an  English  inventor.  He  has 
devised  what  is  called  a  pressure  balance 
and  is  said  to  have  obtained  a  candle-power 
of  from  130  to  150  with  a  small  gas  mantle 
and  a  consumption  of  less  than  3  cu.  ft.  per 
hour. 

It  is  reported^  that  a  supply  of  monazite 
sand  from  the  Travancore  District  of  India 
is  now  being  obtained  by  an  American 
company.  Possession  of  this  property  before 
the  war  by  German  manufacturers  enabled 
them  to  figure  prominently  in  the  world's 
supph'  of  thorium  for  the  making  of  mantles. 

Calorific  Standards 

After  a  careful  study  of  the  tests  made  by 
the  inspection  department,  the  Gas  Com- 
mission of  Massachusetts  has  tentatively 
decided*  to  adopt  the  French  standard,  viz., 
528  B.t.u.  as  the  calorific  standard  for  gas  in 
Massachusetts.  Previous  to  issuing  the  order 
tests  were  conducted  for  six  months  in  nine- 
teen gas  plants.  The  question  of  a  universal 
adoption  of  528  B.t.u.  as  the  standard  for  gas 
throughout  the  country  has  been  raised" 
by  the  United  States  Fuel  Administration. 
It  is  pointed  out  that  this  would  mean  the 
doom  of  the  old  open-flat-flame  burner,  as 
with  the  elimination  of  the  candle-power 
requirements  such  a  standard  is  ideal  for 
incandescent  gas  lighting.  The  purpose  of 
such  an  order  would  be  to  conserve  oil. 
Agitation  for  a  univeral  calorific  standard 
and  the  abolition  of  the  candle-power  stand- 
ard is  also  being  carried  on^  in  England. 

At  the  request  of  the  U.  S.  Ordnance 
Department  the  600  B.t.u.  required  average 
in  several  New  Jersey  cities  was  lowered  to 
570,  it  being  understood  that  the  permit 
would  be  maintained^  as  long  as  the  govern- 
ment finds  it  necessary  in  order  to  obtain  a 
sufficient  supply  of  toluol.  Similarly^  at 
the  request  of  the  Federal  Government  gas 
companies  in  the  First  District  of  the  New 
York  Public  Service  Commission  could  elect 
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to  operate  under  a  heating  standard  for  the 
duration  of  the  war  and  three  months  there- 
after. An  interesting  fact  has  been  brought 
out  that  in  New  York  City  only  20  per  cent 
of  the  gas  consumed  is  used  for  open-flame 
lighting  purposes.  At  Minneapolis'  the 
Council  agreed  to  a  reduction  in  the  candle- 
power  standard  from  15  to  10,  but  no  reduc- 
tion was  made  in  the  heating  standard.  This 
action  is  to  last  for  the  period  of  the  war  or  as 
long  as  the  company  is  manufacturing 
toluol  for  the  government. 

Acetylene 

A  great  impetus  has  been  given'"  by  the  war 
to  the  use  of  acetylene  for  lighting  purposes. 
A  large  number  of  tanks  containing  the 
compressed  gas  are  being  used  in  portable 
hospitals  and  in  first  aid  stations.  Acetylene 
lamps  are  also  being  used  for  signaling 
purposes  on  the  principle  of  the  heliograph, 
and  the  same  gas  is  used  for  flare  lights  to 
illuminate  camps,  dugouts,  trenches,  and  for 
directing  troops  at  night  along  the  road. 
Small  portable  lamps-  are  being  made  in 
large  numbers  for  use  in  Cuba  and  other 
places  where  the  fire  regulations  are  not  so 
strict  as  in  this  country.  The  old  Derby 
wharf  light  located  off  the  city  of  Salem. 
Mass.,  has  been  equipped"  with  an  improved 
automatic  acetylene  apparatus.  Six  tanks 
are  provided  which  are  automatically  cut  in, 
thus  requiring  attention  only  once  in  six 
months. 

INCANDESCENT   LAMPS 
Manufacture 

The  fact  that  tungsten  is  used  not  only  for 
incandescent  lamps  but  also  in  connection 
with  the  manufacture  of  steel  makes  its 
availability  a  matter  of  considerable  interest. 
This  is  particularly  true  since  the  advent 
of  the  war  curtailed  the  communication 
which  formerly  permitted  the  importation 
of  this  mineral  from  any  part  of  the  world. 
According  to  reports  from  the  U.  S.  Consul 
at  Canton'^  there  is  a  rapidly  growing  ex- 
portation of  wolframite  from  China.  Much 
of  it  comes  from  a  district  so  remote  that 
the  ore  is  carried  on  human  shoulders  for  a 
distance  of  60  miles,  then  80  miles  by  junks, 
and  from  there  on  by  rail.  It  is  also  re- 
ported'^  that  the  wolframite  deposits  recently 
discovered  in  Brazil  are  very  rich  and  their 
location  favorable  to  exportation. 

Further  particulars  are  now  available  of 
the  process'''  for  producing  a  continuous 
tungsten  crystal  as  a  filament  to  be  used  in 
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place  of  the  ordinary  drawn  wire  in  ^;1()W 
lamps.  A  drawn  lunj^sten  wire  wliicli  in  ihe 
initial  eold  slate  lias  a  slrnetiire  niaile  ui)  of 
parallel  libers  he^jins  to  reeryslallizi'  after  a 
iilamenl  is  liealetl  to  ineandeseenee.  When 
this  rccrystallizatidn  is  comijletc  llie  extensi- 
bility and  flexibility  imparted  by  the  drawing; 
process  disappear,  makinj,'  the  filament  liable 
to  breakaj^e  from  shocks.  It  is  the  i)ur])ose  of 
the  new  process  to  ])rcserve  these  properties 
both  in  the  cold  and  hot  slates.  The  crystal- 
lized tilament  is  so  malleable  that  it  can  be 
wound  around  the  smallest  mandel,  and  it 
maintains  this  property  e\-cn  after  burning 
for  an  extended  period.  Tests  ha\'e  shown' 
that  these  lilamenls  have  remained  mechani- 
cally strong  even  after  121)0  hours  burning 
with  no  black  deposit  appearing  on  the 
inside  of  the  lamp  bulbs.  The  radiant 
properties  are  said  to  be  very  much  the  same 
as  those  of  pure  tungsten  wire  o^\^ng  to  the 
small  amount  of  thorium  oxide  used. 

Carbon  Lamps 

A  circumstance  which  seems  unexplainable 
to  the  ordinary  engineer  is  the  fact  that  in 
spite  of  the  cheapness  and  superiority  of  the 
tungsten  filament  lamps,  the  use  of  carbon 
filament  lamps  still  shows  an  increase.^ 
The  Government'  retained  its  carbon  lamp 
schedule  in  the  "Standard  Specifications" 
"because  these  lamps  still  properly  find  a 
considerable  application,  particularly  in  serv- 
ice where  the  renewal  cost  of  tungsten  lamps 
would  be  excessive  on  account  of  an  unusual 
amount  of  theft  or  breakage."  However, 
last  \-ear''  carbon  lamps  represented  only 
12  per  cent  of  the  total  sales  of  incandescent 
lamps,  and  the  pressure  being  brought  to 
bear  on  the  saving  of  energy  in  all  possible 
directions  may  have  a  decided  effect"  in  the 
direction  of  the  use  of  the  more  efficient  type 
of  lamp. 

Properties 

An  extended  investigation  has  been  carried 
out'  on  the  effect  of  the  form  of  the  voltage 
wave  on  candle-power,  efficiency,  and  life  of 
tungsten  filament  lamps  operated  on  alter- 
nating current.  In  order  to  magnify  the 
elTects,  20  and  25-watt  lamps  were  used. 
At  the  end  of  1000  hours  burning  the  average 
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caiidle-|)ower  (jf  lamps  burned  on  a  sine  wave 
was  slightly  higher  than  those  liurncd  on  a 
])eaked  wave.  Similar  results  were  r,biaine<! 
in  the  elliciency  test.  In  the  life  |>erformance, 
excessive  breakage  occurred  on  the  peaked 
wave,  amounting  to  nearly  five  times  that 
on  the  sine  wave. 

The  subject  of  "overshooting"  of  the 
temi)erature  and  hence  the  candle-fjower 
of  tungsten  lamps  has  been  studied  at  some 
length  in  the  jjast.  Recenth'  there  appeared 
a  rejjort  of  an  investigation'  on  the  amount 
of  "overshooting"  in  current,  when  metal 
filament  lamps  are  thrown  in  circuit.  It  was 
found  that  the  initial  current  does  not  rise 
to  a  value  greater  than  nonnal  proportionate 
to  the  ratio  of  the  hot  to  cold  resistance. 
\'arious  factors  decrease  the  efficiency  voltage 
at  the  lamp,  thereby  preventing  the  current 
from  rising  to  a  high  value.  The  higher 
wattage  lamps  do  not  "overshoot"  to  so 
high  a  percentage  above  normal  as  the 
low-wattage  lamps,  and  the  "overshooting" 
of  vacuum  lamps  is  slightly  less  than  that 
taking  place  in  the  gas-filled  type.  It  was 
found  that  with  the  circuit  breakers  and  fuses 
of  proper  rating  and  set  correctly,  there  was 
no  reason  for  trouble  when  throwing  in  a 
circuit  containing  gas-filled  tungsten  lamps. 

Tests  have  been  made*  to  determine  what 
conditions  favor  flickering  with  a  periodically 
varying  source  of  light,  the  lowest  frequency 
permissible  with  modern  metal  filament 
lamps,  and  the  greatest  voltage  variation 
permissible  on  either  direct  -  current  or 
alternating-current  systems  of  a  frequency 
too  high  to  produce  flickering.  The  fact 
that  the  frequency  at  which  flickering  ceases 
is,  over  ■uide  limits,  proportionate  to  the 
logarithm  of  the  intensity  of  illvimination. 
was  confirmed.  The  permissible  voltage 
variation  was  found  to  depend  upon  the 
frequency.  The  lowest  frequency  at  which 
flickering  is  avoided  was  about  30  cycles  per 
second. 

ARC  LAMPS 
Flaming  Arc  Lamps 

The  flaming  arc  lamp  which  uses  calcium 
fluoride  as  its  extra  light-producing  con- 
stituent has  a  decidedly  yellow  appearance. 
The  addition  of  uranium  as  an  ingredient, 
together  with  the  calcium  fluoride  results  in 
a  snow  white  arc  which  is  said  to  be  exception- 
ally rich  in  blue  and  violet  rays,  and  to  have 
considerably  more  photographic  power  than 
an  arc  in  which  the  rare  earth  fluorides  or 
titanium  oxide  is  used.^      This  uranium  arc 
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has  about  six  times  as  much  ultra-violet 
radiation  as  the  ordinary  iron  arc  used  in 
medical  work,  and  hence  its  use  for  medicinal 
purposes  is  suggested.  Efforts  are  con- 
tinuously being  made  to  extend  the  sphere 
of  usefulness  of  the  arc  lamp.  Thus  the  white 
flaming  arc  has  been  adapted  for  use  in 
motion-picture  projection  in  those  cases 
where  only  alternating  current  is  available. 
A  more  uniform  light  distribution  is  obtained 
and  the  noise  is  much  reduced. 

Motion  Picture 

It  is  claimed'  that  the  correct  ratio  of  the 
diameters  of  the  positive  and  negative 
electrodes  has  an  important  influence  on  the 
steadiness  of  the  arcs  used  for  cinematograph 
work,  and  that  a  ratio  of  4  to  1  is  right. 
Further,  by  putting  a  second  coating  of  nickel 
over  the  copper  plating  of  the  negative 
carbon,  all  flickering  and  sputtering  can  be 
avoided.  As  the  present  vertical  arc  lamps 
used  in  motion-picture  projection  work  were 
found  to  be  unsatisfactory  when  used  with  a 
new  color  photography  development^  an 
improved  arc  has  been  worked  out  for  this 
special  purpose.  It  is  a  horizontal  magneti- 
cally controlled  arc  which  is  claimed  to  give 
approximately  one  third  more  light  for  the 
same  current  than  standard  vertical  arcs  and 
may  be  relied  upon  for  consistency  of  position 
of  the  source. 

LAMPS  FOR  PROJECTION  PURPOSES 
Flashlights 

The  extensive  use  and  importance  of 
flashlights  is  indicated^  by  the  demands  of 
the  Navy  Department,  which  in  a  single 
demand  asks  for  182,000  dry  flashlight 
batteries  and  68,000  flashlights  without 
batteries.  The  shortage  of  materials  used  in 
dry  cells  and  small  accumulators  for  pocket 
flash  lamps  in  Germany''  stimulated  the  de- 
velopment of  the  hand-operated  magneto. 
Lamps  thus  equipped  are  more  expensive 
than  the  ordinary  tj^pe,  but  of  course  they 
do  not  need  the  battery  charging  or  replace- 
ment. A  type  weighing  only  one  pound  will 
provide  light  for  three  minutes  with  one 
release  of  the  spring,  which  can  be  wound 
with  a  pressure  of  the  thumb.     A  heavier 
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apparatus,  weighing  five  pounds  and  requiring 
both  hands  to  wind  the  spring,  will  furnish 
light  for  ten  minutes  on  one  winding.  In 
these  types  the  armature  rotates;  in  another 
lighter  type  the  fields  rotate.  A  moderate 
sized  apparatus  for  use  with  bicj-cles  weighs 
three  pounds.  Evidence  of  the  use  of  these 
magnetos  is  indicated  in  the  report  of  the 
finding  of  one  of  the  lamps  and  apparatus 
on  a  battle  field  of  France.^ 

Automobile  Lamps  and  Headlamps 

The  extent  to  which  the  demand  for 
electrical  lighting  equipment  for  automobiles 
has  grown  is  indicated  by  the  fact^  that 
there  are  said  to  be  in  operation  at  the 
present  time  some  4,000,000  pleasure  vehicles, 
a  large  majority  of  which  have  a  unit  power 
plant  to  furnish  electrical  energy  for  lighting, 
starting,  and  ignition.  In  order  to  make  the 
adjustment  less  difficult  it  has  been  sug- 
gested' that  the  ideal  form  of  filament  for 
auto  headlight  lamps  would  be  a  duplex 
helical  filament  with  one  helix  lying  in  the 
focal  axis  and  inside  aiiother  helix.  It  is 
claimed  that  such  a  filament  would  not 
require  so  sensitive  an  adjustment  as  is  now 
necessary  for  the  best  light  distribution. 

A  novel  arrangement  de\dsed*  to  keep  the 
light  from  an  automobile  within  legal  limits 
has  been  described.  It  consists  of  an  all-metal 
cellular  attachment,  containing  more  than 
9000  small  metal  reflectors.  This  attachment 
is  put  in  the  upper  half  of  the  head  lamp 
behind  the  regular  glass  door  and  is  said  to 
deflect  those  rays  which  normally  rise  above 
the  42-in.  level.  It  is  claimed  that  the  de\-ice 
transmits  93  per  cent  of  the  lamp's  candle- 
power.  The  New  York  State  headlight  law 
passed  last  year  demands  a  light  strong 
enough  to  reveal  objects  at  a  distance  of 
250  ft.  ahead,  and  that  no  dangerous  or 
dazzling  light  when  measured  75  ft.  or  more 
ahead  of  the  lamp  shall,  at  the  left  of  the  axis 
of  the  car,  rise  above  a  level  of  42  in.  It  has 
been  suggested^  that  a  simple  way  of  making 
an  ordinary  clear  glass  headlight  conform  to 
this  requirement  is  to  adjust  the  focus  of  the 
bulb  so  as  to  give  a  fan-shaped  pencil  of 
emitted  and  reflected  rays.  Then  paint 
the  bulb  a  solid  dark  green  over  that  part  of  it 
through  which  would  ordinarily  go  those 
rays  which  project  into  space  on  the  inroad 
side  of  the  axis.  There  have  also  been  de\ased 
spectacles'"  with  the  left  part  of  each  lens 
made  of  colored  glass  to  aid  the  driver  in 
avoiding  the  glare  caused  by  approaching 
undimmed  headlights. 
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AlduiUfd  oil  tlu'  voof  of  a  limniisiiK-  t\'i)i'  of 
aulomohili"  in  siidi  a  way  llial  il  ran  he  raised 
or  lowiTi'd,  or  rotated  two  feel  alxA'c  tlie 
roof  of  the  ear  by  llie  elianlTenr,  a  si^;nal 
lif^ht  is  made  up'  of  a  lamp  and  eomhinalion 
of  eolored  ^jlasses.  By  tliis  means  the  car 
ran  he  readily  located  hy  its  owner  when  it  is 
in  the  midst  of  a  crowded  j^-roup  of  oilier  cars. 

Many  times  in  liackinj,'  down  narrow  roads 
or  into  gara>.;cs,  il  wouhl  he  helpful  to  have  a 
lij^ht  in  the  rear  of  the  machine.  'Iliis  need 
has  been  provided  for'-'  in  a  eomhinalion 
searchlighl  and  tail  light  contained  in  a 
compact  case,  the  two  parts  heing  inde- 
penclcntly  controlled. 

An  imi)ro\-ed  micrometer  focusing  device 
])crmits'  of  the  most  delicate  adjustment  of 
the  lam]5  in  an  electric  headlight  of  a  locomo- 
tive. Independent  movement  vertically,  hori- 
zontally, and  laterally  is  pro\-idcd.  In  a  nen- 
licadlight  designed  for  use  on  mine  locomotives 
the  lamp  is  fastened  to  the  reflector,  and  the 
latter  and  the  lamp  socket  arc  flexibly  sus- 
pended'' in  the  casing.  This  helps  in  avoiding 
the  eftccts  of  vibrations  and  jars.  Another 
large  railroad'  has  started  to  replace  kerosene 
lamps  with  electrical  lamps  for  locomotive 
headlights.  About  2.500  will  be  changed  at 
the  rate  of  from  75  to  100  per  month. 

Signal  Lamps 

Special  lamps  for  signaling  and  for  lighting 
equipment  have  been  developed*  for  use  on 
aeroplanes.  A  telegraphic  signal  lamp  has 
been  devised'  consisting  of  a  brass  anchor 
light  with  Fresnel  lens  and  a  specially  con- 
structed Morse  key  which  is  provided  \^dth  a 
condenser  placed  in  its  supporting  base. 
Many  de\-ices  have  been  worked  out^  to 
warn  users  of  heating  de\'ices  such  as  irons, 
€tc.,  that  the  current  is  on.  To  meet  this 
need  a  line  of  receptacles  and  flush  plates  has 
been  designed.  A  standard  flush  plate  is 
used  in  which  is  set  a  small  bull's-eye  of 
ruby  glass.  Behind  the  bull's-eye  is  a  recep- 
tacle equipped  wdth  a  2-candle-power  lamp 
which  shines  through  the  glass  as  long  as  the 
current  is  turned  on. 

Motion-picture  Projection 

After  considerable  experimentation  the 
past  year  has  seen  the  introduction  of  the 

'  EUc.  Record.  Januarv.  1918.  p.  43. 

=  EUc.  Record.  June.  1918.  p.  37. 

'  Pop.  Set.  Monthly,  April,  1918,  p.  579. 

<  Elec.  Record.  July.  1918.  p.  33. 

»  Elec.  Rev.  (U.  S.).  August  18,  1917,  p.  283. 

«  Elec.  nid..  Mav  18.  1918,  p.  1031. 

'  Elec.  Merchandising.  May.  1918.  p.  275. 

'  Elec.  Wld..  October  6.  1917,  p.  696. 

»Gen.  Elec.  Rev..  December.  1917.  p.  979. 

See  also  Trans.  I.  E.  S..  June  10.  1918,  p.  232. 
'»  Elec.  April  12.  1918,  p.  846. 


)'as-lille<!  tungsten  lamp  into  the  realm  of 
inotioii-picliire  projection.  Owing  to  the  fact 
I  lull  the  intrinsic  brilliancy  of  a  tungsten 
lilaiiH'nl  at  operating  lempcratures  is  only 
alioul  one  fourth  that  of  the  craliT  (»f  the  arc 
ordinarily  used  and  thai  the  ordinary  con- 
<lenscrs  pick  up  a  very  large  i)ercenlagc  of 
I  he  useful  flux  fif  the  arc  and  would  lake  ujj 
only  a  very  small  percentage  of  thai  from  the 
lilamenl,  it  was  thought  that  the  use  of  a 
tungsten  lamp  was  imijracticahle  in  cinema- 
tography." These  dillicullies  have  been 
met  by  the  use  of  a  specially  designed  optical 
system.  The  most  important  part  of  this 
system  is  a  condenser  which  is  designed  with 
corrugations  like  a  semaphore  or  lighthouse 
lens.  It  was  found  possible  with  this  con- 
denser (21^  by  63^  ft.  conjugate  foci)  to 
intercept  light  through  a  solid  angle  of 
75  degrees  instead  of  32  degrees  available 
with  the  ordinary  piano  condensers.  The 
corrugations  also  performed  the  further 
function  of  breaking  up  the  image  of  the 
filament,  thus  eliminating  streaks  and  non- 
uniform illumination  on  the  screen.  A 
further  gain  in  the  effective  light  available 
was  obtained  by  using  a  spherical  mirror 
back  of  the  filament,  so  adjusted  that  the 
image  of  the  filament  is  thrown  back  on  itself 
in  such  a  way  that  the  images  of  the  segments 
occupy  the  space  between  the  segments  and 
thus  produce  the  efTect  of  a  solid  band  of 
light.  The  lamp  is  of  the  gas-filled  type  having 
a  specially  coiled  filament,  the  coils  in  four 
segments  lying  in  one  plane.  Two  sizes  are 
at  present  available,  one  of  600-watt 
capacity,  taking  20  amperes  at  30  volts,  the 
other  of  750-watt  capacity,  taking  30 
amperes  at  25  volts.  Extreme  precautions 
are  necessary  ■^•ith  these  lamps  to  keep  the 
current  at  a  constant  value  since  the  filament 
operates  normally  at  a  very  high  temperature 
w-hich  does  not  allow  of  much  fluctuation 
if  the  rated  life  of  100  hours  is  to  be  obtained. 
These  lamps  are  said  to  be  suitable  for  use  in 
theaters  projecting  pictures  up  to  14  ft.  wide 
and  with  a  throw  as  far  as  SO  or  90  ft. 

It  is  claimed'^  that  in  Germany  it  has  been 
found  possible  to  make  lamps  for  projection 
purposes  using  currents  as  high  as  200 
amperes.  The  difficulty  in  making  air-tight 
joints  where  the  leading-in  wires  pass  through 
the  stem  is  said  to  have  been  overcome  b}-  a 
special  method  which,  however,  is  not 
disclosed.  Apparently  the  lamps  are  of  the 
same  type,  using  a  mirror,  as  those  just 
described.  The  efficiency  is  given  as  in  the 
neighborhood  of  0.25  watts  per  Hefner  candle 
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Miners'  Lamps 

The  U.  S.  Bureau  of  Mines  has  published^ 
a  pamphlet  in  which  have  been  compiled  the 
coal  mine  fatalities  in  the  United  States. 
There  is  included  a  list  of  permissible  explosive 
motors,  and  lamps,  bulbs,  glasses,  igniters, 
etc.  This  supersedes  all  previous  lists  dealing 
with  safety  lamps  of  both  the  electric  and 
flame  type. 

INFLUENCE  OF   THE   WAR 

While  on  the  battle  field  li^ht  in  all  its 
various  applications  is  a  vital  factor  (as  in 
signaling  through  the  use  of  colored  flares, 
rockets,  etc.;  in  specific  illumination,  as  of 
"No  Man's  Land"  to  prevent  surprises;  in 
searchlights  both  to  aid  in  advances  and  to 
protect  from  attacks ;  in  flash  lamps  for  trench 
and  scouting  work)  and  while  in  the  factory 
there  has  been  a  greatly  increased  vise  of  light, 
the  influence  of  the  war  on  ordinary  domestic 
lighting  was  strongly  in  the  direction  of  cur- 
tailment for  the  purpose  of  saving  fuel. 

The  high  speed  night  and  day  work  re- 
quired in  munition  plants  and  by  those 
working  on  war  orders  emphasized^  the  im- 
portance of  good  lighting.  Lack  of  proper 
illumination  results  in  accidents,  mistakes, 
waste,  and  labor  limitations.  In  a  powder 
mill  the  question  of  safety  is  of  paramount 
importance,  and  special  precautions  are 
taken  in  such  places  to  enclose  the  units  to 
avoid  possible  explosion  resulting  from  ex- 
posed heated  filaments,  or  arcs  in  case  of  bulb 
breakage.  Another  aspect  of  wartime  light- 
ing was  found  in  the  lighting  of  the  canton- 
ments which  sprang  up  like  magic  last  fall. 
Here  the  provision  of  sufficient  illumination 
to  insure  cheerfulness  had  to  be  combined 
with  adequate  shielding  to  protect  the  eyes 
of  the  men  from  glare  from  the  lamps.  The 
problem  of  protective  lighting  of  btiildings 
and  roads  also  required  careful  consideration. 

It  is  stated^  that  in  both  the  French  and 
Italian  armies  portable  electric  light  plants 
were  largely  used  for  the  lighting  of  stafi" 
quarters.  The  generator,  coupled  direct  to 
a  gasolene  engine  and  mounted  on  a  wooden 
platform,  is  capable  of  being  carried  by  a 
couple  of  soldiers,  and,  having  been  trans- 
ported on  a  motor  truck,  can  be  utilized  in 
about  an  hour's  time  after  its  arrival. 

1  Elec.  Rev.  (U.  S.),  January  19,  1918,  p.  137. 

2  Elec.  Rev.  (U.  S.),  January  5,  1918.  p,  3. 
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5  Ibid.,  December  15,  1917.  p.  11.59. 

«  Elec.  Rev..  (U.  S.).  January  5,  1918,  p.  32. 

'  Elec.  Wld..  January  5,  1918,. p.  .58. 

8  Elec.  Wld..  April  27.  1918,  p.  888. 

9  Elec.  Wld..  July  6,  1918,  p.  26,  and  July  27,  1918,  p.  176. 
'1  Sisns  of  the  Times.  February,  1918,  p.  18. 


Restricted  Lighting 

The  government  followed  the  lead  of  for- 
eign countries  in  endeavoring  to  save  fuel 
by  issuing  orders  restricting  its  use  for  the 
purpose  of  maintaining  display  lighting  of 
all  kinds.  The  first  action,  taken  November 
9,  1917,  was  the  restriction  of  the  use  of  coal 
for  sign  lighting  to  the  hours  between  7:45 
p.m.  and  11  ;00  p.m.  with  certain  exceptions.^ 
Experts  of  the  Fuel  Administration  estimated 
that  250,000  tons  of  coal  are  used  each  year 
for  display  electric  lighting  and  it  was  hoped 
much  of  this  could  be  saved  for  other  uses. 

Subsequently^  there  was  under  consider- 
ation by  the  Fuel  Administration  a  plan  for 
"lightless  nights"  in  which  it  was  proposed 
to  darken  all  outdoor  lighting  other  than  that 
required  for  police  purposes.  This  plan  was 
put  into  eft'ect  by  an  order  issued  December 
14th  making  Sunday  and  Thursday  nights 
practically  "lightless."  This  order  also 
pro\dded  for  the  restriction  of  considerable 
indoor  lighting.  Both  orders  were  made 
inoperative^  for  districts  where  energy  is 
obtained  through  water  power.  On  January 
2d  a  still  more  drastic  order'  by  the  State 
Federal  Fuel  Administrator  made  the  lightless 
rules  apply  to  every  night  but  Saturday  in 
New  York  State.  However,  these  orders 
were  suspended^  April  25th  and  a  new  order 
which  was  more  drastic  for  the  New  England 
and  Eastern  states  than  in  those  states  where 
the  fuel  transportation  problem  is  not  so 
great,  went  into  effect  July  24th. ^  Under  this 
order  the  use  of  light  generated  or  produced 
by  the  use  of  coal,  gas,  oil,  or  other  fuel  for 
illuminated  or  display  advertisements,  an- 
nouncements or  signs,  or  for  external  ornamen- 
tation of  any  building  was  to  be  discontinued 
on  the  first  four  days  of  each  week  in  the 
Eastern  states  and  the  first  two  daj^s  through- 
out the  remainder  of  the  United  States. 
Street  illumination  was  restricted  and  the  use 
of  light  in  show  windows  prohibited  from 
sunrise  to  sunset  of  each  day  of  the  lightless 
nights  designated  in  the  order.  Similar 
curtailments  were  made  in  Michigan ;i''  St. 
Louis,  Mo.;  Indianapolis,  Ind.;  Minneapolis, 
Minn.;  Cincinnati,  Ohio;  and  throughout 
New  England. 

STREET  LIGHTING 

Since  the  introduction  of  the  high-powered, 
gas-filled  tungsten  lamp  into  the  field  of  street 
lighting,  a  great  many  arc  lamps  ha^-e  been  dis- 
placed by  them.  But  that  the  arc  lamp  is  by 
no  means  a  back  number  in  this  sphere  of  work 
is  demonstrated    bv  its  use  in  the  so-called 
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iiili'nsi\i' 1)1-  ornaiiu'iilal  stri'fl  li^.liliii).;  iii  llic 
main  husiiu'ss  stri-i'ls  dI'  Iar^;i'  filios.'  'I'liis 
lyiu'  (if  lij;lilinn  eiiilxidyinj,'  the  "i-ily  Ijeauli- 
ful "  plan  was  iiiilialfd  in  the  so-callfd 
"I'alli  111'  (i()l(l"  on  Marled  Street  in  San 
I-'rancisct),  and  a  similar  installation  was  made 
at  about  the  same  limi-  in  Salt  Lake  City. 
In  last  year's  report  referenei'  was  made  to 
l)lans  for  the  use  of  this  system  in  the  Trianf^le 
District  of  San  l-'raneiseo  antl  Los  An),'eles, 
the  latter  city  introducing;  the  novelty  of 
havinf;  two  designs  of  standards  alternalinK 
with  somewhat  diflerent  silhouettes.  Among 
the  other  cities  in  which  the  jK'iident  type 
luminous  arcs  have  been  installed  during  the 
past  \-ear  may  be  mentioned  Philadelpiiia. 
Pa.;  Baltimore,  Md.;  Bridgeport  and  New- 
Haven,  Conn.;  Lowell,  Cambridge  and  Salem, 
Mass.,  as  well  as  others  to  be  referred  to  later. 
The  Bureau  of  Standards  has  begun  work- 
on  an  extensive  series  of  measurements- 
designed  to  pro\'ide  information  to  be  in- 
corporated in  a  street-Hghting  circular  to  be 
issued  by  the  Bureau.  Among  the  early  fea- 
tures of  the  w-ork  were  measurements  made  on 
two  types  of  street  arc  lamps  to  determine  the 
distribution  of  light  and  variation  of  candle- 
power  and  efficiency  with  current. 

OTHER  EXTERIOR  ILLUMINATION 

Data  have  been  given^  showing  the  light- 
house equipment  of  the  Great  Barrier  reef 
w-hich  forms  a  natural  breakwater  about 
1000  miles  long  on  the  eastern  coast  of 
Queensland.  Flashlight  acetylene  lamps  of 
the  automatic  or  "unattended"  type  are  used, 
those  of  loOO  c-p.  being  \'isible  for  13  miles, 
while  those  of  5000  c-p.  can  be  seen  at  nearlj* 
26  miles. 

What  is  said  to  be  the  most  complete  and 
modern  w^holesale  produce  market  in  the 
country''  has  been  completed  in  Los  Angeles, 
Cal.  The  lighting  is  accomplished  by  means 
of  3()  gas-filled  lamps  of  300  c-p.  each, 
supported  at  a  height  of  approximately  30  ft. 
by  a  tubular  steel  post  5  inches  in  diameter 
and  tapering  toward  the  top  and  arranged  as  a 
flag-staff. 

Display  Lighting 

A  good  illustration  of  co-operation  between 
a    landscape   architect    and    an   illuminating 

'  From  data  submitted  to  the  Committee  on  Lighting  and 
Illumination  of  the  American  Institute  of  Electrical  Engineers, 
and  used  by  permission. 
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'  EUc,  April  12.  1918.  p.  846. 

<  EUc.  Rev.  (U.  S.).  June  8,  1918.  p.  962. 

^EUc.  Rev.  (U.  S.).  March  30.  1918,  p.  551. 

^  EUc.  News.  October  1.  1917.  p.  56. 

'  E  Uc.  Wld..  September  29.  1917.  p.  638. 

»  Municipal  Jour..  March  16.  1918.  p.  221. 


cii^Mncrr  is  to  be  found  in  tin-  lighting  of  a 
fountain  on  a  coinitry  estate.''  Hy  the  use  lA 
concealed  lighting  (red,  green,  and  blue  lam|<s 
in  four  sets  of  outlets),  the  water  in  the  jujoI 
and  falls  is  made  to  assume  the  [primary  hues 
and  intermediate  tints.  The  circuits  are 
arrangefl  for  indeiiendent  or  flasher  control. 

The  use  of  color  in  (loodlighling  and  disi)lay 
lighting"  was  well  illustrated  in  the  spectacu- 
lar illumination  of  the  Canadian  National 
iCxhilntion  at  Toronto.  The  fountain  was 
lighted  by  Hi  groups  of  flo(K]lighting  units, 
nine  2()0-watt  lamjjs  to  a  group  being  arranged 
around  the  outer  rim  of  the  large  catch  basin 
just  l)elow  the  surface  of  the  water.  White, 
blue,  and  green  lamps  were  employed.  The 
dome  of  the  horticulture  building  was  lighted 
by  alternate  rows  of  red,  white,  and  blue 
lamps,  212  in  all.  The  grandstand  was 
provided  with  40  reflector  units  of  which 
24  were  stationary  and  the  remainder  mov- 
able. The  reflectors  were  2.S  inches  in  diam- 
eter, carried  1000-watt  lamps  and  were 
provided  with  colored  glass  screens. 

Parkways 

Statistics  have  been  gathered'  by  the 
Bureau  of  Census  showing  the  relative  use  of 
different  illuminants  for  park  and  street 
lighting  during  the  past  ten  years.  The 
results  are  shown  in  the  following  table: 


PER  CENT  OF  TOTAL  KUHBER 

Type  o£  Lamp 

LighUng   1        Street  Ligljting 

1916       i       1909       i       1907 

Electric  arc 

Incandescent  electric  . 

Gas 

All  other 

8.5 

80.1 

6.2 

5.3 

34.5           34.2 

16.3           10.6 

41.5           45.1 

7  7           10  1 

It  will  be  seen  that  for  this  type  of  lighting 
the    use    of    incandescent    lamps    has    been 

growing  steadily. 

The  fact  that  at  the  153  safety  islands  at 
street  intersections  in  Chicago*  270  accidents 
occurred  in  one  year  has  led  to  investigation 
of  causes  and  a  recommended  type  of  stand- 
ard. Posts  should  be  painted  white  and 
surmounted  b}-  a  red  globe.  A  white  globe 
with  a  red  bulb  inside  has  not  proved  satis- 
factor}%  nor  has  the  two-colored  globe,  red 
above  and  white  below  to  light  up  the  posts. 
.Small  white  lights  in  opaque  reflectors  just 
below  the  red  signal  will  furnish  the  illumi- 
nation of  the  post  without  causing  glare  in 
the  eyes  of  drivers. 
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The  use  of  small  farm  lighting  plants' 
operating  on  a  storage  battery  is  growing. 

Floodlighting 

A  novel  method  of  obtaining  the  flood- 
lighting of  a  store  building  front  was  worked 
out^  in  a  city  where  the  projection  of  flood- 
light across  the  street  is  prohibited.  An 
electric  sign  extending  the  length  of  the 
building  was  made  in  the  form  of  a  valance 
and  attached  to  the  outer  edge  of  the  eaves 
of  the  roof.  The  lower  outline -of  the  valance 
is  closely  studded  with  bull's-eyes  which 
project  light  used  for  floodlighting  in  the 
rear  of  the  sign;  100-watt  gas-filled  lamps  are 
used  as  sources. 

More  attention  to  detail  is  being  paid  in 
floodlighting  installations.^  This  is  illustrated 
in  the  case  of  a  Western  bank  lighted  by  the 
use  of  twelve  projectors  containing  six 
500-watt  and  six  750-watt  lamps.  It  was 
desired  to  preserve  the  appearance  of  the 
architectural  features  as  seen  under  noon 
sunlight,  and  projectors  placed  in  three 
horizontal  banks  were  mounted  on  a  building 
diagonally  opposite  in  such  a  position  and 
at  such  a  height  as  to  simulate  this  condition. 
Another  example*  of  floodlighting  a  large 
building  is  that  of  the  administration  offices 
of  the  Utah  University  which  is  rather  unique, 
as  educational  institutions  are  not  ordinarily 
so  treated.  Ten  500-watt  projector  units  are 
used. 

The  floodlighting  of  the  traffic  officer^  as 
he  stands  at  his  post  on  dark  and  foggy  nights 
has  been  found  so  satisfactory  in  St.  Louis 
that  searchlights  for  this  purpose  have  been 
installed  at  five  especially  dangerous  cross- 
ings. 

A  unique  application  of  floodlighting^  is 
found  in  the  illumination  of  an  enormous 
sign  made  of  concrete  and  built  into  the  side 
of  a  hill.  One  of  the  numerals  in  the  sign  is 
70  ft.  by  130  ft.  (21.3  m.  by  39.6  m.).  Nine 
1000-watt  projector  units  are  used,  arranged 
in  a  horizontal  line  on  a  platform  supported 
by  two  poles. 

Protective  Lighting 

Much  attention  and  study  have  been  given 
to  the  subject  of  protective  lighting'  as  many 
factors  of  illuminating  engineering  practice, 

1  EUc.  Rev,  (U.  S.),  December  22.  1917.  p.  1078. 

2  The  Dougherty  News,  July.  1918.  p.  8. 
'  Jour,  of  Elec,  January  1.  1918.  p.  37. 

<  Jour,  of  Elec,  March.  15,  1918.  p.  294. 
>  Municipal  Jour.,  March  5.  1918,  p.  12. 
«  EUc.  Wd.,  September  29,  1917.  p.  635. 
'  EUc.  Wld.,  June  15.  1918.  p.  1269. 
8  Pof.  Mech.,  December,  1917,  p.  894. 
'  Jour,  of  Elec,  December  15,  1917,  p.  540. 
i»EZec.  Wld.,  December  22.  1917,  p.  1200. 


such  as  intensity,  distribution  and  glare,  have 
marked  significance  and  their  correct  co- 
ordination is  of  vital  importance  in  the 
application  of  this  branch  of  lighting  to 
industrial  activities.  It  has  been  pointed  out 
that  search-lamp  and  flood-lamp  requirements 
are  difiierent,  and  that  in  many  instances 
either  or  both  are  used  when  ordinary 
reflectors  would  be  sufficient. 

To  aid  in  constantly  guarding  a  western 
dam^  use  has  been  made  of  a  source  consisting 
of  a  14-in.  silvered  reflector  backing  a  group 
of  ordinary  gas  mantles.  The  projector  is 
mounted  above  an  oblong  case  containing 
the  fuel  and  pressure  tanks  and  all  operating 
valves.  Gasolene  is  used  for  fuel  and  it  is 
claimed  the  arrangement  is  easily  handled 
by  one  man  and  particularly  useful  for 
isolated  locations  where  gas  or  electricity  is 
not  available. 

As  war  conditions  continue^  the  importance 
of  protective  lighting  was  more  and  more 
appreciated.  This  was  particidarly  true  of 
power  plants,  and  various  methods  were 
employed.  A  system  used  by  a-  large  plant 
which  supplies  power  to  a  lead  and  zinc 
mining  district  leaves  the  power  house  itself 
in  total  darkness,  but  all  avenues  of  approach 
so  brilliantly  lighted  that  the  unnoticed 
advent  of  a  nocturnal  visitor  would  be 
impossible. 

The  United  States  War  Department  has 
issued  a  pamphlet  on  "Protective  Lighting" 
(Document  No.  800)  in  which  the  need  for 
protection  of  public  works,  industrial  plants 
and  other  property  which  is  vital  to  the 
prosecution  of  the  war  and  to  the  welfare  of 
the  public,  is  described.  The  importance  of 
artificial  lighting  as  a  means  of  guarding  such 
property,  and  methods  of  making  such  lighting 
effective  and  of  insuring  continuity  of  lighting 
service  are  described.  The  material  for  this 
pamphlet  was  prepared  by  our  Committee  on 
War  Ser\dce. 

Sports 

In  general,  use  of  floodlighting  for  outdoor 
sports  has  become  so  common"'  that  it  is 
something  of  a  novelty  to  find  a  place  where 
this  method  has  not  been  used.  In  the  case 
of  a  certain  athletic  field  the  cost  precluded 
the  adoption  of  floodlighting.  Good  results 
were  obtained,  however,  by  using  thirteen 
1000-watt  lamps  in  angle  reflectors  on  each 
side  of  the  field,  which  is  approximatelv 
450  ft.  long  by  270  ft.  wide  (137.1  m.  by 
82.2  m.).  On  one  side  the  lamps  were  mounted 
under  the  edge  of  the  roof  of  the  grandstand. 


I'koc.UI'SS  1\   If.LUMINATKJN 


On  the  ntluT  sido  tlii'V  wi-ri-  sup]K)rle(l  on  a 
cable  carried  !)>•  three  poles.  The  lamps  were 
all  mounted  at  approximately  4;")  ft.  (l.TT  m.) 
from  the  ^jroiind  and  spaced  al)t>ut  2')  ft. 
(7.(i  m.)  apart.  The  a\era^;e  illumination  was 
l.or)  foot-candles,  with  a  maximum  of  4.40 
and  a  minimum  of  U.."{(I4.  In  front  of  the 
Rrandslanii  the  averaj,'e  illumination  was 
2.75)  fool-candles. 

A  case  is  recorded'  where  threshinR  was 
carried  on  at  nij^'ht  with  the  aiil  of  lami)s 
placed  in  the  barn.  A  shortage  of  lal)or  having 
made  it  impossible  to  get  help  during  the 
day,  enough  men  employed  in  shops  in  the 
daytime  were  obtained  to  carry  on  the  work. 

Electrical  com])anies  and  town  councils 
have  oiTered-  to  pro\-ide  the  lighthouses 
necessary  to  light  the  aerial  route  between 
Dayton,  Ohio;  Indianapolis,  Indiana,  and 
other  cities  to  be  used  by  the  a\nation  corps 
of  the  army.  Searchlights  will  be  turned 
upward  each  night  to  guide  the  aviators  in 
their  flights. 

INTERIOR  ILLUMINATION 
Systems 

Certain  conclusions  were  reached  regarding 
the  relative  expense  of  direct,  indirect,  and 
semi-indirect  methods  of  illumination  in 
connection  ^\-ith  a  series  of  tests  by  a  foreign 
engineer  to  determine  the  relative  costs  and 
merits  of  gas-filled  tungsten  incandescent 
lamps  and  arc  lamps.'  The  tests  were  made 
in  a  room  ten  meters  by  six  meters,  with 
white  ceiling  and  frieze  and  gray  walls.  The 
watts  per  lux  per  square  meter  of  floor  area 
was  taken  as  a  basis  of  comparison.  The 
results  indicated  that  semi-indirect  lighting 
with  tungsten  lamps  is  as  cheap  as,  or  cheaper 
than,  direct  lighting;  for  equal  illumination, 
indirect  lighting  is  about  20  per  cent  dearer 
than  direct  and  30  per  cent  dearer  than 
semi-indirect  lighting.  These  results  have 
been  criticized  by  another  foreign  engineer 
who  claims  that  indirect  is  8214  per  cent  and 
semi-indirect  40  per  cent  dearer  than  direct 
lighting  where  the  comparison  is  made  with 
the  most  efficient  types  of  reflectors  in  the 
three  sj-stems.  given  identical  conditions, 
and  as  a  requirement,  the  same  foot-candle 
illumination.  Reference  should  be  made  to  the 

1  Elec.  Wld..  December  1.  1917.  p.  1072. 

'  EUc.  (London).  November  23.  1917.  p.  260. 

>Zei(j.  Vtr.  Deulsch.  Ing..  July  28.  1917.  p.  62.5. 

See  also  Science  Abstracts  B.  October  31.  1917.  p.  392. 
«  Elec.  Rev..  Nov.  24.  1917.  p.  S91. 
ijour.  of  Elec.  March  1.  1918.  p.  239. 
'  Moving  Picture  World.  December  22,  1917.  p.  1798. 
'  III.  Eng.  (London).  September.  1917.  p.  233. 
8  .Moring  Picture  World.  Januarv  19.  1918.  p.  375. 
'Jour,  of  Elec.  March  1,  1918.  p.  225. 


data  presented*  to  this  Society  on  the  pro- 
portions for  general  and  loializcd  lighlinj;. 
A  large  number  of  eases  where  such  a  combi- 
nation is  used  makes  any  data  on  the  subject 
\alual)le. 

House  Lighting 

I'or  some  lime  there  has  been  a  tendency 
in  the  better  class  of  new  houses  to  omit  the 
center  chandelier,  l)Ut  a  western  builder  has 
carried  this  idea  still  further  and  eliminated 
side  lighting  brackets,  thus  causing  no  breaks 
in  the  lines  of  either  walls  or  ceilings.'  Plenty 
of  daylight  is  furnished  and  at  night  the  same 
ciTect  is  simulated  through  the  use  of  portable 
pedestal  lamps  giving  a  totally  inrlirect 
system  of  general  illumination.  Localized 
lighting  is  pro\4ded  by  portable  table  and 
desk  lamps. 

Theaters 

The  growing  appreciation  of  the  value  of 
color  in  creating  the  right  atmosphere  in 
places  of  amusement  is  shown  in  the  lighting 
installation  of  one  of  the  newest  and  largest 
motion-picture  theaters  in  the  West.'  The 
semi-indirect  system  is  used  and  each  of  the 
massive  wrought  metal  fixtures  contains 
globes  of  four  colors,  amber,  white,  red,  and 
blue.  The  four  circuits  are  independently 
controlled  and  by  the  use  of  motor-driven 
dimmers  any  desired  effect  can  be  secured. 
Floor  lights  are  used  to  assist  patrons  to 
find  their  seats.  The  exterior  is  floodlighted 
from  concealed  sources. 

In  an  extensive  report^  by  the  Cinema 
Commission  of  Enquir\-  in  England  it  is 
recommended  that  there  be  adequate  illumi- 
nation of  the  picture  houses  while  the  films 
are  being  shown  and  that  an  iUumination  of 
0.1  foot -candle  seems  reasonable.  It  is 
further  recommended  that  the  front  seats 
should  be  remo\"ed  to  at  least  20  ft.  from  the 
screen.  The  growing  use  of  shaded  Hghts 
placed  on  the  sides  of  theater  chairs'  to 
Uluminate  the  steps  of  aisles  indicates  the 
extent  to  which  specialized  lighting  is  being 
pushed.  Formerly  this  work  was  done,  if  at 
all,  by  an  usher  carrying  a  pocket  flash  lamp. 

Stores 

Dissatisfied  with  the  semi-indirect  fixtures 
available,  a  large  department  store  has  had 
designed'  and  installed  a  totally  indirect 
sj'stem  with  some  novel  features.  The  fixture 
is  made  of  plaster  of  paris  in  the  form  of  an 
inverted  bowl  surrounded  by  a  trough-shaped 
cornice,  and  the  lamps  lie  in  the  trough.    The 
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dome  is  filigreed  to  admit  light  within  it, 
giving  the  fixture  a  transparent  appearance 
of  lightness,  while  the  exposed  surfaces  are 
a  light  ivory  in  color  to  match  the  ceilings. 
Six  hundred  watts  are  used  in  each  trough. 
The  bowl  is  30  in.  across  and  hung  so  that  its 
lower  edge  is  29  in.  from  the  ceiling,  which  in 
turn  is  21  ft.  from  the  floor.  The  fixtures  are 
centered  in  bays  24  ft.  by  16  ft.  and  are 
used  throughout  the  main  floor. 

An  adaptation  of  the  camouflage  idea  to 
show-case  illumination  is  to  be  found^  in  a 
device  which  consists  of  three  parts:  (1)  a 
nickel-finished  reflector  bowl  which  contains 
the  lamp  and  acts  as  a  base;  (2)  a  plate  glass 
shelf  mounted  on  the  base  and  adapted  to 
display  goods;  and  (3)  an  upright  card  rack 
for  price  cards  and  reading  matter.  The 
reflector  has  a  hole  in  the  bottom  so  that 
when  set  on  a  glass-top  show  case  it  illumi- 
nates the  goods  below  it  and  the  source  of 
light  is  not  at  once  apparent. 

Industrial  Plants 

The  National  Commission  for  the  Pre- 
vention of  Blindness  has  issued^  a  publication 
on  eye  hazards  in  industrial  occupations 
which  covers  an  investigation  of  some  seventy 
plants,  embracing  many  different  kinds  of 
industries.  A  section  is  devoted  to  industrial 
lighting  and  the  "Codes  of  Lighting  Factories 
and  School  Buildings,"  prepared  by  our 
Society,  as  well  as  the  booklet  "Light,  Its 
Use  and  Misuse"  are  recommended  to  those 
seeking  manuals  of  such  information.  An 
illumination  of  the  order  of  four  lumens  per 
square  foot  is  advocated  as  reasonably 
satisfactory  for  offices,  and  tables  are  given 
showing  the  watts  per  square  foot  required 
to  yield  this  illumination  both  for  gas  and 
electric  units,  assuming  various  finishes  for 
walls  and  ceilings. 

What  is  said  to  be  the  largest  garbage 
disposal  plant  in  the  world  has  been  placed 
in  operation  on  Staten  Island.  Special 
attention  has  been  given-''  to  the  lighting 
features.  Among  the  novel  problems  to  be 
solved  was  the  proper  illumination  of  the 
interior  of  the  reducers.  Two  openings  with 
suitable  projections  were  cast  in  the  top  of 
the  tanks.  These  are  placed  at  such  an 
angle  that  the  light  entering  one  is  specularly 
reflected  from  the  surface  of  the  charge  to 
the  second  opening.    A  parabolically  shaped 

1  Sci.  Arner.,  September  29.  1917,  p.  223. 

2  Publication  No.  IS,  November,  1917.  p.  121. 
»  Gen.  Elec.  Rev.,  December,  1917,  p.  964. 

>  Ibid.,  February,  1918.  p.  77. 

s  Gen.  Elec.  Rev..  February.  1918,  p.  124. 

6  Elec.  Rwy.  Jour.,  May  18,  1918,  p.  978. 


and  polished  aluminum  reflector  is  fixed 
inside  one  opening  with  an  aperture  large 
enough  to  permit  the  closing  of  the  hole  by  a 
steam-tight  glass  plate  and  gaskets.  A  low- 
voltage  candle-power  automobile  headlight 
lamp,  suitably  protected,  was  found  to  give 
enough  light  when  inserted  through  the 
opening  in  the  reflector.  The  general  lighting 
of  the  reducing  room  is  given  by  200-watt 
lamps  in  steel  reflectors  producing  a  specific 
power  consumption  of  0.33  watt  per  square 
foot  of  floor  area. 

Transportation 

Almost  everyone  who  has  traveled  at 
night  has  been  annoyed  at  times'  by  light 
shining  into  the  berth,  coming  from  lamps 
left  lighted  to  illuminate  the  aisles.  The 
Pullman  Company  after  considerable  experi- 
mentation has  developed*  an  installation 
which  is  expected  to  be  a  solution  of  this 
problem.  The  result  has  .been  accomplished 
by  using  low  candle-power  tungsten  lamps  in 
receptacles  placed  under  the  ends  of  alternate 
seats  and  shielded  by  green  glass. 

In  the  lighting  of  trolley  cars  the  modern 
reflector  method  with  the  units  arranged  in  a 
single  row  in  the  middle  of  the  center  deck 
has  met  the  needs  so  well  that  it  is  being 
extensively  used  in  new  cars'  and  many 
roads  are  changing  over  existing  equipment, 
but  there  is  one  bad  feature  of  street  and 
interurban  car  lighting,  much  more  in 
evidence  in  the  latter  case  than  in  the  former, 
nameh',  the  effect  of  voltage  fluctuations  in 
the  lighting  circuits.  To  meet  this  difficulty  a 
motor-generator  set  has  been  developed  for 
use  on  interurban  lines  which  it  is  claimed 
maintains  the  illumination  without  appreci- 
able fluctuations  and  also  preserves  the 
continuity  and  intensity  of  the  light  from  the 
headlights.  B3-  using  a  shunt  or  compensating 
device  similar  to  those  used  ■«-ith  arc  lamps, 
it  has  been  found  possible"  to  cut  down 
considerably  the  maintenance  cost  of  lighting 
in  electric  railwaj^  cars. 

FIXTURES 
Reflectors 

There  is  a  continual  increase  in  the  number 
of  semi-indirect  fixtures  made  up  of  two 
parts,  an  upper  diffusing  and  reflecting  glass 
canopy  suspended  over  a  diffusing,  trans- 
lucent bowl.  These  are  designed  primarily 
for  stores  and  office  buildings.  A  similar 
construction,  but  made  entirely  of  metal,  is 
found  in  a  group  of  fixtures  designed  for 
industrial  plants.    Then  there  is  an  extensive 
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iiiU-riiu-diiiU'  type  in  whii-li  lliu  rclli-rlor  is 
of  iiu'lal  and  liie  Ixiwl  of  >,'Iass,  Jind  liiis  Ij'jie 
is  usi'd  both  in  sluirs  and  fai'tiiries.  Among 
llie  lirsl  named'  is  a  new  unit  in  wliich  llie 
niiper  rcfloclor  is  made  with  a  i)rismatic 
under  surface,  with  the  purpose  of  intcnsifyinK 
llie  li^jhl  rellected  downward.  'IMie  use  of  a 
simple  tripod  liolder  ])ermits  the  mounlinK 
of  the  Iranskieent  howl  without  the  use  of 
holes  or  suiiporlinji  rods. 

Still  another  Iwo-pieee  unit'  has  a  very 
llat,  shallow,  translueenl  liowl  and  an  in\'ertcd 
conical  shaped  reflector.  The  outside  of  this 
reflector  is  illuminated  by  light  reflected  from 
the  bowl,  while  light  is  reflected  from  the 
interior  of  the  cone  to  the  ceiling  which  is  also 
lighted  by  direct  rays  from  the  lamp.  A 
variation'  in  this  type  has  its  reflector  part 
made  in  three  pieces. 

In  the  list  of  metal  reflectors  reference  may 
be  made  to  one  in  which''  a  porcelain  enameled 
reflecting  band  is  suspended  from  the  upper 
reflector  in  such  a  way  as  to  intercept  all  light 
within  the  angles  of  4.")  and  S3  degrees.  This 
light  is  reflected  to  the  upper  reflector  of  the 
same  material  and  redirected  dow-nward  to 
the  w-orking  plane.  Both  parts  are  supported 
directly  from  the  socket,  but  do  not  touch 
the  lamp.  Another  fixture  of  this  class^  uses 
a  double  cone-shaped  lower  part  made  up  of  a 
concentrating  direct-lighting  reflector  below, 
and  above  a  reflector  sending  its  light  to  the 
diffusing  upper  part  of  the  unit.  This  fixture 
is  of  spun  steel  finished  in  white  enamel. 
Special  metal  reflectors  for  use  in  illuminating 
billboards,  wall  signs,  and  advertising  display 
surfaces  have  been  worked  out.^  The  reflector 
is  so  shaped  that  it  does  not  require  the 
bending  of  conduit  pipe  to  get  the  proper 
focus.  A  locking  arrangement  is  also  fur- 
nished. 

Street  Lighting 

A  new  street  lighting  fixture'  for  use  with 
gas-filled  tungsten  lamps  contains,  in  addi- 
tion to  the  usual  supporting  and  connecting 
de\-ices,  a  dome  refractor  of  prismatic  glass 
W'hich  collects  light  emitted  upwards  and 
redistributes  it  sidewavs  and   out  into  the 


1  EUc.  Record,  January.  191S.  p.  33. 

=  Ibid.,  June.  1918,  p.  33. 

'  Ibid..  May.  1918.  p.  36. 

*  Sci.  Amer.,  December  15.  1917.  p.  451. 

i  Elec.  Rec,  January.  1918.  p.  33. 

<■  Elec.  Rec,  June.  1918.  p.  30. 

'  Elec.  Rev.  (U.  S.).  Nov.  3.  1917.  p.  7S4. 
Gen.  Elec.  Rev..  June.  1918,  p.  430. 

s  Elec.  Rev.  (U.  S.).  January  5.  1918.  p.  46. 

'  Gen.  Elec.  Rev.,  December.  1917.  p.  945. 
">Elec.  Wld..  December  1.  1917.  p.  1081. 
"  Elec.  News,  November  1.  1917.  p.  42. 

Eire.  Rec.  January.  1918.  p.  34. 
1"  Elec.  Eng.,  June.  1918.  p.  58. 


Street  at  an  angli-  i>f  10  dcj^recs  below  the 
horizontal.  This  refractor  consists  rjf  two 
clear  gla.ss  baiuls  one  of  which  fits  sinigly 
inside  the  other.  The  inner  jiarl  is  girdled 
on  its  outer  surface  by  horizontal  jjrisms  and 
the  outer  iiart  has  vertical  dilTusing  jjrisms 
on  its  inner  surface.  The  two  prismatic 
surfaces  come  close  together  when  the  parts 
are  sealed,  leaving  the  inner  anfl  outer 
surfaces  of  the  complete  refractor  entirely 
smooth,  thus  facilitating  cleaning.  A  new 
enclosing  globe  used  with  this  fixture  is  of 
clear  glass  stippled  on  the  inside,  thus 
producing  dilTusion  and  reduction  in  glare 
without  much  loss  by  absorption. 

Specially  designed  for  residential  and  park 
lighting  ser\-icc  is  a  new  ornamental  unit 
which  also  utilizes  the  dome-shajjed  refractor 
referred  to  above  for  collecting  and  re- 
distributing light  emitted  upward.  A  cone- 
shaped  reflector  at  the  bottom  reflects  light 
otherwise  wasted  and  adds  to  the  efficiency 
of  the  unit.  The  outer  globe  is  made  of 
stippled  glass  and  consists  of  eight  panels. 

An  addition'  to  street  lighting  fixtures  is 
one  for  the  high-current,  high-candle-power 
series  incandescent  lamps.  It  is  made  of 
cast  iron  and  is  suitable  either  for  an  auto 
transformer  or  film  cut-out  socket.  For  the 
convenience  of  those  ha\ing  to  do  with  the 
planning  or  pro\-iding  of  street  lighting,  data 
have  been  collected'  showing  the  character- 
istics of  a  large  number  of  standard  type 
electric  units,  both  incandescent  and  arc. 

Public  Buildings 

One  of  the  recent  developments  in  special- 
ized lighting  is  that  of  the  aisles  of  theaters 
and  motion-picture  houses.'"  Several  styles 
of  units  have  been  designed  for  this  work. 

Special  seamless  and  dustless  fixtures" 
have  been  designed  for  use  in  hospitals.  In 
these  fixtures  the  canopies  are  screwed 
directly  on  the  connecting  tubes  instead  of 
being  held  by  a  collar.  The  sockets  and  shade 
holders,  while  equipped  to  take  care  of 
ventilation,  are  covered  with  a  cap  which  fits 
snugly  to  the  tube  and  shuts  out  dust  while 
permitting  of  easy  cleaning.  The  glassware 
used  with  these  fixtures  is  chosen  with 
particular  reference  to  protection  from  glare 
and  ease  of  cleaning.  For  the  operating  room 
the  pendent  unit  consists  of  an  upper  reflector 
and  lower  bowl  made  of  diffusing  glass.  The 
reflector  is  adjustable  up  and  down,  per- 
mitting the  use  of  a  concentrating  effect 
when  desired.  A  fixture  designed  especially 
for  operating  tables  consists'-  of  an  octagonal 
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reflector  6  ft.  in  diameter,  the  various  sections 
of  which  carry  tubular  single  filament  incan- 
descent lamps.  It  is  claimed  that  the  reflected 
light  is  confined  to  the  top  of  the  table. 

Ships 

Since  the  bulkhead  or  oyster-fitting  holder 
for  incandescent  lamps  was  first  used  on  a 
Cunard  liner  about  the  year  1884,  little 
improvement  has  been  made  in  this  class  of 
ship-fitting  until  recently.  The  original  form 
was  intended  for  carbon  filament  lamps.  A 
redesign  has  been  worked  out'  to  adapt  this 
fitting  for  tungsten  lamps.  Apart  from  its 
application  on  board  ship  it  is  claimed  that 
this  fitting  is  well  adapted  for  use  in  chemical 
works,  mines,  and  in  places  where  it  is  im- 
portant to  protect  the  lamp  from  injury, 
mechanical  or  corrosive. 


The  idea  of  using  the  lamp  bulb  itself  to 
support  the  reflector  is  utilized  in  an  English 
invention.^  The  reflector  ring  is  of  glass, 
silvered  and  provided  with  three  adjustable 
copper  clips  to  enable  it  to  be  fitted  to  the 
bulb.  Tests  by  the  National  Physical  Labora- 
tory in  England  showed  an  increase  in  the 
light  emitted  in  a  direction  toward  the  tip 
of  the  lamp,  from  4  to  24  candle-power  in  the 
case  of  a  200-volt,  40-watt  lamp.  The  reflector 
is  slipped  on  before  the  bulb  is  put  into  the 
socket. 

An  ornamental  device  to  take  the  place  of 
a  service  flag  utilizes  a  flat  alabaster  globe' 
about  8  in.  in  diameter  and  lighted  from 
within.  It  is  mounted  on  an  indestructible 
wood  pulp  pedestal  with  two  molded  eagles 
holding  it.  On  one  side  a  3  by  5  in.  service 
flag  is  shown  on  the  face  of  the  bowl  while 
extra  stars  are  furnished  to  be  attached  as 
desired. 

A  combination  light  and  mirror,  to  be 
mounted  on  the  front  fender  of  an  aut'o,  is 
designed*  to  save  the  use  of  two  headlights 
and  a  rear  light  at  night,  and  to  provide  a 
mirrorscope  for  use  by  day.  The  lamp  is  cut 
in  or  out  of  circuit  as  the  mirror  is  lowered  or 
raised. 

The  toggle  switch  has  for  a  number  of  j'ears 
been  the  favorite  in  England  for  use  where 
snap  switches  are  employed  in  this  country. 

1  EUc.  Times  (London),  February  7,  1918.  p.  100. 

2  EUc.  Rev.  (London).  December  14,  1917,  p.  561. 
J  Ibid..  October.  1917,  p.  31. 

<  Ibid..  July,  191S.  p.  32. 
^Sci.  ylmfr..  March  30.  191S.  p.  271. 
•  Ibid.,  February  2,  1918,  p.  110. 
'  Ibid.,  January  26.  1918.  p.  85. 
8  Ibid.,  March  23,  1918,  p.  259. 

'  Marine  Picture  World.  December  22,  1917.  p.  17S1. 
'"  Jour.  Frank.  Insl.,  June,  1918,  p.  770. 


The  advantages  of  simple  operation  and 
direct  indication  of  being  open  or  closed  has 
led  to  its  introduction^  here.  Manipulation 
of  this  type  of  switch  consists  merely  in  the 
throw  of  a  lever  or  toggle.  In  the  up  position 
the  circuit  is  made,  in  the  doum  position  the 
circuit  is  open. 

A  new  time  switch''  for  turning  on  or  off 
the  lights  in  electric  signs,  illuminated  bill- 
boards or  other  unattended  lights  that 
should  burn  for  a  specifled  time  utilizes  a 
weight  descending  by  gravity.  Twenty-four 
hours  are  consumed  in  the  descent  and 
contacts  made  at  any  desired  point  or  points. 

PHOTOGRAPHY 

Motion  Pictures 

The  use  of  an  image  measuring  ^  by  1  in. 
has  been  standard  practice  in  the  motion- 
picture  industry  for  the  past  ten  years.^  To 
overcome  some  of  the  inherent  limitations 
involved  in  the  use  of  such-  a  restricted  field  of 
operation  a  new  form  of  film  which  moves 
horizontally  instead  of  yertically  has  been 
devised  and  special  cameras  for  its  use  and 
projection  have  been  worked  out.  The  new 
image  is  4  in.  by  IJ^  in.,  and  aU  the  advan- 
tages of  standard  films  such  as  tensile  strength 
and  the  value  of  standardization  in  laboratory 
work,  shipping,  and  handling  are  retained. 
The  stage  director  is  enabled  to  use  a  larger 
setting  and  with  an  area  twice  that  of  the 
ordinary  scenery  may  be  covered  without 
reducing  the  size  of  the  characters.  Improve- 
ments have  also  been  made^  in  the  ordinary 
type  of  projection  machine  for  motion  pic- 
tures, the  most  striking  feature  being  the 
lateral  projection  and  a  construction  such 
that  with  a  duplex  instrument  six  reels  can 
be  taken  care  of  at  a  single  loading,  one 
machine  controlling  the  starting  and  stopping 
of  the  other. 

In  order  to  enable  the  government'  to 
study  more  intelligently  some  of  the  phases 
of  shell  action,  work  is  being  done  on  a  special 
triplex  camera  which  will  take  pictures  at  the 
rate  of  500  per  second.  The  apparatus  is  a 
combination  of  three  picture-taking  move- 
ments each  of  which  photographs  at  the  rate 
of  160  per  second. 

PHYSICS 
Light  Sources 

Another  analysis  has  been  inade'"  of  the 
efficiency  of  light  production  in  the  case  of  the 
firefly,  taking  into  account  such  factors  as 
the  efficiency  of  food  intake  and  its  trans- 
formation into  energy  and  the  efficiency  of  the 
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ulilizatioii  of  this  (.'iKTi^y.  A  siinplo  a|i|ia- 
ratus  has  hi-i'ii  worked  out,  for  si'iJaralinn  llic 
invisible  tiltra-violel  radiation  from  Uiat  in 
the  visible  pari  of  the  speelruni  usin>,'  tlie 
melhod  sugj^ested  by  Wood.'  The  ap|)araliis 
is  useful  for  delerniininK'  the  exael  lluoreseeiiL 
colors  of  various  eonipounds.  The  etlieieiu'V 
of  \arious  liKhl  sourees  is  referreil  to  un<Ier 
the  headinj^  "  Pholomclry." 

lixperimenls  on  the  aetit)n  of  HkIU  on 
selenium^  seem  to  show  that  the  interior  of 
the  material  is  afl'ected  as  well  as  the  surface, 
and  hence  the  thickness  of  the  selenium  film 
in  a  cell  is  an  inlluenlial  factor  in  the  elTcct  of 
the  lij^ht,  a  question  which  has  been  in 
dispute  for  some  years. 

Data  have  been  inililished'  on  the  ultra- 
violet transmission  of  clear  and  cobalt  blue 
glasses  and''  on  the  transmission  of  white 
light  by  clear  water.  Confirmation  of  the 
assumption*  that  the  absorption  by  the 
earth's  atmosphere  of  the  ultra-violet  radia- 
tion from  the  sun  is  due  to  ozone  in  the 
upper  layers,  is  indicated  by  some  work  on 
this  subject. 

Daylight  Saving 

The  daylight  sa\'ing  bill  was  signed  by  the 
President,  Alarch  19th.''  It  provided  for 
setting  all  clocks  forward  an  hour  on  the  last 
Sunday  in  March  and  turning  them  back 
again  the  last  Sunday  in  October.  Thus  the 
United  States  identifies  itself  in  this  regard 
with  the  twelve  European  countries  which 
have  already  tried  out  the  plan  and  have 
found  it  successful.  In  \-iew  of  the  final  result 
it  is  interesting  to  note'  that  at  a  meeting  of 
the  American  Astronomical  Society  last 
August  an  informal  expression  of  opinion 
showed  22  against  it,  IS  for  it,  and  6  neutral. 
On  the  other  hand  the  general  medical  board 
of  the  Council  of  National  Defense*  at  its 
regular  January  meeting  passed  a  resolution 
introducing  the  plan  of  daylight  saving  and 
agreeing  to  lend  its  influence  in  securing  the 
passage  of  the  law.     Efforts  were  made'  while 

'  Gen.  Elec.  Rev..  October.  1917.  p.  817. 

'  Elec.  November  2.  1917,  p.  146. 

'  Jour.  Frank.  Itisl..  July.  1918.  p.  111. 

<  Gen.  Elec.  Rev..  August,  1918.  p,  577. 

'  Nature.  October  25.  1917.  p.  144. 

^Cleveland  Plain  Dealer.  March  28.  1918,  p.  1. 

'  Science.  November  9.  1917.  p.  467. 

»  Ihid..  Januarv  25.  1918.  p.  87. 

'Elec.  Rev.  (U.  S.).  January  19.  1918.  p.  116;  Februarv  9 
p.  2.36,  and  April.  6.  p.  733. 

">  Elec.  Wld..  April  20,  1918,  p.  838. 

"  Elec.  Wld..  May  11.  1918,  p.  972. 

«  Ibid..  July  6.  1918.  p.  18. 

"  Elec.  News.  July  15.  1918.  p.  24. 

"  Gas  Jour..  Feb.  26.  1918.  p.  388. 

^Sci.  Amer..  Nov.  3.  1917.  p.  325. 

>«  Science.  September  7.  1917.  p.  241. 

"  Pop.  Science  Monthly.  April.  1918.  p.  576. 

"  Pkys.  Rev.,  June,  1918,  p.  502. 


the  bill  was  under  consi<UTalion  to  have  the 
plan  extended  throughout  the  year  in  order 
to  create  a  greater  diversity  between  the 
daily  power  and  lighting  loads  of  central 
stations.  The  ICxecutive  Committee  on 
Daylight  Saving'"  of  the  Unite<l  States 
Chamiier  of  Commerce  was  unanimous  in  its 
agreement  that  daylight  saving  ought  to  be  a 
l)ermanent  measure  to  ojjerate  through  the 
entire  year. 

An  analysis  of  data  from  Public  Utilities 
in  the  Middle  West  for  the  month  of  April 
indicated"  an  average  reduction  in  outinit  in 
kw-hrs.  due  to  the  daylight  saving  of  about 
.")  per  cent.  In  general  the  reports  which 
have  been  published'^  showing  the  effect  of 
daylight  saving  on  the  load  cur\-es  of  other 
central  stations  in  this  country  note  an  im- 
])rovemcnt.  In  Canada,"  after  two  months' 
operation,  a  survey  revealed  little  if  any 
change  either  in  the  revenue  or  operating 
conditions.  So  popular  has  the  daylight 
saving  scheme  proved  in  England"  that, 
upon  urgent  request,  the  date  for  starting 
was  advanced  so  as  to  give  five  weeks  more 
of  the  extended  daylight  period.  A  com- 
mittee has  been  appointed  to  make  plans'* 
for  the  adoption  of  the  daylight  saving  scheme 
in  Hawaii.  It  is  said  that  sugar  planters  in 
some  districts  have  practiced  this  for  some 
years,  the  advance  in  time  ranging  on  various 
estates  from  15  minutes  to  an  hour. 

Light  Sources 

From  experiments''  in  crossing  the  two 
substances  wMch  are  responsible  for  light 
production  in  fireflies,  it  has  been  deduced 
that  the  oxidizable  substance,  and  hence 
the  source  of  light,  is  what  is  called  pho- 
togenin  by  one  experimenter,  or  luciferose 
by  another  experimenter.  How  the  other 
substance,  photophelein,  acts  to  aid  in  pro- 
ducing the  light  is  still  hypothetical,  but 
it  is  suggested  that  it  may  cause  a  dispersion 
of  colloidal  particles  of  the  photogenin  and 
thereby  increase  the  surface  and  permit 
auto-oxidation.  Reference  to  the  efficiency 
of  light  production  by  the  firefly  will  be  found 
under  the  heading  "Physics." 

Two  trees,"  the  wood  of  which  has  the 
property  of  gi\'ing  to  water  a  marked  fluores- 
cence, have  been  rediscovered.  One  is  found 
in  Mexico,  the  other  in  the  Philippines. 

A  very  novel  method  of  producing  the 
so-called  "Artificial  Daylight"  has  been 
suggested'*  and  tested  by  an  experimenter 
who  uses  an  artificial  source  such  as  an 
acetvlene   flame   or   a   ^-acuum   or   gas-filled 
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tungsten  lamp,  and  passes  the  light  through 
two  Nicol  prisms  with  a  crystalline  quartz 
plate  between  them.  The  path  of  the  light 
is  made  parallel  to  the  optical  axis  of 
the  quartz,  and  the  thickness  of  the  lat- 
ter as  well  as  the  angle  between  the  prin- 
cipal planes  of  the  Nicols  must  be  properly 
chosen. 

An  extension  of  the  use  of  radium  com- 
pounds' to  illuminate  keyholes,  clock  dials, 
etc.,  is  found  in  a  set  of  flat  radium-treated 
disks  to  be  attached  to  the  dials  of  clocks  at 
the  five-minute  points.  A  pair  of  hands 
similarly  treated  makes  it  possible  to  tell 
easily  the  time  in  the  dark. 

Applications 

For  night  fljang,  navigation  lights  on  the 
machines  themselves  have  been  found  indis- 
pensable.^ In  the  British  machines  used  to 
defend  London  against  air  raids,  they  are 
placed  on  the  edge  of  the  lower  plane  and 
are  under  the  control  of  the  pilot.  They 
serve  as  a  guide  in  squadron  formation.     In 

1  Pop.  Science  Monthly,  February,  1918.  p.  221. 

z  Sci.  Amer.,  February,  23,  1918,  p.  163. 

3  Sci.  Amer.  Sup.,  July  6.  1918.  p.  9. 

<  Gen.  Elec.  Rev..  March,  1918.  p.  232. 

s  Elec.  Rev.  (London).  May  3.  1918,  p.  424. 


some  cases,  variegated  colored  lights  are  used 
for  signalling  between  the  units  of  invading 
squadrons.  For  landing,  the  British  hom.e 
pilots  make  use  of  a  flare  which  is  used  to 
illimiinate  the  ground  below. 

There  has  been  no  generally  recognized 
"Scale  of  Seeing"  applicable  for  daylight  use 
by  astronomers.  In  connection  with  obser- 
vations on  the  sun,  the  desirability  of  such  a 
standard  scale  has  been  apparent,'  and  work 
on  it  has  been  begun. 

Of  the  niany  uses  of  artificial  light  one  of 
the  most  unique*  is  in  connection  with  the 
stimulation  of  plant  growth.  Recent  experi- 
ments along  this  line  showed  that  with  a 
very  intense  illumination,  700  lumens  per 
square  foot,  approaching  the  magnitude  of 
sunlight  illumination,  the  rapidity  of  the 
growth  and  development  of  the  plants 
experimented  with  was  approximately  double. 
The  experiments  suggest  the  possibility  of 
using  the  idea  commercially  for  the  develop- 
ment of  flowers  such  as  Easter  lilies  which 
are  required  at  a  certain  time. 

The  use  of  electric  or  other  lights  as  an  aid 
to  fish  catching^  is  old,  but  a  western  hatchery 
has  used  them  for  aids  in  feeding. 
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Light  as  an  Aid  to  the  Transportation  of  Material* 

By  A.  I..  I'()\vi:i.i.  .ind  K.  Iv  I  I.\i<kin(;ton 

IvDlMlN    I, AMI-  WOKKS,  (iKNKKAI.    ICl.l-.CTRIC  CoMI'ANV 

As  a  factor  in  our  trans|ii)rlaliiin  and  industrial  prohlcnis  the  authors  have  (lemonslratnl  in  a  most  con- 
vincing manner  the  importance  of  modern  methods  of  iUumination  as  applied  to  express  and  freight  station*, 
warehouses,  piers,  etc.  Time  saved  in  the  delivery  of  shipments  must  necessarily  reduce  transportation 
embarK'H'S  and  indirectly  increase  our  industrial  output.      I"iiiii>n 


The  war  has  placed  oxacliiiK  ilomands  on 
industry  and  the  reconstruction  period  will 
require  great  quantities  of  manufactured 
products.  How  can  industry  proceed  if, 
with  the  plants  producing  huge  outputs,  the 
products  cannot  be  moved  to  the  places 
where  required  ?  The  factor  of  transportation 
is  of  parallel  importance  to  out]nit. 

It  can  easily  be  shown  and  has  been 
demonstrated,  to  our  sorrow,  that  a  weaken- 
ing of  this  important  link  in  our  system 
seriously  impairs  the  entire  industrial  organi- 
zation. If  for  one  reason  or  another  a 
terminal  becomes  congested,  this  is  reflected 
along  the  whole  line  back  to  the  producer. 
Embargoes  are  put  on  and  the  maniifacturers 
are  forced  to  let  up  on  their  output.  Each 
plant  depends  on  others  for  parts  and  raw 
materials.  It  is,  therefore,  evident  that 
anything  which  will  help  our  transportation 
problem  is  a  factor  in  our  industrial  program. 

The  authors  believe,  and  trust  that  they 
can  prove  to  you,  that  proper  and  adequate 
lighting  does  facilitate  the  movement  of 
material.  Modem  methods  of  illtmiinating 
warehouses,  express  and  freight  stations  and 
piers  thus  indirectly  increase  and  expedite 
production. 

Speeding  of  shipment  by  good  lighting  is 
increased  through  the  following  direct  causes ; 

(a)  Greater  actual  speed  of  trucking,  etc. 

(b)  Markings  more  easily  read. 

The  indirect  effects  are: 

(c)  Less  mis-sent  shipments. 

(d)  Reduction  of  spoilage  and  thefts. 

(e)  Improved  relations  with  the  public. 

These  are  not  theoretical  statements,  but 
are  borne  out  in  practice. 

(a)  If  a  pier  or  freight  station  is  dimly 
lighted,  many  portions  in  deep 
shadow,  truckers  must  proceed 
cautiously,  watching  out  for  objects 


*  Paper  presented  before  the   New  York  Section  of  the   Illu- 
minating Engineering  Society.  Xew  York;  December  12,  1918. 


lying  about  on  the  floor,  for  they 
lack  the  confidence  which  comes 
with  clear  vision.  Accident  re])orts 
reveal  that  one  of  the  most  common 
causes  is  stumbling  or  falling. 
With  poor  lighting  this  hazard  is 
increased.  Not  only  does  an  acci- 
dent affect  the  injured  worker,  but 
it  has  a  demoralizing  effect  on  the 
entire  force.  Each  workman  be- 
comes over-cautious  and  slows  down 
his  movements.  Proper  light, 
therefore,  increases  the  speed  of 
freight  handling. 

(b)  In  sorting  freight  or  express  packages 

or  stowing  them  aboard  ship,  it  is, 
of  course,  necessary  to  read  and 
check  the  labels  or  markings.  It  is 
self-evident  that  with  plenty  of 
light  less  time  will  be  spent  on  this 
step  of  the  handling.  It  many 
stations  there  are  only  a  few  spots 
where  there  is  enough  illumination 
to  read  labels,  and  material  actually 
has  to  be  moved  there  to  be  sorted. 
Certainly  this  extra  handling  is  not 
efficient. 

(c)  Conversation    with    express    ofiRcials 

indicates  that  one  of  their  serious 
troubles  is  mis-sent  shipments. 
Inadequate  illumination  is  an  im- 
portant contributing  cause.  The 
reading  matter  on  waybills  is  often 
faint  or  blurred  and  many  packages 
are  badly  addressed.  The  chances 
for  error  under  poor  light  are  great. 
Packages  sent  to  the  wrong  place 
sometimes  never  return.  Perish- 
able freight  is  often  entirely  lost  if 
mis-sent.  Occasionally  an  entire 
factory-  is  held  up  awaiting  the 
arrival  of  goods,  the  delay  in  trans- 
portation being  due  to  a  mis-sent 
shipment.  Beyond  the  delay  and 
cost  of  locating  mis-sent  material, 
there  follows  a  further  load  on  the 
transportation  system  of  sending 
to  proper  destination. 
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(d)  Spoilage  of  goods  is  reduced  if  there 

are  no  dark  corners  in  which  pack- 
ages of  perishable  material  become 
hidden.  Again,  boxes  that  have 
been  broken  in  shipment  are  readily 
caught  and  taken  care  of  before  a 
greater  loss  is  sustained.  Breakage 
is  bound  to  be  reduced,  for 
employees  will  not  throw  articles 
about  promiscuously  if  the  place  is 
well  enough  lighted  so  that  they  are 
likely  to  be  seen.  Theft  is  greatly 
reduced,  as  the  sneak  thief  would 
not  dare  to  pry  open  a  bundle  and 
remove  part  of  the  goods  if  the 
chances  of  detection  were  high. 

(e)  Modern  business  methods  have  made 

it  important  to  please  the  public. 
Common  carriers  desire  to  have  the 


most  cordial  relation  with  shippers. 
If     consignments      are      delivered 
promptly  in  undamaged  condition, 
if  the  mis-sent  shipments  are  elimi- 
nated,  then  the  transportation  agents 
should  have  the  good  will  of  the 
people. 
In  spite  of  all  these  actual  advantages  of 
proper   lighting,    the    subject    apparentl}^   in 
many  instances  has  not  been  given  the  at- 
tention it  deserves.     It  is  the  purpose  of  this 
paper  to  point  out  methods  through  which 
the   desirable   results   can   be   attained   with 
minimum  expense.     It  is  also  hoped  that  this 
brief  presentation  may  calLthe  matter  forcibly 
to  the  attention  of  some  of  the-  officials  in 
charge,  that  they  may  see  the  importance  of 
the   subject   and  give   it  the   attention  and 
study  which  it  deserves. 


TABLE  A 
TYPICAL  PIERS— METROPOLITAN   DISTRICT 


Hanging 

Watts  per 

COLOR 

Size  Lamps 

Height 

Spacing 

sq.  ft. 

Reflector 

Remarks 

Feet 

Ceiling 

Walls 

Case  A 

100-watt 
4-light 
clusters 

15 

40x50 

0.20 

dark 

dark 

dome 

Spacing  too  wide  for  hang- 
ing height.  Inefficient 
lighting  units.  Illumina- 
tion results  fair. 

Case  B 

250-watt 

18 

50x50 

0.10 

light 

dark 

dome 

Spacing  too  wide  for  hang- 
ing height.  Results  gen- 
erally poor. 

Case  C 

2,50-watt 

15 

30x40 

0.20 

dark 

dark 

radial 
wave 

Lighting  results  good. 

Case  D 

400-watt 

14 

50  X  100 

0.08 

dark 

dark 

dome 

Spacing  too  wide  for  hang- 
ing heigjit.  Wattage  too 
low.     Results  poor. 

Case  E 

100-  and  150- 

watt 

15 

30  X  30 

0.16 

dark 

dark 

dome 

Conditions  generally  fair. 

Case  F 

250-watt 

20 

irregular 

0.07 

light 

light 

dome 

Spacing  too  wide  for  hang- 
ing height.      Wattage  too 
,  low.     Results  poor. 

Case  G 

100-  and  200- 

watt 

18 

various 

0.09 

dark 

dark 

dome 

Results  poor. 

Case  H 

100-  and  200- 

watt 

20 

20x35 

0.18 

light 

light 

dome 

Illumination  generally  satis- 
factory. 

Case  I 

400-watt 

25 

80 

0.06 

white 

dark 

dome 

Spacing  too  wide  for  hang- 
ing height.  Wattage  too 
low.     Results  poor. 

Case  J 

400-watt 

15 

50 

0.16 

white 

dark 

dome 

Spacing  too  wide  for  hang- 
ing height.  Wattage  fair. 
Results  fair. 

Case  K 

lOOvwatt 

15 

various 

0.04 

dark 

dark 

dome 

Entire  system  poor. 

Case  L 

100-watt 
4-light 
clusters 

15 

30  X  60 

0.22 

dark 

dark 

dome 

Results  fair,  but  spacing 
too  wide. 

Case  M 

150- watt 

18 

30  X  60 

0.08 

light 

dark 

dome 

Spacing  too  wide  for  hang- 
ing height.  Wattage  too 
low.     Results  poor. 

Case  N 

100-watt 
4-light 
clusters 

25 

40x78 

0.13 

light 

light 

dome 

Inefficient  lighting  unit. 
Spacing  satisfactory. 
Lighting  results  fair. 

Case  0 

250-watt 

20 

70x50 

0.07 

dark 

dark 

none 

Conditions  very  bad. 

I.IC.IIT  AS  AN  All)  TO    I'lli:  'IkANSI-OK  TATK  i\  Ol*   MATIIUIAI- 


(;.{ 


Iiu'i'stipatidii  has  lii'fii  made  of  a  con- 
siilorahk-  iiumluT  of  hiiildiiiKS  of  the  class 
under  c-()iisitlcrali()ii,  and  lliis  revc.-ds  Ihat  in 
general  the  standards  of  ilhuninalinn  are  far 
too  low  for  the  most  economic  o])eration. 
Not  onl\-  is  insulVicient  MkIh  fnrnished,  hut 
in  a  jjreat  majorily  of  cases  anli(|nated  eciuip- 
ment  is  cniiihncd.  Ohsolete  ty])es  of  incan- 
descent lant|is.  inedieient  carbon  arc  lam])s 
and  ojien  llame  i^as  hmMiers  are  more  i)re\'alent 
than  in  alntost  an\'  other  field  the  authors 
have  investigated.  E\en  where  cllicient 
lamps  are  employed,  freciuently  light  is 
wasted  through  the  absence  of  proper  reflec- 
tors. In  many  cases  where  reflectors  are 
installed,  they  have  not  been  well  maintained, 
becoming  very  dirty,  rusted,  and  in  some 
cases  actually  falling  apart.  Incandescent 
lamps  are  allowed  to  burn  after  becoming 
badly  blackened,  and  gas  mantles  which  have 
half  broken  off  are  still  in  service. 

It  is  a]3parent  that  the  effect  of  light  colored 
surroundings  in  increasing  the  illumination 
is  not  fully  realized.  Ceilings  and  walls 
have  been  allowed  to  become  almost  black, 


relleetiiig  i)raelieaily  no  light.  A  little  white 
l)aint  will  save  a  great  deal  f)n  the  lighting 
bill  anil  allow  increased  utilization  of  daylight. 

In  an  investigation  of  ')S  large  steamship 
piers  in  New  York  City,  as  regards  the 
.irlilicial  lighting,  data  were  obtained  on  the 
size  of  the  ])ier,  number  and  size  of  lighting 
units,  si)acing  and  height  of  lam])S,  height  of 
ceiling,  color  of  walls  and  ceilings,  class  of 
traffic,  watts  jier  scjuare  foot  and  general 
artificial  lighting  conditions. 

The  investigators  were  experienced 
illuminating  engineers,  competent  to  evaluate 
the  resultant  illumination.  An  analysis  of 
the  results  showed  that  6.2  per  cent 
had  good  illumination,  .")1.2  ])er  cent  fair 
illumination,  and  42.(5  jjcr  cent  illumination 
which  was  entirely  inadequate  and  generally 
poor.  The  average  watts  per  square  foot  of 
those  piers  electrically  lighted  was  0.10,  with 
a  maximum  of  0.34  and  a  minimum  of 
0.05.  Very  much  better  illumination  results 
would  have  been  obtained  in  practically  al 
the  cases  if  the  equijjment  had  been  well 
maintained  and  surroundings  given  an  occa- 


TABLB  B 

DATA  ON  TYPICAL  FREIGHT  STATION- 


METROPOLITAN  DISTRICT 


Hanging 

Watts 

COLOR 

Con- 

Size Lamps 

Height, 

Spacing 

per 

Reflecto  r 

dition 

Remarks 

Feet 

sq.  ft. 

Ceiling 

Walls 

Case  A 

25-  and  40- 

watt 

12 

12  X  17 

0.15  ave. 

dark 

dark 

flat 

veiy 
dirty 

Arrangement  good.  Inten- 
sity too  low.  Poorly 
maintained,  reflector  in- 
efficient. 

Case  B 

300-watt 

14 

22  X  50 

0.27 

light 

me- 
dium 

radial 
wave 

good 

Arrangement  satisfactory, 
adequate  intensity,  well- 
maintained,  reflector  suit 
able. 

Case  C 

100-watt 

12 

22  X  35 

0.13 

light 

light 

dome 

fair 

Illumination    adequate    for 

the  particular  conditions 

of  this  freight  station. 

Case  D,      100-watt 

12 

25x40  jO.lO 
1 

dark 

dark 

dome 

fair 

Spacing  slightly  too  great, 
otherwise  acceptable  with 
better  maintenance. 

Case   E   25-  and  40- 

10 

dark 

dark 

none 

poor 

\o    general    lighting    pro- 

watt 

vided  these  lamps  serving 
merely  as  markers. 

Case   F       60-watt 

8 

dark 

dark 

none 

poor 

Lamps    inefficient,    no    re- 

carbon 

flector,  arrangement  poor 

Case  G 

100-  and  200- 
watt 

11 

0.24  ave. 

dark 

dark 

dome 
and 
none 

very 
dirty 

Xo  regular  arrangement, 
poorly  maintained,  effect 
generally  unsatisfactor\-. 

Case  H 

100-watt 

10 

20  X  20  !0.25 

1 

dark 

dark 

dome 

good 

Well  laid  out,  good  reflec- 
tors, results  would  be 
better  with  painting. 

Case    I 

100-watt 

9 

30  X  35   0.10 

dark 

light 

dome 

fair 

Spacing  too  wide,  hence 
intensity  low,  otherwise 
satisfactory. 

Case    J 

25-  and  40- 

watt 
3-Ught  cluster 

10 

30  X  35   0.10 

light 

light 

dome 

poor 

Generally  unsuited. 
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sional  coat  of  whitewash  or  other  light  paint. 
Three  and  six  tenths  per  cent  of  the  piers 
had  white  walls  and  ceilings,  9.1  per  cent 
light  colored,  20  per  cent  medium  colored, 
52.8  per  cent  dark,  and  14.5  per  cent  very 
dark  (almost  black)  surroundings. 

The  above  data  justify  the  foregoing 
criticisms.  Such  conditions  would  not  be 
tolerated  for  the  handling  of  materials  in 
ordinary  manufacturing  plants,  and  the 
surprising  feature  is  that  it  has  been  possible 
to  get  along  at  all  with  such  poor  light. 

A  few  representative  installations  of 
tungsten  filament  lamps  are  presented  in 
Table  A.  The  figures  given,  of  course, 
include  many  other  installations. 

A  similar  investigation  of  some  of  the 
larger  railway  freight  stations  in  the  metro- 
politan district  disclosed  conditions  as  out- 
lined in  Table  B . 

General  Requirements  of  Lighting 

Enough  light  must  be  provided  to  read 
markings,  labels,  and  waybills  without  eye- 
strain, and  to  see  one's  way  about  the  entire 
area. 

If  the  first  requirements  are  provided  for, 
the  safety  element  would  naturally  be  taken 
care  of.  A  minimum  of  one  half  foot-candle 
seems  desirable  in  all  parts  of  the  station  or 
pier.  With  this  intensity  average  print 
can  be  read  for  a  short  period  with  reasonable 
ease.  The  Illuminating  Engineering  Society's 
Code  of  Lighting  for  Factories,  Mills,  and 
Other  Work  Places,  which  has  been  adopted 
as  mandatory  in  a  number  of  states,  provides 
a  minimum  intensity  of  one  quarter  foot- 
candle  for  passageways,  aisles,  storage  spaces, 
etc.  This  value  takes  care  of  the  safety 
element  alone  and  is  not  intended  to  represent 
the  most  economical  intensity,  the  code 
itself  recommending  that  a  higher  intensity  be 
provided. 

In  most  instances  lamps  should  be  hung  as 
high  as  possible.  Properly  applied,  this  does 
not  reduce  the  average  intensity  of  illumina- 
tion, in  spite  of  the  popular  misconception  to 
the  contrary.  Lamps  well  up  toward  the 
ceiling  are  not  so  likely  to  be  broken.  In  this 
position  they  are  handled  less  and  reflectors 
do  not  become  so  dirty.  Light  sources  hung 
low  or  in  the  line  of  view  may  blind  one 
temporarily  and  cause  him  to  stumble. 

All  light  sources  of  an  efficient  type  are  too 
bright  to  be  viewed  for  any  length  of  time. 
They  require  an  accessory  in  the  form  of  a 
diffusing  globe  or  reflector  which,  together 
with   proper   placement,    protects   the   eyes. 


In  the  class  of  building  under  consideration 
it  is  generally  the  best  practice  to  utilize  open 
reflectors,  in  order  to  get  the  maximum 
illumination  with  the  minimum  expenditure  of 
energy.  The  element  of  decoration  or  artistic 
appearance,  .beyond  neatness,  is,  of  course, 
not  an  important  feature. 

A  reflector  has  the  further  advantage  of 
directing  the  light  efficiently  where  it  is 
needed,  rather  than  allowing  a  large  portion 
to  escape  to  the  ceiling  and  walls.  A  given 
area  can  be  adequately  lighted  with  from 
25  to  50  per  cent  less  power  if  lamps  are 
equipped  with  reflectors,  rather  than  used 
bare. 

As  pointed  out  before,  it  is  most  desirable 
to  have  walls  and  ceilings  light  in  color. 
Paint  is  a  wonderful  adjunct  to  the  lighting 
system.  Many  a  poorly  lighted  room  has 
been  made  satisfactory  by  refihishing  the 
interior.  This  point  cannot  be  emphasized 
too  strongly  in  these  days  of  coal  conserva- 
tion. 

After  the  system  is  properly  installed, 
it  should  not  be  neglected.  It  is  most 
necessary  to  have  a  careful  system  of  regular 
maintenance.  This  feature  seems  to  be 
generally  neglected  in  freight  terminals.  Any 
railroad  man  certainly  knows  that  his  roadbed 
would  not  be  safe  if  it  were  not  regularly 
inspected  and  kept  in  first-class  condition. 
A  pier  would  soon  f  alb  to  pieces  if  the  spiles 
were  not  renewed  when  broken  or  rotted. 
On  the  other  hand,  lighting  equipment  is 
allowed  to  fall  to  pieces,  lamps  to  become 
broken,  reflectors  rustj',  and  very  little  atten- 
tion is  paid.  The  output  of  light  is  decreased 
considerably,  even  with  a  small  layer  of 
dust  or  dirt,  yet  many  installations  are  in 
operation  where  equipment  has  been  neglected 
for  years.  Certainh^  the  user  is  receiving 
but  a  very  small  percentage  of  the  light 
he  is  paying  for. 

Choice  of  the  Size  of  Lamp 

As  a  general  rule,  the  larger  lamps  are  more 
efficient  and  cost  less  per  unit  of  illumination 
than  small  lamps.  The  fewer  the  number  of 
outlets,  the  less  the  cost  of  wiring  and  main- 
tenance. On  the  other  hand,  in  designing  an 
installation  a  consideration  of  this  feature 
alone  may  make  the  lighting  practically 
worthless.  For  example,  an  area  of  4000 
square  feet  is  to  be  lighted.  If  one  quarter 
watt  per  square  foot  is  provided,  1000  watts 
are  needed.  For  ordinary  ceiling  heights, 
one  1000-watt  lamp  would  certainly  not  be 
the  type  to  employ. 


ICirr  AS  AN   AID  TO  Till';  'I'RAXSPok'I'A'I'inX  ()|-   MATI'RIAI- 


I',') 


'riic  si/f  111  llu'  lainji  is  conl  rollrd  primarily 
1)\'  llu'  ri'iiiuj;  lni>;lil.  In  dllior  words,  lainiis 
Iniiii;  -'{)  11.  alxivi'  tlio  llodr  on  L'O-fl.  iriUcrs 
^\w  tlio  sanu-  ri'sulls  as  lamps  10  ft.  ai)ovt' 
the  lloor  on  lO-l't.  t-cnlcrs.  All  other  items 
iK'inK  eiiiial,  mind  this  statement,  a  -l(l()-\vatt 
lani])  "JO  ft.  liiKh  wouli!  he  as  elTeelivc  as  fcnir 
l()(l-\vatl  lamps  10  ft.  liiKh. 

()llur  ilems  to  consider  are: 

(a)  ()l)sl ructions  of  various  sorts.      If  ma- 

terial is  ])iled  lii^h  or  if  there  is 
much  ])ii)in).^.  cross  beams,  etc.,  it  is 
a])parent  that  dense  shadows  would 
he  cast  hy  larj^e  lamps widch'sjjaced, 
which  could  he  avoided  by  iisinp; 
small  lamjis  spaced  more  closely 
together. 

(b)  Character  of  cciUng,  walls,  and  general 

surroundings.  If  these  are  light  in 
color,  reflecting  well,  then  con- 
siderable diffuse  hght  is  introduced 
in  the  illumination.  This  elimi- 
nates shadows  and  permits  wider 
spacing. 

(c)  Size  of  hay.     The  total  area  is  usually 

divided  into  bays  by  posts  or 
columns  and  for  good  appearance, 
as  well  as  ease  of  construction;  it  is 
desirable  to  install  outlets  symmet- 
rically with  respect  to  the  bays. 
This,  of  course,  has  a  determining 
effect  on  the  spacing  and  hence 
on  the  size  of  lamps.  This  practice 
is  particularly  important  in  ware- 
houses where  material  is  piled  or 
stored  in  reference  to  the  arrange- 
ment of  posts. 

Choice  of  a  Reflector 

The  question  of  decorative  appearance  is 
not  very  important  in  the  class  of  building 
under  consideration.  The  object  is  to  get 
the  maximum  light  on  the  floor  and  hence 
on  the  material  w^ith  the  least  expenditure  of 
energy.     An  efficient  reflector  is  essential. 

In  general,  glass  reflectors  are  not  well 
suited  for  this  type  of  interior  on  account  of 
the  likelihood  of  their  being  broken.  Freight 
handlers  are  none  too  gentle  in  their  methods, 
and  in  carrying  high  pieces,  lengths  of  pipes, 
etc.,  no  particular  pains  will  be  taken  to  clear 
the  reflector.  An  efficient  steel  reflector  is 
generally  the  solution. 

The  dome-type  reflector  gives  a  greater 
spread  of  light  than  the  deep  bowd,  permitting 
wide  spacing  without  intervening  areas  in 
darkness.  This  style  also  gives  a  higher 
output. 


Till-  dirty  surroundings  iiavc  bc-c-ii  ineii- 
lioni'd  before  and  the  surface  of  the  nrfluclor 
should  lie  such  that  it  can  l)e  eiusily  cleaned, 
i'orccl.'iin  enamel  is  virtually  a  layer  of  gla.ss 
applici!  to  the  steel  Ikisc  and  has  all  the 
advantages  of  glass.  It  is  easy  to  clean,  soap 
and  water  or  even  a  wet  rag  will  give  the 
porcelain  a  bright,  clean  surface,  returning 
it  to  its  original  eHicicncy.  even  though  it 
has  become  grcjisy  or  very  dirty.  It  resists 
acid  fumes,  whereas  other  finishes  are  likely 
to  deteriorate  rapidly  if  ex]josed  to  certain 
vapors.  Being  heat  resistant,  it  does  not 
dei)rcciate  nor  turn  yellow  with  age.  It  has 
a  high  reflecting  power. 

All  enameled  surfaces  are  not  equally 
ellicicnt.  Good  enameling  apj^ears  a  pure 
white  or  possibly  a  trifle  yellow.  A  thin 
coating  of  enamel  appears  slightly  blue,  due 
sometimes  to  the  base  metal  showing  through. 
Reflectors  with  a  surface  having  a  slight 
bluish  tint  arc  by  no  means  as  efficient  as 
those  pure  white.  The  enamel  should  be 
evenly  distributed  and  there  should  be  no 
cracks,  however  small.  Moisture  will  creep 
through  minute  cracks  and  finally  attack  the 
base  metal.  The  enamel  should  not  be 
extremely  brittle,  as  this  chips  too  readily  on 
being  struck.  In  reflectors  to  be  used  out  of 
doors,  particular  attention  should  be  paid 
to  the  enameling  around  the  joints,  for  these 
are  most  susceptible  to  rusting. 

The  leading  manufacturers  of  industrial 
lighting  reflectors  have  now  standardized  on 
certain  shapes,  sizes,  and  quality  of  reflectors. 
A  constant  check  is  kept  on  this  latter  item 
and  a  purchaser  obtaining  a  reflector  with  the 
label  of  approval  attached  need  have  no 
hesitancy  as  to  the  items  outlined  above. 
The  standardization  referred  to  marks  a  big 
step  forward  in  '"Quality  Lighting." 

Warehouses,  Express  and  Freight  Stations 

The  light  should  be  quite  evenh-  dis- 
tributed, as  labels  and  markings  must  be 
read  an\'W'here  about  the  floor,  yet  the 
demands  in  this  respect  are  by  no  means  as 
exacting  as  where  close  visual  work  must  be 
carried  on.  The  intensity  should  be  highest 
near  the  doorway  and  down  the  main  aisles, 
for  here  is  found  the  densest  traffic.  To 
attain  an  average  intensity  of  at  least  one 
foot-candle  and  not  have  the  minimum 
appreciably  below  one  fourth  foot-candle, 
specified  by  the  industrial  codes,  from  0.15  to 
0.25  watt  per  square  foot  of  floor  area  is 
advisable.  This  figure  presumes  the  use  of 
high  efficiency  lamps  and  suitable  reflectors, 
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and  takes  into  account  an  average  amount  of 
acquired  depreciation,  which  is  rather  high 
in  the  class  of  building  under  consideration. 

The  following  general  rules  on  maximum 
desirable  spacing  apply. 

Ceiling  10  ft.  or  less 16  ft. 

Ceiling  10  to  15  ft 20  ft. 

Ceiling  above  15  ft 30  ft. 

Of  course,  these  are  subject  to  more  or  less 
variation,  depending  on  the  manner  in  which 
m_aterial  is  stored. 

For  long,  narrow  rooms  (less  than  30  ft. 
or  approximately  one  bay  wide),  one  central 
row  of  outlets  will  serve  the  ptirpose  well. 
75-watt  tungsten  filament  gas-filled  (Mazda 
C)  lamps  in  enameled  dome  reflectors  on 
15-ft.  centers  would  be  a  tyjjical  installation 
for  a  room  with  a  10-ft.  ceiling,  whereas 
100-watt  units  on  20-ft.  centers  could  be 
used  if  the  ceiling  were  15  ft. 

If  the  room  is  wider,  it  is  well  to  space 
outlets  symmetrically  in  the  bays.  For 
example,  a  warehouse  from  40  to  00  ft.  wide 
should  have  two  rows  of  lighting  units,  while 
one  over  60  ft.  will  probably  require  three 
rows. 

With  ceilings  averaging  15  ft.,  one  outlet 
in  the  center  of  each  20-ft.  standard  bay  is 
excellent  practice,  as  shown  in  Fig.  2.  Where 
material  is  piled  almost  to  the  ceiling,  it  is 
necessary  to  localize  units  with  reference  to 
the  aisles,  as  pictured  in  Fig.  3. 

For  the  loading  platforms  similar  units  and 
rules  as  to  spacing  apply.  A  particularly  well- 
lighted  platform  of  this  character  is  shown 
in  Fig.  5.  Where  units  are  exposed  to  the 
elements,  attention  must  be  paid  to  the 
weatherproof  qualities. 

To  provide  for  the  lighting  of  cars  which 
are  to  be  unloaded  or  loaded,  socket 
receptacles  should  be  installed  on  the  pillars 
near  the  track  side  of  the  warehouse  or 
station.  In  some  cases  these  are  installed 
along  the  track  edge  of  the  platform,  slightly 
below  the  level  of  the  car  doors.  This 
practice  has  certain  advantages  in  that  a 
shorter  cord  will  suffice  and  the  wiring  does  not 
interfere  with  trucking. 

Extension  cords  with  suitable  sockets  and 
lamps  with  wire  guard  should  be  available 
for  use  inside  of  the  cars.  The  lamp  guards 
can  well  have  a  hook  arrangement  so  that  the 
units  may  be  hung  from  the  ceiling  rods  in 
the  car.  A  typical  layout  for  a  small  freight 
or  express  shed  with  loading  platform  is  given 
in  Fig.  1. 


Transfer  Platforms 

Well-lighted  transfer  platforms  promote 
safety  of  trucking  and  facilitate  the  handling 
of  freight  and  express  between  the  freight 
houses  and  express  platforms,  and  the  cars 
on  the  outside  tracks.  Absence  of  light  here 
is  a  contributing  cause  to  the  placing  of 
freight  in  the  wrong  cars,  for  a  great  deal  of 
this  work  is  done  at  night. 

These  platforms  are  generally  long  and 
narrow,  being  merely  the  space  between  ad- 
jacent tracks.  Some  are  covered  and  others 
uncovered.  For  the  covered  platforms,  units 
should  be  located  midway  between  supporting 
posts,  or  if  the  posts  are  very  close  together, 
in  each  second  section.  If  the  platforms  are 
uncovered,  a  central  row  of  posts  should  be 
provided  which  will  support  weatherproof 
lighting  units  on  simple  bracket  arms. 

For  this  work,  a  relatively  flat  reflector  is 
most  suitable, .  for  not  only  must  there  be 
light  on  the  ground,  but  also  on  vertical 
surfaces,  as  the  freight  checkers  must  com- 
pare stub  tickets  given  them  in  the  ware- 
houses, with  similar  tickets  placed  on  the 
sides  of  the  cars,  for  which  the  freight  is 
intended. 

It  is  difficult  to  state  exactly  what  size  of 
lamp  should  be  used,  as  this  depends  largely 
on  the  spacing.  75-watt  units  on  15-ft. 
centers,  100-watt  units  on  20-ft.  centers, 
150-watt  units  on  30-ft.  centers  should  prove 
satisfactory.     If,    in   the   case   of   uncovered 

Flan  and  elevation  of  Loading  Platform  andShed 


Indimtes    Lighting  OuMets 

Indicates   Plugs  for    Eitengion  Cord3 


Fig.    1.     Diagram    Showing    Lighting    Layout,    Typical  Small 
Freight  Shed 

platforms,  the  poles  are  spaced  as  far  apart  as 
40  ft.,  it  is  then  well  to  use  two  units  per  pole, 
one  on  each  side  in  the  plane  of  the  center 
line  of  the  platform.  This  is  necessary  on 
account  of  the  heavv  shadow  which  would 


l.IC.IIT  AS  .W   All)  'lO  'llll';    I  kANSl'Ok'lATION  OF   M  A'llCKIAI. 


Splendidly    Illuminated    Warehouse  of  Modern  Construction.     One  200-watt    tungsten  ftlameat  gas-tilUd   >.Mazda  C)   lamp 
in  enameled  dome  reflector  is  placed  close  to  the   15-ft.  ceiling  in  each  20-ft.  bav 


Fig.    3.      Day   View  in   a  Warehouse  Which   Has  an   Excellent    Illumination  System.      The  rooms  are  divided  into  bays  by  columns 

on  centers   20  by   20   ft.      Each   bay   is  provided   with  two  outlets.      Sixty-watt    tungsten  filament  gas-filled     Mazda'    lamps 

in  deep  bowl  intensive  aluminum  finish  reflectors  are  placed  close  to  the  13-ft  ceiling.      All  wiring  is  done  in 

conduit   and   rows  of  lights  are  controlled  by  snap  switches,   which  are  located   in  the  boxes 

shown  on  the  columns  in  the  foreground 
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otherwise  be  cast  by  the  pole.  Whatever 
unit  is  used,  it  should  be  supported  rigidly 
to  prevent  its  swinging  in  the  wind.  It  is 
also  well  to  provide  receptacles  for  extension 
cords  in  weatherproof  boxes  on  the  pillars. 

Flan  and  Llevalion  of  Loading  Platform  and  Shed 


—I 

Shed 


. j.. 

I 

^  I 

I 

L_ 


\ 


>H> 


J  Indicates   Lighting   Outlets 
Indicates    Receptacles  for   Extension  Cords 

Fig.  4.     Diagram  of  Lighting  Layout,  Typical  Transfer  Platforms 


A    typical    series    of    loading    platforms    is 
illustrated  in  Fig.  4. 

Piers 

The  annual  carrying  capacity  of  a  vessel 
depends,  to  a  considerable  degree,  upon 
prompt  loading  and  unloading,  so  that  it  is 
good  practice  to  work  night  and  day  when  it 
is  at  dock. 

Due  to  conditions  over  which  man  has  no 
control,  such  as  stormy  weather,  fog,  ice 
floes,  and  accidents,  a  fleet  of  ships  cannot 
maintain  any  absolutely  definite  schedule  as 
a  railroad,  and  these  unavoidable  losses  of 
time  must  be  made  up.  A  good  lighting 
system  must  be  maintained  in  order  that  the 
work  may  be  performed  efficiently  during 
the  dark  hours.  With  poor  lighting,  no 
matter  how  good  tlie  mechanical  equipment 
may  be,  the  human  element  cannot  worli 
rapidly  and  the  docking  time  will  be  length- 
ened. The  general  effects  of  good  lighting, 
as  otitlined  in  the  opening  paragraphs,  are  of 
course  found  on  the  pier  and  it  will  speed 
up  the  handling  of  material. 

It  is  fruther  necessary  to  provide  adequate 
Hght  for  the  custom  officers  to  properly 
inspect  all  freight  and  baggage  in  the  shortest 
possible  time.     The  amount  of  material  being 


handled    by    the    shipping    concerns    at    the 

present    time    is    greater   than    ever    before, 

making    this    subject    of    vital    importance. 

It  is  reasonable  to  estimate  that  at  least  one 

third  of  the  work  is  done  after  night  time. 

There  are  two  general  classes 

of  ocean  and  lake  piers,  the  first, 

those   used  for   both   passenger 

and  freight,   the  second,   those 

used  for  the  handling  of  freight 

only.     As  a  rule  the  larger  piers 

of    the    first    class    are    of    the 

double-deck      type,      passenger 

section  above,  while  the  freight 

pier  is   usually   only  one  story 

in  height.     Many  river  piers  are 

similar  in  structure  to  railway 

freight  platforms  and  should  be 

lighted  in  the  same  manner. 

All  piers,  are  long,  narrow 
structures,  the  sides  of  which 
consist  of  doors  through  which 
the  freight  is  passed.  The  center 
of  the  main  dock  is  employed 
as  a  driveway  for  trucks  and 
wagons.  Since  the  freight  is 
loaded'  from  the  sides  of  the 
piers,  more  light  is  required  here 
than  over  the  center,  a  low 
intensity  sufficing  for  the  trucking.  The 
requirements  for  the  sides  of  the  pier  cor- 
respond largely  with  those  for  a  warehouse  or 
freight  station.  The'  stevedores  must  read 
the  addresses  and  place  the  hoisting  tackle 
around  the  boxes,  bales,  and  casks  to  be 
loaded.  Lamps  should  be  hung  high  so 
that  they  will  not  interfere  with  the  storage 
of  freight,  will  not  be  broken,  and  so  that 
piles  of  freight  will  not  cast  long  shadows. 
It  is  often  advisable,  in  the  case  of  a  relatively 
low  ceiling  to  hang  lamps  between  the  girders 
rather  than  on  them.  This  permits  a  slightly 
higher  hanging. 

For  piers  handling  general  freight  and 
merchandise,  the  rules  for  spacing  and 
size  of  lamps  given  under  warehouses  apply 
for  the  side  baj's  or  loading  sections ;  approx- 
imately one  fourth  watt  per  square  foot 
will  give  adequate  lighting.  For  the  trucking 
area  or  center  bay,  larger  lamps  can  be  used 
on  wider  spacings.  A  general  figure  of 
one  eighth  watt  per  square  foot  will  prove 
satisfactory.  A  typical  loading  platform  or 
side  bay  well  lighted  in  accordance  with  the 
rules  laid  down  is  shown  in  night  view,  Fig.  5. 
Where  the  pier  is  relatively  narrow  with 
no  line  of  demarcation  between  the  loading 
areas  and  the  general  trucking  space,   asjTn- 
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Fig.  5.     Night  View  of  the  Delivery  Platform  of  a  Large  Railroad  Pier.     This  is  illuminated  by  200-watt,   bowl-frosted    tungstra 

Blament  gas-BUed   (Mazda  Ci   lamps  with  dome-shaped  enameled  steel  reflectors,  hung  well  out  of  reach.  Certainly 

trucking  and  freight  handling  can  be  carried  on  with  expediency  under  such  illumination 
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>.      Night    View   of   the    Passenger  Section  of  the   Chicago    Municipal  Pier.      This   is  2340  feet  long.      A    total   of   236,400-watt 
tungsten  filament  gas-filled    i Mazda  C)    lamps  in  opalescent  enclosing  globes  are  hung  25  ft.  high.      These  are  on  centers 
40  by  35  ft.      The  freight  section  is  located  on  the  floor  below.     This  is  of  equal  dimension,  but  with  a 
somewhat   lower  ceiling.      Similar  equipment   and   spacing  are  installed 
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metrical  arrangement  of  outlets  over  the 
entire  area  best  meets  the  conditions.  The 
diagram,  Fig.  7,  however,  shows  an  arrange- 
ment commonly  encountered.  For  these  par- 
ticiilar  dimensions,  150-watt  lamps  in  enam- 
eled dome  steel  reflectors  should  be  used,  one 
each  in  the  side  bays,  while  300-watt  units  of 
the  same  character  on  50-ft.  centers  furnish 
adeqiiate  light  for  the  central  or  trucking 
space. 

For  piers  devoted  to  the  hanciling  of  fruit, 
the.  lighting  requirements  are  considerably 
more  exacting.  A  higher  intensity  is  required 
and  more  even  distribution.  Fruit  after 
being  unloaded  on  the  pier  is  generally  sold 
at  auction.     The  commission  merchants  visit 


veniences  of  ocean  travel.  A  well-equipped 
and  thoroughly  modern  passenger  deck  is  pic- 
tured in  Fig.  6. 

The  traffic  in  the  neighborhood  of  a  busy 
pier  is  quite  heavy.  To  avoid  confusion  and 
resultant  delay  of  trucking,  the  approaches 
to  a  busy  pier  should  have  somewhat  better 
lighting  than  normally  furnished  by  the 
municipal  street  lamps.  vStandards  are  quite 
out  of  the  question,  as  they  are  very  likely 
to  be  broken  by  a  truck.  Brackets  suspended 
from  the  face  of  the  building  provide  the 
logical  solution.  Standard  street  lighting 
equipment  of  the  various  types,  with  their 
particular  advantages,  should  be  used  here. 
The  quality  of  light  or  the  size  and  spacing  of 


Plan  and  Elevation  of  Pier   Showing    Method  of  Lighting 


0  Location  of  Post' 

®  Location  of  Lighlrng  Units 


Fig.  7.      Diagram  Sliowing  Typical  Freight  Pier  Lighting  Layout 


the  piers  and  inspect  the  fruit.  It  is  quite 
important  that  the  true  condition  of  the 
fruit  be  shown  to  the  prospective  buyer. 
It  is  necessary  that  the  color  of  the  fruit  is 
not  distorted  and  a  close  approximation  to 
white  light  is  desirable  for  the  artificial 
illumination.  A  case  is  on  record  where 
commission  merchants  have  refused  perfectly 
good  fruit  and  left  it  to  rot  on  the  hands  of 
the  owners,  because  it  appeared  green  under 
artificial  light,  the  color  composition  of  which 
was  such  as  to  distort  m.aterially  the  natural 
appearance.  From  0.3  to  0.5  watts  per  square 
foot  is  desirable  for  a  fruit  pier. 

In  the  passenger  decks  of  the  pier,  some- 
what more  attention  ehould  be  given  to  the 
appearance  of  the  unit.  Most  people  who 
travel  by  boat,  for  business  or  pleasure,  are 
of  a  class  which  are  accustomed  to  the 
comforts  resultant  from  good  artificial  illumi- 
nation. The  patronage  of  this  class  of  people 
is  most  desirable  in  normal  times  and  a  well- 
lighted  pier  is  a  factor  toward  this  end. 
With  good  lighting  the  inspection  of  baggage 
by  the  custom  officers  is  facilitated,  which 
tends  to  eliminate  one  of  the  greatest  incon- 


units  is  a  matter  that  is  somewhat  out  of  the 
province  of  this  paper  and  governed  largely 
by  local  conditions.  An  excellent  example 
of  this  form  of  lighting  is  shown  in  Fig.  8. 

A  completely  equipped  pier  should  have 
high  powered  lamps  on  the  water  side  of  the 
structure.  These  should  be  hung  high  so 
that  the  open  hatchways  of  the  ships  will 
be  or  can  be  lighted.  This  facilitates  the 
freight  handling  and  tends  to  eliminate  acci- 
dent. The  actual  lighting  of  the  hatchway 
itself  is  taken  care  of  by  portable  lamps 
which  are  pa.Tt  of  the  ship's  equipment. 
The  external  lighting  of  the  pier  is  a  great 
protective  agency. 

The  importance  of  protective  lighting  has 
been  emphasized  in  a  number  of  papers  before 
the  Society.  Shipping  is  a  very  vulnerable 
part  of  our  war  activities.  The  methods 
outlined  for  protective  lighting  of  any  building 
apply  equally  well  to  the  pier.  Lam43s  sus- 
pended from  the  face  of  the  building  in  a  case 
of  a  pier  should  be  supplemented  by  search- 
lights and  floodlights,  which  are  adjustable 
and  can  be  used  to  sweep  the  surrounding 
waters.     Care  must  be  taken  to  see  that  these 
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unils  art'  so  aiT;iiij.;i'il  llial  a|i|irii:u'liiiij'.  anil 
passinj;  pilots  arc  not.  liliink'il  liy  ^^laiinK 
lii-anis.  l'raflicall\'  all  tlu-  larj^e  piers  hiive 
this  t\])(.'  of  (.'([uipim'nl  now  inslallrd.  It  is 
inex])c'(licnt  to  ^o  into  dflails  as  to  its  con- 
strucliun  or  apjilication. 

Conclusion 

It  must  lie  liorni'  in  mind  llial  a  dilTc'i-fiuT 
exists  between  liviL;lU  handlini'  and  ordiiiar\' 


small  unit  of  a  hu^;c  system  is  out  of  service. 
If  a  vessel  is  delayed,  entire  investment  lies 
useless  and  its  crew's  wa^es  j(o  on  without 
yielding  any  return. 

It  is  helieved  that  the  ca.se  for  jjood  li^htinji 
has  lieen  i)roven.  Im|)roper  or  inadefjuate 
ilhmiinalion  increases  the  cost  per  ton  of 
handling  frei),'ht.  Since  the  capacity  of  a 
warehouse  is  de])endent  on  the  sjjced  with 
whiih  material  moves  throu^;li  it,  had  lij,'htin}i 


Fig.  8.      On    Account  of  the  Density  of  Trucking  and  Traffic  in  the  Neighborhood  of  a  Pier,  it   is  Desirable  to  Have  Good   Illun 

nation  for  all   Adjoining   Arrears.      This  night   view,   taken  down   the   center   of  the    Commonwealth    Fish    Pier.    Boston. 

shows   the   effects   of  using    750-watt    tungsten   filament    gas  filled    iMazda   Cl    lamps  in   street   lighting  fixtures 

of  the  diffusing  type.      The   lighting   units  are  supported   on  brackets  extending 

from  the  face  of  the  building 


manufacturing  processes.  In  the  latter,  it  is 
possible  to  install  automatic  machinery  and 
so  plan  the  work  that  undue  congestion 
does  not  result.  From  the  ver}'  nature  of 
freight  handling,  practically  all  work  is 
manual  and  rapidity-  of  movement  is  essential 
to  prevent  delays  and  resultant  tying  up  of 
traffic.  The  demand  for  proper  artificial 
lighting  is  acute. 

While  this  is  true  in  the  case  of  railroad 
freight  it  applies  even  more  forcibly  to  the 
ship.     If  a  freight  car  is  held  over,  only  one 


reduces  the  capacity.  It  is  certain  that  it 
decreases  the  number  of  working  hours. 

Conversation  with  agents  in  charge  of 
poorly^  lighted  stations  and  warehouses  in- 
dicates that  they  realize  that  the  cause  of 
many  mis-sent  shipments  is  lack  of  proper 
lighting. 

Accidents  are  increased  with  darkness. 
The  cost  of  an  accident  in  damages  may 
be  many  times  the  cost  of  properly  lighting 
a  station,  warehouse,  or  pier  for  a  long 
period. 
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Methods  for  More  Efficiently  Utilizing  Our 
Fuel  Resources 

PART  XXIII.     COMPETITION  IN  COAL  MINING  AND 
FULL  UTILIZATION  OF  THE  FUEL* 

By  Chester  G.  Gilbert  and  Joseph  E.  Pogue 
Division  of  Mineral  Technology,  United  States  National  Museum 

A  phase  of  the  fuel  situation,  hitherto  untouched  in  this  series  of  articles,  viz.,  competition  in  coal  mining, 
is  clearly  outlined  and  emphatically  condemned  in  the  following  article.  Organized  and  co-operative  operation 
is  advocated.  The  wastefulness  of  burning  raw  coal  is  also  condemned,  and  strong  recommendation  is  made 
that  the  coal  products  industry  be  expanded  to  furnish  a  greater  amount  of  prepared  fuel  in  both  solid  and 
gaseous  states.  The  benefits  resulting  from  this  improved  method  of  fuel  utilization  and  the  marlceting  of  a 
greatly  increased  amount  of  coal  by-products  are  amply  described.  Th'e  authors  urge  the  public  to  interest 
itself  in  bringing  this  change  about. — Editor. 

necessary  in  the  utilization  of  coal,  the  con- 
ditions of  coal  production  are  likewise  not 
bes"  adapted  to,  the  nature  of  the  resource, 
and  offer  opportunities  for  advantageous 
changes.  Passing  over  anthracite,  because 
it  is  not  inherent!}'  a  necessity  and  because, 
moreover,  its  production 'is  effective  both  as 
to  engineering  practice  and  co-ordination  of 
operations,  we  find  that  the  mining  of 
bituminous  coal  is  so  widely  scattered  and 
loosely  co-operative  that  the  aggregated 
activities  are  to  be  looked  upon  as  an 
"industry"  onlj^  in  respect  to  their  common 
purpose.!  The  country's  most  basic  resource, 
indeed,  is  produced  through  the  medium  of  a 
thousand  disintegrated  units,  working  without 
concert  and  under  conditions  of  destructive 
competition. 

Bituminous  coal  mining  as  an  industry 
is  beset  by  conditions  which  are  the  occasion 
of  present  wastefulness  and  the  justification 
of  apprehension  for  the  future.  Scattered 
and  unorganized,  most  of  the  individual 
companies  are  small  and  financially  weak; 
no  adequate  co-operation  in  engineering 
practice  exists;  new  developments  are  slow 
of  growth;  coal  is  mined  for  the  most  part 
by  conservative,  long-established  practice. 
With  no  methods  of  storage  developed,  the 
average  mine  can  mine  coal  only  when 
railroad  cars  stand  ready  to  receive  it;  a 
fluctuating  demand,  accentuated  by  seasonal 
variations,  leads  to  instability  of  operations; 
many  mines  in  normal  tiines  must  close  down 
in  slack  periods,  with  destructive  effect  upon 
the  conditions  and  supply  of  labor.  For  years 
the  price  of  coal  at  the  mine  has  been  from 
$1  to  SI.  15  a  ton,  a  figure  so  low  that  only 
the  best  and  most  -  easily  obtainable  coal 
could  be  extracted  by  the  cheapest  methods 
of  mining,  irrespective  of  the  waste  involved : 


In,  spite  of  ample  supplies  in  the  ground, 
coal  inadequately  meets  its  obligations  because 
of  the  competitive  manner  in  which  it  is 
mined,  the  unnecessary  extent  to  which  it  is 
transported,  and  the  improper  way  in  which 
it  is  used.  The  first  has  caused  tremendous 
waste,  the  results  of  which  will  be  felt  heavily 
in  the  near  future;  the  second  has  caused  a 
coal  shortage  in  the  present  period  of  stress 
and  promises  a  repetition  at  every  coming 
period  of  sudden  industrial  expansion;  the 
third  has  imposed  an  excessive  burden  of 
cost  upon  the  public.  To  prevent  waste,  to 
circumvent  shortage,  and  to  lower  cost, 
changes  in  our  system  of  coal  economics  are 
necessary.  These  changes  must  be  deter- 
mined by  coal  itself — by  the  nature  of  its 
geographic  distribution,  geologic  occurrence, 
mining  technology,  and  chemical  composition. 
It  is  the  purpose  of  this  article  to  draw  from 
the  considerations  enumerated — from  an 
analysis  of  the  resource — an  expression  of  the 
directions  which  these  changes  should  take. 

The  Economic  Status  of  the  Coal  Mining  Industry 

The  United  States  in  1917  produced  in 
round  numbers  640,000,000  tons  of  coal. 
About  one  seventh  of  this,  or  90,000,000  tons, 
was  anthracite,  while  the  rest  was  bituminous 
coal  of  various  grades.  The  anthracite 
came  from  a  small  area  of  less  than  500 
square  miles  in  Pennsylvania;  the  bituminous 
supply,  from  30  states,  with  Pennsylvania, 
West  Virginia,  Illinois,  and  Ohio  contributing 
about  three  fourths  of  the  total. 

While  the  greatest  improvements,  with 
most  telling  consequences,   are  possible  and 


^Abstract  of  a  paper  "  Coal,  The  Resource  and  Its  Full  Utiliza- 
tion" by  the  authors.  Bulletin  102,  Part  i.  United  States  Na- 
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the  inniiaj^i.'  of  thin-s(;un  aiul  l)i(^h-cr)st  ariius 
saorilRi'il  in  the  ]inici'ss  amounts  to  more 
than  liah'  the  total  coal  imxhiced  to  <late. 
Many  districts  have  been  l)unlene(l  witli  a 
leasing  system  that  ohli^jateil  the  comijany 
to  remove  a  ^'von  tonnaj^e  each  year,  irre- 
S])ectivc  of  market  demand  or  i)riec,  with  the 
result  that  the  ricliesl  sjjois  were  drawn  from 
scam  after  seam  with  irretrievable  loss  to 
present  needs.  Miners'  unions  in  j,''-''i<-'''al 
have  fixed  wages  on  the  l)asis  of  thick  and 
easily  worked  seams,  and  im]josed  such 
severe  penalties  upon  inferior  conditions 
that  the  operator  is  precluded  from  introduc- 
ing new  and  improved  methods.  Ui)on  all 
this,  the  policy  of  the  Government,  as 
exemplified  in  its  anti-trust  laws,  has  for- 
bidden combinations  and  restrained  co- 
operation, with  the  result  that  large-scale, 
standardized  operations,  a  ]:)aramount  and 
distinctive  American  achievement,  is  prac- 
tically lacking  in  the  mining  of  coal. 

These  conditions  are  ]5articularly  objection- 
able because  they  concern  a  product  of 
fundamental  importance.  As  compared  with 
the  iron  industry  or  the  copper  industry,  the 
coal  industry  appears  in  an  unfavorable  light 
in  production  efficiency.  The  ditTercnce  is 
not  to  be  attributed  otherwise  than  to  the 
competitive  system  of  small-unit  mining, 
which  has  prevailed  for  coal  in  this  country 
and  indeed  been  perpetuated,  against  a 
natural  tendency  otherwise,  by  a  public 
policy  hostile  to  combination. 

Coal  cannot  be  mined  effectively  under 
the  present  system.  The  nature  of  the 
resource  demands  integration.  Only  by  the 
grace  of  lavish  coal  wealth  has  the  United 
States  this  long  borne  the  incubus  of  com- 
petition in  coal  mining.  So  much  is  generally 
recognized,  but  the  means  w'hereby  integra- 
tion may  be  attained  are  less  apparent. 
The  most  practicable  path  leads  toward  the 
enlargement  of  the  public  utilities  conception 
to  embrace  coal. 

We  may  define  a  public  utility  as  a  necessity 
which  does  not  lend  itself  to  competition. 
In  such  a  category  fall  gas,  water,  and 
electricity,  the  telephone  service  and  traction 
systems  of  municipalities.  In  the  case  of 
these  necessities,  public  regulation  is  sub- 
stituted for  the  restraining  influence  of  a 
competition  that  has  been  found  inexpedient. 
Coal  is  a  necessity  which  does  not  lend  itself 
to  competitive  mining. 

In  anthracite  is  found  an  interesting  spokes- 
man of  this  principle.  The  anthracite  industry 
began  with  many  competing  units,  but  the 


smallness  of  the  field  made  combinati(in 
easy  and  led  to  the  merging  of  the  rival 
interests  in  a  unilietl  organization.  The  jiur- 
])ose  of  the  comi)inalion,  judgeil  by  the 
results,  was  twofold;  to  raise  the  jjrice  of 
anthracite  and  to  increa.se  the  efficiency  of 
mining.  The  <lisad\'antages  of  the  first  was 
conmionly  recognized,  i)Ul  not  the  advantages 
of  the  second,  which  were  eciually  significant. 
Through  its  monojjolistic  control  of  a  recog- 
nized necessity,  the  combine  years  ago 
became  a  matter  of  ijublic  concern  and  the 
government  faced  two  alternatives  in  meeting 
the  ])roblem  thereby  raised — it  could  either 
recognize  a  combination  in  restraint  of  trade 
and  order  its  disintegration;  or  else  accejjt 
the  combination  as  a  procedure  essential  to 
the  proper  handling  of  the  resource,  and 
impose  suitable  restrictions  on  the  basis 
that  the  activity  had  become  automatically 
a  public  utility.  The  first  procedure  was 
adopted  and  the  combine  was  dissolved  in 
so  far  as  its  legal  existence  was  concerned; 
but  at  bottom  the  combination  persisted, 
because  it  was  inherent  in  the  nature  of 
anthracite  development  and  could  not  be 
legislated  out  of  existence.  The  alternative 
chosen  by  the  government  was  impossible  of 
execution.  It  is  open  knowledge  that  the 
anthracite  companies  today  operate  in  concert 
and  fix  prices  by  circular  announcements  at 
rates  suitable  for  the  effective  operation  of 
both  high-cost  and  low^-cost  mines.  As  a 
result,  anthracite  is  mined  efficiently  in  spite 
of  laws  opposing  the  means  to  that  end. 

The  bituminous  industry  deals  with  a 
necessity  that  is  lending  itself  less  and  less 
to  competitive  production.  Competition  is 
incompatible  with  economy,  because  coals 
expensive  to  mine  cannot  compete  on  a 
commercial  basis  with  those  which  may  be 
mined  cheaply,  and  the  two,  in  general, 
occur  in  such  intimate  association  that  the 
first,  under  present  conditions,  must  be 
sacrificed  in  order  to  get  the  second.  If  the 
price  is  arbitrarily  fixed  high  enough  to  cover 
the  extraction  of  high-cost  coal,  society^  will 
pay  too  much  for  low-cost  coal.  If,  on  the 
contrary-,  the  price  is  allowed  to  seek  a 
natural  level,  the  high-cost  coal  cannot  be 
extracted  and  much  of  it  becomes  permanently 
lost.  It  may  be  asserted  that  we  should 
use  up  the  cheaply  obtainable  coal  first  and 
then  later,  w'hen  necessary,  turn  to  the  coal 
more  expensive  to  produce.  Such  would  be 
advisab.e,  w-ere  it  not  for  the  fact  that 
the  fat  and  the  lean  occur  intimately  mixed, 
and  we  cannot   later  return   and   glean  the 
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unused  values.  This  limitation  is  set  by  the 
geological  occurrence  of  coal  and  cannot  be 
changed.  The  only  way  bj'  which  coal  can 
be  mined  effectively  is  for  the  price  to  be 
adjusted  to  the  mining  costs  of  each  mine, 
and  even  to  those  of  different  parts  of  the 
same  mine.  Obviously,  this  would  require 
a  pooling  of  interests — in  short,  integration. 

Bituminous  coal,  therefore,  is  a  necessity 
which  cannot  be  produced  advantageously 
under  competitive  operation.  It  has  become 
by  its  very  nature  a  public  utility,  and  its 
administration  as  such,  with  integrated 
activity,  is  the  only  practicable  way  by  which 
its  full  service  can  be  secured. 

Integrated  coal  mining,  under  proper 
limitations,  will  reduce  waste,  stabilize  pro- 
duction, adjust  supply  to  demand,  lessen 
transportation,  and  hold  the  centers  of  coal 
production  longer  than  otherwise  in  their 
present  spots  to  the  advantage  of  the  present 
distribution  of  industrial  activities,  but 
cannot  be  expected  to  lower  the  cost  of 
coal  to  the  consumer.  For  that  purpose, 
far-reaching  changes  in  coal  utilization  alone 
will  suffice.  While  the  price  of  coal  to  the 
consumer  has  been  too  high,  the  price  of  coal 
at  the  mine  has  been,  in  general,  too  low — so 
low  in  fact  that  it  has  been  a  small  factor 
in  the  ultimate  cost  to  the  public.  That  is 
evident  in  the  contrast  between  one  dollar 
and  the  figure  the  consumer  pays.  The 
price  of  coal  at  the  mine  mouth,  however, 
has  been  slowly  advancing;  the  upward 
tendency  is  natural,  and  if  left  to  itself  will 
become  stronger  and  stronger  as  more  and 
more  of  the  easy-to-get  coal  is  mined.  At 
the  present  moment  the  price  at  the  mine 
is  too  low,  because  of  the  apparent  abundance 
of  easy-to-get  coal;  but  within  a  very  few 
years  (if  not  already),  with  the  exhaustion  of 
cheaply  mined  coal,  the  mining  costs  are 
bound  to  attain  a  rank  raore  consequential 
in  effect  upon  the  ultimate  price.  It  is 
even  now  very  generally  conceded  that  the 
"day  of  cheap  coal  is  over."  While  inte- 
grated mining  would  add  slightly  to  the 
average  ton-cost  of  coal  at  the  mine,  the 
effect  would  be  to  relieve  the  further  upward 
tendency  from  the  acute  increase  which 
present  conditions  will  inevitably  create. 
The  result,  in  fine,  will  be  to  prolong  to  the 
utmost  the  period  of  cheap  coal. 

The  advantages  of  integration  in  coal 
production  are  well  known  in  other  countries. 
The  thin  seams  of  the  eastern  coal  fields  of 


ndeed,  has  been  so  great  as  to  extend  into 


Canada  can  be  worked  only  under  a  co- 
operative system,  as  pointed  out  by  the 
Canadian  Department  of  Mines.  Belgian 
mining  law  imposes  the  obligation  of  co- 
operative measures  upon  the  coal-mining 
concessionaire.  Co-operative  coal  marketing 
has  been  successfully  practiced  in  many 
parts  of  the  world,  notably  in  Germany  and 
in  the  Transvaal. 

In  short,  coal  as  a  resource  demands 
co-operative  measures  of  development.  This 
is  true  of  coal  in  peculiar  degree  and  holds 
equally  for  no  other  resource.  The  reason  is 
twofold.  .  In  the  first  place,  coal  deposits 
do  not  lend  themselves,  as  do  many  other 
types  of  mineral  deposits,  to  a  graded  extrac- 
tion of  values  according  to  the  strength  of 
economic  demand.  In  the  second  place, 
coal  as  the  major  source  of  power  is  the 
basis  of  modern  life,  and  as  such  imposes 
upon  organized  society  a  direct  responsibility 
to  insure  its  most  effective  disposition. 

UTILIZATION 

Coal  as  now  used  fulfills  three  distinct 
and  unrelated  functions.  It  furnishes  in- 
dustrial power,  material  for  the  manufacture 
of  coal  products,  and  domestic  heat.  About 
two  thirds  of  the  coal  consumed  in  the  United 
States  goes  into  the  production  of  power 
which  is  divided  almost  equally  between 
the  industries  and  the  transportation  systems ; 
about  one  sixth  is  used  as  a  raw  material  for 
making  substances  employed  industrially, 
such  as  metallurgical  coke,  upon  which  the 
iron  industry  depends,  and  gas,  nitrogen 
compounds,  benzol,  tar,  and  coal-tar  products. 
One  sixth  approximately  is  employed  for 
heating  homes  and  other  buildings.  It  will  be 
observed,  then,  that  the  combined  industrial 
■requirements  outweigh  the  needs  of  the  home 
five  to  one. 

This  threefold  function  of  coal  involves 
the  element  of  competition,  which  is  latent  in 
normal  times,  but  becomes  effective  in  periods 
of  stress.  War  conditions  in  America  have 
lately  developed  in  acute  form  the  inevitable 
consequence  of  this  competitive  tendency',  a 
shortage  of  fuel  for  domestic  heating.*  In- 
dustrial users  of  coal  are  strong  and  pre- 
ponderant; thejr  can  meet  a  growing  cost  b}' 
passing  it  on  to  the  consuming  public  in 
the  form  of  higher  prices;  and  in  cases  of 
shortage  they  are  normally  given  precedence 
in  distribution.  Domestic  users  of  coal, 
on  the  contrary,  are  scattered  and  weak;  in 
general  they  must  accept  what  is  left  after 
the    wants    of   industry    are    satisfied.     The 
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lidiiu',  I  lu'ii'lni'c,  is  IniTcil  In  pav  a  ])ricc 
(lc\clii|icil  li\  till'  inilustrial  (Icinaiiil,  i>v  I'lsc, 
if  llic  |iiiic  111'  artilii'ially  lixrd,  stilTiT  nrn-c 
llian  its  rrlalixi-  shari'  ol'  thi-  sliortavjc  wliicli 
tlu'  I'xiiaiidt'd  (K-niaiuls  of  iiulustry  cvcaU'. 
'Pills  c'oiulition  is  nut  peculiar  to  the  |)rosi.'nt 
situation,  UioukIi  iu-vit  hcfoiv,  of  coursr, 
so  };ravt'ly  inanifosl ;  it  is  iiihorcnt  in  our 
])resonl  system  of  fiu'l  utilization,  which  if 
luiohanijed  nuiy  he  cx])cct(.'d  to  disjilay  a 
n.'potitii>n  during  every  future  ])eriod  of 
industrial  quickeninj^.  Aloreover,  the  f^rowth 
of  industrialism,  by  incrcasin^j  the  industrial 
eonsum])tion  in  rcsjieet  to  the  domeslie,  will 
serve  to  make  the  d;inj:;er  ])roj,'ressivel\'  more 
serious. 

The  coiniictilive  temlency  that  now  obtains 
between  the  three  main  uses  of  coal  is  not 
justifiable  on  the  basis  of  the  character  of 
coal  itself.  On  the  contrary,  these  functions, 
at  present  antaj.:;onistic,  are  fundamentally 
complementary,  and  they  can  be  made  so  in 
practice  to  their  common  advantajje,  in 
respect  both  to  yielding;  cheaper  ])roducts  to 
all  interests  as  well  as  to  impartinj^  a  stability 
and  elasticity^  to  the  supply  that  will  better 
enable  it  to  weather  periods  of  stress.  In  the 
ideal  utilization  of  coal,  the  domestic  and 
products  uses  w-ill  be  completely  com- 
plementary, while  the  power  use  wall  supple- 
ment the  other  two.  Each  will  benefit 
from  the  others,  and  one  cannot  be  adequately 
developed  without  the  participation  of  the 
other  two.  The  means  whereby  this  advan- 
tageous co-operation  may  be  effected  are 
feasible  and  within  the  reach  of  an  immediate 
start  toward  realization. 

Even  with  the  utmost  accomplishment  in 
the  direction  of  full,  co-ordinated  utilization 
of  coal,  however,  there  will  still  remain  the 
dominant  claim  of  ]50wer  generation,  involving 
by  its  size  an  undue  tax  upon  the  transpor- 
tation facilities  of  the  countr^^  This  persist- 
ing' characteristic  of  present  usage,  w4th  all 
its  potency  for  evil  consequences,  can  be 
alleviated  through  the  development  of  a 
power  resource  more  mobile  than  coal,  w-hich 
will  relieve  the  railroads  of  part  of  their  coal- 
hauling  responsibility.  Such  a  resource  is 
at  hand  in  the  form  of  hydroelectric  power, 
as  y-et  hardly^  touched  in  this  country.  The 
adequate  development  of  water  power  would 
not  onh'  relieve  an  unnecessary  reliance 
upon    our    transportation    systems,    but    it 

♦Responsible  for  this  is  a  complicated  geological  occurrence, 
involving  folded  strata,  depth,  water,  and  association  with 
thin  seams  of  slate,  as  contrasted  with  the  average  flat,  close- 
lo-thc-surface  beds  of  bituminous  coal. 

tLess  than  one  per  cent  of  the  bituminous  coal  of  the  country 
has  been  used. 


Would  also  reduce  ilie  ])owcr  use  of  coal  to  a 
portion  more  amenable  to  smooth  co-ordina- 
tion with  the  jiarts  employecl  in  the  coai- 
pnxhicts  industries  and  the  home. 

Fuel  for  Domestic  Heating 

'I'he  i)oint  of  logical  attack  \.\\i(>u  the  coal 
jiroblem,  then,  centers  in  the  home,  for  here 
lies  the  greatest  weakness  in  the  present 
systein  of  coal  utilizaticjn.  It  is  in  the  home 
that  conditions  are  the  most  discomforting  in 
times  of  stress,  that  trouble,  whether  it  be  of 
high  ])rice  or  actual  shortage,  has  the  least 
chance  of  remedy  by  industrial  enterprise. 

Approaching  the  coal  ])roblem  from  the 
l)oint  of  view  of  the  domestic  user,  we  find 
that  the  homes  of  the  country  are  insistent 
upon  anthracite,  in  so  far  as  its  use  is  not 
])recluded  by  expense  or  excessive  distance/ 
from  the  point  of  production  in  Pennsylvania. 
Thus  the  entire  northeastern  part  of  the 
country  is  entirely,  and  contiguous  territory 
as  far  west  as  St.  Paul  and  as  far  south  as 
Atlanta  is  partly,  dependent  upon  what  is 
l>opularly  termed  hard  coal.  As  is  well 
known,  this  is  due  to  the  twofold  fact  that 
anthracite  is  clean,  both  in  handling  and  in 
its  smokeless  combustion,  and  its  heating 
effect  is  uniform  and  high. 

But  anthracite  is  a  luxury.  It  combines 
refinements  of  quality  with  limitations  of 
supply— the  characteristics  of  every  luxvu-y. 
Its  cost  of  production  is  approximately 
twice  that  of  bituminous  coal;*  it  emanates 
from  one  region  only,  a  district  of  heavy 
freights;  it  has  no  capability-  toward  yielding 
bv-products  to  modify  its  cost;  besides, 
a  big  fraction  of  the  available  supply  is  already 
exhausted.  Its  domestic  use  may  be  con- 
tinued as  a  luxury,  but  anthracite  must  be 
dismissed  as  not  equal,  or  adapted,  to  the 
task  of  supplying  the  American  home. 

The  home,  therefore,  independently  of  its 
wishes  in  the  matter,  must  turn  to  bituminous 
coal  for  its  fuel  dependency.  There  is  no 
alternative.  Already  this  has  happened  to  a 
partial  extent ;  war  conditions  have  accelerated 
the  change;  the  future  demands  it  more 
completely.  The  advantages  of  bituminous 
coal  are  well  known — its  relative  cheapness,  its 
wide  distribution,  its  ample  reser\-es,t  the 
possibihty  of  improved  utilization.  But  there 
is  one  grave  objection  to  the  use  of  bituminous 
coal — its  dirtiness.  This  is  a  vahd  objection. 
Burned  in  the  raw  condition,  it  gives  off 
dense,  black  smoke  which  dirties  the  home, 
pollutes  the  atmosphere,  and  becomes  the 
implacable    enemy    of    civic    betterment    as 
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well  as  a  menace  to  the  health  of  the  city 
dweller.  Such  a  result  cannot  be  coun- 
tenanced. It  so  happens,  however,  that 
smoke  represents  the  most  concentrated  value 
in  bituminous  coal.  If  we  can  extract  this 
value  and  use  it  toward  reducing  the  cost  of 
fuel,  at  the  same  time  making  a  smokeless 
product  for  heating  use,  the  sole  objection 
will  be  turned  into  an  advantage,  and  the 
domestic  fuel  problem  will  be  solved. 

Artificial  Anthracite 

In  1915,  before  the  price  of  coal  was 
enhanced  by  war  conditions,  the  average 
value  of  bituminous  coal  at  the  mine  was 
$1.13  a  ton.  By  way  of  contrast.  Table  I 
shows  the  latent  values  contained  in  this 
quantity  of  raw  coal,  giving  the  figures  in 
round  numbers  and  basing  the  calculations 
on  prices  prevailing  in  1915. 


sequently,  under  the  stress  of  geological 
evolution,  lost  its  volatile  portions,  forced 
out  by  the  action  of  pressure  and  heat.  It  is 
merely  a  matter  of  accomplishing  a  similar 
result  by  artificial  means,  but  with  the 
important  advantage  that  while  nature 
dissipated  the  volatile  constituents  and  pro- 
duced only  one  end  product,  man  could 
catch  these  values  and  turn  them  to  his 
advantage.  There  are  no  insuperable  dif- 
ficulties in  the  way  of  such  an  accomplishment. 
Several  processes  capable  of  this  attainment 
are  already  in  course  of  development,  although 
comparatively  little  organized  research  has 
been  directed  to  the  problem.  An  intensive 
attack,  such  as  the  importance  of  the  matter 
deserves,  would  unquestionably  yield  an 
entirely  satisfactory  procedure.  The  problem, 
in  reality,  is  rather  one  of  economics  than  of 
technology.     When    the    need    of    artificial 


TABLE  I 

BALANCE   SHEET   SHOWING  CONTRAST   BETWEEN   VALUE  OF   ONE  TON   OF   BITUMINOUS 

COAL  AT   MINE   AND   VALUE  OF   PRODUCTS   WHICH   IT    CONTAINS,   BASED   ON 

CONDITIONS  PREVAILING  IN  1915.     THE  CONTRAST  IS  GREATER  TO  DAY 


Value 

at 

1915.' 

Quantity 

Value 
at  point 

of  pro- 
duction, 
1915 

1    ton    (2000    pounds)    bituminous  ,coal 

$1.13 

1500  pounds  smokeless  fuel 

10,000  cubic  feet  gas,  at  90  cents  per  1000. 
,  22      lb.     ammonium      sulphate,     at     2.8 

*$5.00 

t9.00 
0.61 

tO.75 
10.23 

Total 

§$1.13 

$15.59 

^Figure  based  upon  approximate  selling  price  of  anthracite. 
tFigure  based  upon  average  price  of  city  gas. 

JThese  figures  would  be  much  higher  if  an  adequate  coal  products  industry  were  in  existence. 
§This  figure  shows  clearly  that  lowering  the  cost  of  production  cannot  be  expected  to  lower  the  price  of  coal, 
production  were  eliminated,  the  price  of  coal  would  merely  be  a  dollar  less. 


if  the  cost  of 


Obviously,  there  should  be  a  way  for  the 
home  to  get  its  fuel  more  cheaply  than  it  has, 
when  a  ton  of  coal  worth  $1  at  the  mine  con- 
tains about  $14  worth  of  commodities  useful 
to  society. 

One  answer  to  how  these  values  may  be 
got  in  full  from  coal  lies  in  the  development  of 
artificial  anthracite.  The  accomplishment 
depends  merely  upon  the  establishment  of  a 
process  which  will  isolate  the  solid  fuel  portion 
of  bituminous  coal  in  the  form  of  a  substance 
equivalent  to  anthracite,  and  produce  from 
the  remainder  a  number  of  products  whose 
value  could  be  made  to  more  than  carry  the 
expense  of  the  operation.  Nature  has  pointed 
the  way  with  natural  anthracite,  which  was 
originally    bituminous    coal,    but    has    sub- 


anthracite  is  generally  appreciated,  a  suitable 
process  for  its  manufacture  will  be  forth- 
coming. 

Granted  the  necessity  for  a  smokeless  fuel 
other  than  anthracite  and  recognizing  that 
it  is  chemically  feasible  to  make  such  a  product 
from  bituminous  coal,  we  may  examine  the 
existing  economic  practice  that  bears  on  this 
matter,  with  a  view  to  ascertaining  at  what 
place,  if  any,  a  process  as  outlined  may  be 
introduced  and  placed  on  a  working  com- 
mercial basis. 

The  Coke  Industry 

We  naturally  turn  first  to  the  coke  industr3% 
for  here  the  greatest  progress  in  coal  utiliza- 
tion has  been  attained,  and  besides  coke  has 
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alri'iulv  liiiii  used  to  ;i  lirniu-d  i-xli'iil  for 
donu'Slii'  Ileal  iny;.  'I"lu'  iiiki'  ituluslry  coii- 
sitiiR's  iu'ail\-  nm-  sixth  of  our  hituiiiiiioiis 
coal,  and  has  as  its  inniU'(Hali'  jjuriiose  tlie 
I)ro(hK-lii)ti  of  t'okc,  a  suhstaiu-o  reciuircd  l)y 
tlio  imn  industry,  wliich  ahsorljs  most  of  the 

Ollt])lll.* 

Coke  is  made  1i\-  healing  cortain  classes  of 
bituminous  coal  at  hij^h  lcm])eralures,  with 
the  i)roduction  of  a  hard,  porous  residue, 
comi)oscd  essentially  of  c.arhon.  Two 
methods  of  manufacture  are  in  f:cneral 
commercial  use.  One  emjiloys  beehive  ovens, 
so  called  from  the  shape  of  early  ty[)es;  the 
other  makes  use  of  retort  ovens,  which  are 
usually  lonj^  and  narrow  and  assembled  in 
batteries.  The  latter  are  also  appropriately 
termed  by-product  ovens. 

The  beehive  oven  delivers  a  product  well 
suited  to  metallurgical  use,  but  the  process  is 
objectionable  because  of  the  waste  involved. 
It  not  only  fails  to  yield  the  maxinmm  of 
coke,  but  it  efTects  no  recovery  of  other 
valuable  constituents.  The  products  lost 
represent  a  measurable  waste  in  terms  of 
dollars,  but  they  carry  greater  significance  as 
being  the  raw  materials  upon  which  could 
be  built  an  adequate  manufacture  of  fertili- 
zers, dyes,  drugs,  and  explosives. 

The  by-product  oven  receives  raw  bitumi- 
nous coal  and  subjects  it  to  destructive 
distillation.  This  process  consumes  none  of 
the  coal,  but  breaks  it  up  into  five  com- 
ponents— coke,  gas,  ammonia,  benzol,  and 
tar — of  which  coke  is  the  main  product, 
while  the  other  four  are  called  by-products. 
About  half  of  the  gas  produced  is  used  to 
supply  the  heat  essential  to  the  operation; 
the  by-products  are  partly  or  wholh^  recovered 
according  to  the  details  of  the  practice. 
Where  the  by-products  are  wholh-  recovered, 
no  part  of  the  coal  is  wasted.  In  round 
numbers,  one  ton  of  bituminous  coal  vields 
1440  lb.  of  coke,  10,000  cubic  feet  of  gas,  22 
lb.  of  ammonium  sulphate,  two  and  one  half 
gallons  of  crude  benzol,  and  nine  gallons  of 
tar.  Half  of  the  gas  is  available  for  use  as 
fuel  or  in  lighting ;  the  ammonium  sulphate  is 
a  valuable  fertilizer;  benzol  is  an  excellent 
motor  fuel,  a  substitute  for  gasolene;  tar  is  a 
waterproofing  material  used  for  making  roof- 
ing and  for  dressing  roads. 

These  four  first-products  have  an  unlimited 
field  of  usefulness  as  such.  In  addition,  three 
of  them  represent  raw  materials  upon  which 

*From  one  to  one  and  three  quarter  tons  of  coke  go  into  the 
production  of  one  ton  of  iron,  so  that  the  coke  industry  is 
essential  to  the  iron  industry.  Coke  also  enters  into  a  number 
of  other  metallurgical  processes. 


important  fields  of  present  industry  are 
dci)endent  and  ujion  which,  if  bountifully 
su|)i)licd,  new  industrial  activities  of  far- 
rcaching  conseciuence.s  can  be  reared.  The 
ammonia,  recovered  as  such,  instead  of  in 
the  form  of  ammonium  sulphate,  forms  the 
basis  of  modern  refrigeration  and  is  used  for 
making  exi)losives  and  chemicals.  Benzol  is  a 
mixture  of  substances,  including  the  deaflly 
toluol,  which  can  be  made  to  yield  explosives, 
dyes,  drugs,  medicines,  solvents,  photo- 
graphic devclojjers,  and  other  chemicals. 
Tar,  likewise,  \ields  a  ten  per  cent  fraction 
which  may  be  turned  into  explosives,  dis- 
infectants, dyes,  drugs,  and  other  products. 
Benzol  and  tar,  in  short,  are  the  basis  of 
the  coal-tar  industry,  inadequately  developed 
as  yet  in  America — an  industry  which 
Germany  has  intensively  cultivated  to  an 
advantage  now  well  known. 

The  by-product  oven  is  complicated  and 
costly  to  install  and  to  operate  Like  the 
beehive  oven,  its  prime  purpose  is  to  deliver 
coke,  but  it  can  compete  with  the  beehive 
only  when  the  by-])roducts  can  be  disposed 
of  with  sufficient  advantage  to  cover  the 
greater  expense  of  the  by-product  practice 
and  contribute  a  margin  of  incentive. 

The  reasons  for  the  lagging  growi;h  of  by- 
product coking  in  America  are  clear  and 
specific.  There  has  not  been  a  sufficient 
demand  for  all  five  of  the  products,  due  to 
inadequate  industrial  utilization  of  gas  and 
the  practical  lack  of  a  coal  tar  industry.  Our 
economic  adjustment  gave  a  stable  demand 
for  onh-  two  of  the  products,  coke  and 
ammonia. 

The  consequences  of  inadequate  coal 
products  development  in  the  United  States 
have  been  serious,  in  some  respects  critical. 
Here  falls  entire  responsibility  for  recent 
shortages  in  explosives  of  certain  types,  as 
well  as  in  dyestufTs,  and  a  variety  of  drugs 
and  chemicals;  partial  responsibility  for  the 
high  cost  and  inadequate  supply  of  nitrogen 
compounds  and  gasolene;  and  even  a  httle 
of  the  blame  for  the  transportation  congestion 
of  1917-191S.  which  industrial  coal-gas  utili- 
zation could  have  alleviated  in  some  measure. 
These  considerations  are  apart  from  wasted 
materials  and  wasted  opportunities.  The 
coal  products  situation,  indeed,  represents  one 
of  the  most  complex,  subtle,  and  important 
problems  in  the  whole  field  of  industry 
today;  and  this  is  true  not  only  in  respect  to 
present  conditions,  but  also  as  regards  the 
trend  of  future  industrial  growth  to  a  degree 
difficult  of  full  appreciation.     The  failure  of 
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Great  Britain  to  sense  its  importance  before 
the  outbreak  of  the  European  war  came 
desperately  near  causing  her  defeat  during 
the  first  few  months  of  hostilities  through  a 
lack  of  toluol;  the  situation  was  saved  only 
by  the  happy  chance  that  the  British  gas 
industr}'  was  developed  with  by-product 
recovery,  and  by  straining  met  the  emergency. 
A  similar  failure  on  the  part  of  the  United 
States  is  responsible  for  some  of  our  recent 
embarrassments.  A  failure  .to  remedy  the 
situation  will  place  this  country  at  an  un- 
fortunate disadvantage  in  the  future.  It 
seems  remarkable  that  a  single,  partly 
developed  unit  of  industry  can  have  such  a 
vital  and  far-reaching  bearing  on  the  well- 
being  of  the  entire  nation,  but  such  is  un- 
equivocally true  of  coal  products.  That  fact 
cannot  be  expressed  too  plainlj^  or  in  terms 
too  strong. 

Having  examined  the  coke  industry  and 
observed  its  main  purpose,  the  production 
of  metallurgical  coke,  and  the  incidental 
recovery  of  by-products  on  the  part  of  nearly 
half  of  the  activity,  we  may  ask  if  this 
industry  cannot  extend '  its  scope  so  as  to 
produce  a  surplus  of  coke  which  may  be 
applied  to  fuel  use.  The  answer  is  in  the 
negative.  Coke,  being  designed  for  another 
purpose,  is  not  a  satisfactory  fuel.  While 
smokeless  in  combustion,  its  cellular  structure 
gives  it  an  intensitj^  of  combustion  and 
susceptibility  to  chill  that  renders  its  control 
troublesome.  Even  a  radical  change  in 
furnace  design  cannot  be  expected  to  over- 
come this  difficulty.  Moreover,  the  coke 
industry  is  centralized,  subject  to  marked 
fluctuations  according  to  the  demand  for  iron, 
and  has  not  yet  succeeded  in  modernizing 
more  than  half  of  its  practice.  Besides,  its 
by-product  manufacture  is  complicated  and 
costly.  A'letallurgical  coke,  then,  must  be 
dismissed  as  an  impracticable  general-service 
fuel.  The  by-product  coking  practice,  how- 
ever, illustrates  the  principle  of  full  coal-value 
utilization  and  therefore  points  the  way 
towards  progress  in  respect  to  fuel  coal. 
Modified  by-product  plants,  simpler  than 
by-product  coke  ovens,  producing  a  non- 
cellular  carbonized  residue  and  located  near 
the  points  of  utilization,  represent  the  lesson 
to  be  drawn  from  the  coke  industry. 

The  Gas  Industry 

We  may  turn  next  to  the  gas  industry  to 
ascertain  if  this  activity  is  capable  of  adapta- 

the  United  States 


tion  so  as  to  contribute  an  adequate  smokeless 
fuel  for  domestic  and  power  consumption. 
This  industry  consists  of  a  great  number  of 
separate  plants,  distributed,  one  or  more 
each,  among  the  cities  of  the  country.*  In 
the  aggregate  these  plants  consume  about 
one  per  cent  of  the  annual  coal  production 
of  the  country.  Their  prime  purpose  is  to 
manufacture  gas,  and  this  they  do  without 
adequate  regard  to  the  complete  recovery  of 
by-products,  although  many  plants  effect  a 
partial  recovery  of  ammonia  and  tar,  and 
,some  gas-house  coke  is  put  upon  the  market. 
Apart  from  the  oil  gas  plants  on  the  Pacific 
coast,  in  which  petroleum  is  used  because  of 
its  relative  cheapness  in  that  region,  the  gas 
industry  of  the  country  employs  coal  as  its 
raw  material. 

Three  types  of  gas  made  from  coal  are  in 
general  use — coal  gas,  carbureted  water  gas, 
and  mixed  gas:  Coal  gas  is  distilled  from 
bituminous  coal  by  heating  the  latter  in 
retorts.  Carbureted  water  gas  is  produced 
as  a  result  of  the  action  of  steam  upon  coke  or 
anthracite,  the  nonilluminating  water  gas 
thus  produced  being  then  "carbureted,"  or 
enriched,  by  the  addition  of  a  gas  of  high 
thermal  and  illuminating  power  made  from 
oil.  Mixed  gas  is  a  mixture  of  coal  gas  and 
carbureted  water  gas  and  is  supplied  in 
many  cities  in  the  United  States,  the  coke 
from  the  coal  gas  production  furnishing  the 
basis  of  the  water  gas  manufacture. 

Although  the  municipal  gas  plant  now  meets 
rather  inadequately  only  a  small  share  of  the 
fuel  needs  of  the  community  which  it  serves, 
it  represents  an  established  activity  which 
can  be  converted  into  an  organization  that 
will  supply  all  the  fuel,  whether  gaseous  or 
solid,  that  the  community  consumes.  The 
transformation  may  retain  the  gas  mains 
and  much  of  the  other  equipment  of  the 
present  type  of  plant,  but  in  the  place  of 
the  present  procedure  with  relative  neglect  of 
by-product  recovery  will  be  substituted  a 
by-product  system  of  coal  distillation,  produc-  ■ 
ing  artificial  anthracite,  gas,  ammonia,  benzol, 
and  tar.  This  will  mean  in  each  city  a 
centralized  purchase  and  consumption  of  raw 
coal,  and  a  centralized  distribution  of  prod- 
ucts. The  output  will  be  limited  at  first, 
at  least,  by  the  demand  for  solid  fuel.  A 
production  of  ample  solid  fuel  will  give  an 
excess  of  gas  over  that  now  produced,  which 
willcall  for  an  expansion  in  the  use  of  gas 
both  in  the  home  and  in  industry.  Such  ex- 
pansion will  come  as  a  result  of  cheaper  gas, 
incidental  to  the  proposed  plan  of  production, 
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toj^'etliiv  wiili  iinpniv cnniils  in  motliiMls  of 
utilizalinii;  ami  lliis  vi'r\-  expansion  will  ciil 
down  llii-  use  of  solid  fui'l  and  Ihoruhy  hasten 
the  adjustment.  The  three  remaining  first- 
products,  ammonia,  hen/ol,  and  tar,  as  alrea<ly 
])ointed  out,  ha\'e  an  unlimited  held  of  use- 
fulness as  such,  even  within  the  nuuiiei])ality  ;* 
and  by  shipment  will  eontrihute  a  supi)ly  of 
raw  material  to  the  needs  of  the  coal  jjroducts 
industry,  thus  permitting;  and  inducing,'  this 
im])ortant  field  of  endeavor  to  advance 
beyond  the  limits  now  imposed  upon  it  by  the 
coke  industry'. 

The  objection  may  be  advanced  that 
artificial  anthracite  has  not  been  perfected 
and  placed  on  a  commercial  basis,  and  until 
such  time  the  utilization  as  outlined  above 
must  wait.  It  is  indeed  true  that  such  a 
process  is  not  worked  out  in  detail  and  ready 
to  be  fitted  into  the  present  gas  industry,  but 
a  similar  condition  has  been  a  stage  in  the 
development  of  practically  every  technological 
process  and  the  recognition  of  the  demand  has 
created  the  means  for  its  accomplishment. 
But  even  granting  the  objection  as  valid, 
we  find  that  the  production  of  artificial 
anthracite  is  only  one  of  two  solutions  to 
the  problem  of  developing  an  adequate 
smokeless  fuel  from  bituminous  coal.  The 
prime  idea  is  to  separate  the  heat-  or  energy- 
producing  portion  of  the  coal  from  the 
constituents  valuable  as  commodities,  and 
dispose  of  the  two  groups  to  their  mutual 
advantage.  Hence  if  we  convert  the  energy 
component  entirely  into  gas  and  recover  the 
by-products,  we  may  accomplish  our  purpose 
without  calling  into  service  a  single  procedure 
which  is  not  already  in  successful  practice 
in  other  fields  of  industry-.  The  municipal 
gas  plant  affords,  in  the  second  instance  also, 
the  locigal  point  of  attachment  for  the 
development.  Only,  in  this  event,  in  the 
place  of  artificial  anthracite  and  gas,  plus 
ammonia,  benzol,  and  tar,  the  output  would 
be  gas  entirely,  with  a  similar  production  of 
ammonia,  benzol,  and  tar. 

The  twofold  possibility  of  advance  in  coal 
utilization  brings  up  the  relative  advantage 
of  a  solid,  smokeless  fuel  versus  a  gaseous 
fuel.  Their  applicability  for  domestic  use 
may  be  examined  first.  Solid  fuel,  such  as 
artificial  anthracite,  requires  no  change  in 
present  types  of  furnaces  and  grates;  is 
applicable  to  suburban  and  outlying  districts 

♦Ammonia  as  a  fertilizer,  benzol  as  a  motor  fuel,  and  tar  as  a 
road  dressing. 

tit  is  strictly  speaking  modified  or  serai  water  gas,  lower  in 
calorific  value  than  water  gas  proper  which  is  made  by  gasifying 
coke  or  anthracite  under  the  action  of  steam. 


not  served,  or  servable,  by  ])ipes;  and  will 
always  be  in  demand  for  open  fires,  (juseous 
fuel,  on  the  other  hanil,  eliminates  the  factors 
of  storage  and  haulage,  reduces  dirt,  and 
through  the  automatic  temperalun-  conirol 
of  gas-lired  furnaces  nullifies  the  inu  puiious 
losses  growing  out  r)f  igncjrance  and  waste  in 
connection  with  present  hand-firing.  For 
industrial  purposes,  gas  offers  conspicuous 
advantages,  as  evidenced  by  the  varied 
industrial  use  of  natural  gas  in  all  regions 
where  alnuidance  of  sujjply  creates  a  favorable 
price. 

The  successful  instigation  and  operation  of 
either  of  the  two  plans  proposed  will  dejjend 
upon  public  initiative  and  stimulus.  Neither 
plan  may  be  exjjected  to  come  into  action 
under  the  influence  of  private  industrial 
enteri)risc;  a  private  organization  would  have 
no  means  of  getting  adequate  returns  ujjon 
the  development  ex])enditure  since  the  benefits 
contemplated  would  accrue  alike  to  all  in- 
dustrial activities  as  well  as  to  the  public. 
The  first  move,  therefore,  devolves  upon  the 
public;  or  at  least,  upon  organizations  repre- 
sentative of  the  public  interest.  The  accom- 
plishment, however,  will  call  for  a  more 
effective  administration  of  public  utilities 
than  has  obtained  in  American  cities  in  the 
past,  and  this  will  come  only  after  full  public 
realization  that  technical  affairs  must  be 
directed  by  technical  knowledge. 

Technical  Advances  in  Coal  Utilization  in  Europe 

In  Europe,  with  the  necessity  for  economies 
in  fuel  consumption,  far  greater  advances  in 
the  utilization  of  coal  have  been  attained 
than  in  the  United  States.  And  these 
advances,  it  may  be  obsers^ed,  are  such  as  to 
lend  the  encouragement  of  successful 
experience  to  the  changes  in  coal  utilization 
demanded  by  the  needs  of  our  own  situation. 
The  status  of  the  British  gas  industry  has 
already  been  adverted  to  as  higher  than  that 
of  the  corresponding  activity  in  the  United 
States;  while  the  by-product  coking  of  coal, 
as  is  well  know'n,  has  been  carried  further 
in  Germ.any  than  elsewhere,  resulting  in  the 
strong  position  attained  by  that  country 
in  the  m.anufacture  of  dyestuffs,  chemicals, 
and  explosives.  Noteworthy  progress  abroad 
centers  also  around  the  development  and  use 
of  producer  gas,  the  briquetting  of  low-grade 
coals,  and  to  a  limited  degree  around  the 
manufacture  of  domestic  '"coke." 

Producer  gas  is  the  result  of  the  complete 
gasification  of  coal  under  the  action  of  a 
mixture  of  air  and  steam. f     Both  high-grade 
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and  low-grade  coals  may  be  employed  in  its 
manufacture  and  the  gas  may  be  produced 
with  or  without  the  recovery  of  the  by- 
products, ammonia,  benzol,  and  tar.  Most 
of  the  foreign  by-products  producer  plants, 
however,  at  least  before  the  war,  made 
adequate  recovery  of  the  ammonia  only. 
Producer  gas  is  suitable  not  only  for  large 
service  stations,  but  also  for  small  industrial 
plants  and  even  for  marine  engines  and 
locomotives.  The  manufacture  of  producer 
gas  from  coke,  peat,  lignite,  and  high-ash 
mine  refuse  has  become  so  thoroughly 
established  on  the  continent  as  to  be  a 
commonplace  procedure.  The  widespread 
use  abroad  of  the  producer  gas  principle 
has  brought  into  competition  with  high-grade 
coals,  used  as  such,  the  low-grade  coals  and 
coal-like  substances  needed  to  supplement  a 
limited  fuel  supply. 

The  briquetting  of  low-grade  lignitic  coals 
and  coal  slack  has  been  successfully  practiced 
in  Germany  and  other  European  countries 
for  over  30  years,  thus,  together  with  the 
results  attained  by  producer  gas,  bringing 
into  service  types  of  coal  largely  unused  in 
the  United  States.  A'  number  of  special 
forms  of  fuel  coke,  approximating  artificial 
anthracite,  have  met  with  some  measure  of 
success,  especially  in  England,  where  they 
are  sold  under  the  trade  names  of  coalite, 
charco,  coalexid,  and  others. 

As  a  war  measure,  the  belligerent  countries 
of  Europe  have  been  forced  to  take  radical 
steps  in  order  to  insure  an  advantageous  use 
of  their  coal  resources.  The  French  and 
Italian  governments  have  assumed  complete 
control  of  distribution.  In  May,  1917,  the 
Russian  provisional  government  took  over 
the  coal  mines  of  that  country  for  the  purpose 
of  controlling  distribution  and  prices.  Early 
in  the  war,  Germany  centralized  the  entire 
coal  industry  under  government  control  and 
a  recent  report  states  that  the  use  of  raw 
coal  has  been  forbidden.  In  England,  the 
coal  mines  are  under  full  government 
authority  and  in  addition  a  board  of  fuel 
research  has  been  established  which  is 
recognizing  both  the  economic  and  tech- 
nological sides  of  the  problem  of  bettering 
the  service  obtained  from  coal.  The  steps 
taken  by  the  United  States  are  well  known. 

The  Possibilties  of  American  Low-grade  Coals 

In  view  of  the  advances  in  the  utilization 
of  low-grade  coals  abroad,  we  are  led  to 
inquire  as  to  the  potentialities  of  similar  coals 
in  the  United  States,  which  have  heretofore 
not  been  called  into  action  because  of  the 


prevalence  of  more  desirable  grades.  Low- 
rank  coals  are  very  abundant  in  this  country 
as  shown  by  the  United  States  Geological 
Survey,  whose  results  are  summarized  and 
expressed  in  round  numbers  on  a  per  capita 
basis  in  Table  II. 

TABLE  II 

COAL  RESERVES  OF  THE   UNITED   STATES 

CALCULATED  TO  A  PER  CAPITA  BASIS* 


Anthracite 

Bituminous  coal . 
Lignitic  coalsf  .  . 


*The  calculations  are  made  by  the  writers  from  data  presented 
by  Marius  R.  Campbell,  The  Coal  Fields  of  the  United  States, 
General  Introduction,  Prof.  Paper  lOO-A,  U.  S.  Geological 
Survey,  1917.  The  figures  are  given  in  round  numbers  based  on 
a  population  of  100,000,000. 

flncludes  subbituminous  coal,  which  is  between  lignite  and 
bituminous  coal  in  quality, 

tPracticallj  untouched. 

The  deficiency  of  anthracite  and  the  mag- 
nitude of  lignitic  coals  are  at  once  apparent. 
It  has  already  been  shown  how  the  undue 
dependency  on  the  small  and  waning 
anthracite  reserve  may  be  relieved  by  a 
suitable  by-product  utilization  of  bituminous 
coal.  The  further  application  of  the  same 
principle  would  likewise  lend  significance  to 
our  lignitic  coals,  tending  to  raise  their  value 
from  little  or  nothing  to  a  point  justifying 
their  adoption  in  the  place  of  higher  rank 
coals  in  those  regions,  at  least,  in  which 
lignites  alone  occur. 

Considerable  experimental  work  in  this 
country  has  already  been  directed  toward 
making  lignites  effective  sources  of  heat  and 
power.  Because  of  their  high  moisture  con- 
tent and  tendency  to  "slack,"  these  coals  are 
not  suitable  for  transportation  like  ordinary 
coal.  Efforts  toward  burning  them  in  pow- 
dered form,  with  the  effect  of  gaseous  fuel,  or 
of  compressing  them  into  briquets  have  met 
with  some  success,  but  their  greatest  possibili- 
ties are  afforded  through  complete  gasification 
in  gas  producers,  or  by  carbonization  with 
bjr-product  recovery.  The  Bureau  of  Mines 
has  demonstrated  in  respect  to  the  last 
that  one  ton  of  air-dried  lignite  may  be  made 
to  yield  SOOO  to  10,000  cubic  feet  of  gas,  17 
lb.  of  ammonium  sulphate,  one  gallon  of 
oil,  50  lb.  of  tar,  and  one  half  to  two  thirds 
ton  of  carbon  residue  convertible  into  briquets 
approaching  the  value  of  anthracite.  Thus 
may  even  coals  lowest  in  rank  be  raised 
to  meet  the  social  needs  for  smokeless  fuel 
and  economy. 


Mi'TihiDs  I'ok  MoKi'  lii'i'Ki  l;.\'^I,^•  I'lii.izixc  inn  vvkl  rksourcks    si 


SUMMARY 

Coal  is  a  ri'smim'  rr(niisitr  In  the  liini'lioii- 
iii);  of  cN CI  y  nlluT  iTsouri'i'.  T\w  liomc, 
in<iusir\',  and  cnmnu'rtv  arr  I'litiivly  tk-jieiKl- 
eiit  upon  its  a(K'(|iiary.  Coal  is  tlie  l)asis 
of  ortjanizcd  litV.  ( )tiK'r  raw  materials  arc 
nu-roly  i)arls  of  tlu'  sori;il  faliric  incidental 
to  it;  iron,  for  exaniple,  does  not  come  to  the 
consumer  as  such;  hut  coal  is  comfort  and 
energy  as  well  as  a  commodity  to  he  manu- 
factured. Coal,  therefore,  in  its  far-reachinj; 
consequences,  has  assumed  a  res])onsihility 
equalled  h\'  no  other  substance. 

Under  present  conditions,  coal  fails  to 
measure  up  to  that  res])onsibility.  It  is 
wastefully  mined,  wastefully  distributed,  and 
wastefully  utilized.  It  is  wastefully  mined 
because  of  the  conditions  of  com])etition 
w'hich  society  imposes  upon  its  exploitation; 
it  is  wastefully  distributed  as  a  result  of  the 
unnecessary-  transjjortation  in  regions  supplied 
with  water  power  or  with  coals  less  desirable 
than  those  consumed;  it  is  wastefully  used 
due  to  the  lack  of  b>--i;iroduct  recovery  as  an 
accepted  economic  ])ractice. 

The  wastes  in  mining  may  be  decreased 
through  integrated  operations,  which  will  ob- 
viate the  economic  necessity  for  waste.  Coal 
submits  itself  to  integration  as  a  public  utility. 

The  wastes  in  distribution  may  be  reduced 
through  the  development  of  hydroelectric 
power,  thus  relieving  coal  of  unnecessary 
duties,  and  by  improvements  in  utilization, 
thus  destroying  the  over-dependence  upon 
high-grade  coals  which  now  necessitates 
undue  haulage. 

The  wastes  in  utilization  may  be  done 
away  with  by  establishing  a  method  of 
separating  the  energy-producing  constituents 
of  coal  from  the  commodity  values  and  using 
the  products  to  their  common  advantage. 
The  most  logical  point  of  attack  is  the 
municipality,  to  which  may  be  attached  a 
public  utility  plant  converting  raw^  coal 
into  smokeless  fuel — artificial  anthracite  plus 
gas,  or  gas  alone — and  valuable  by-products, 
ammonia,  benzol,  and  tar.  Such  a  plant 
would  supply  the  fuel  needs  of  the  community 
and  ship  the  surplus  by-products  to  serve  as 
raw-  material  for  a  coal  products  industry, 
developed  thereby  to  proportions  consistent 
with  its  importance  to  social  progress. 

Integrated  mining  will  lessen  the  increased 
costs  that  will  come  with  the  impending  extrac- 
tion of  thick-seam  and  easily  obtainable  coals. 

Reduced  coal  transportation  will  remove 
an  unnecessary  burden  from  the  railways 
and  prevent  the  repetition  of  the  congestion 


tliHiculties  so  aculelv  felt  durinv;  the  winter 
of  lltl7-l!)IS. 

Hy-producl  utilization  will  >{ive  cheajjcr 
fuel  through  the  advantageous  disj)osilion 
of  all  the  values  containeil.  It  will  alsr)  end 
the  smoke  nuisance,  relieve  lrans|)(irtation, 
and  cause  the  growth  of  a  great  coal  products 
industry  with  ultimate  possibilities  ranging 
beyond  the  grasj)  of  the  imagination. 

This  article  does  not  jiresume  lo  set  forth 
the  exact  methods  whereby  these  results  may 
be  attained;  the  ])rocedures  remain  to  he 
worked  out  in  detail.  Its  purjjose,  however, 
has  been  to  present  a  line  of  attack,  drawn  up 
on  the  basis  of  the  character  and  extent  of  the 
resource,  which  may  be  followed  to  specific 
advantage.  There  are  no  serious  technical 
obstacles  in  the  way;  the  chief  rec|uisite  for 
progress  is  a  ])0])ular  appreciation  of  the 
fact  that  coal  contains  greater  values  than 
society  is  getting  from  it.  From  this  realiza- 
tion will  spring  a  jjublic  demand  that  scientific 
and  technical  knowledge  be  used,  not  merely 
in  making  improvements  in  the  details  of 
present  practice  but  in  revising  that  ])ractice 
itself  and  shaping  a  policy  of  administration 
more  in  keeping  with  what  is  known  to  be  the 
potentiality  of  coal.  "  Mankind,"  writes  John 
Dewey,  "so  far  has  been  ruled  by  things  and 
by  words,  not  by  thought  *  *  *  .  If  ever 
we  are  to  be  governed  by  intelligence,  not  by 
things  and  words,  science  must  have  something 
to  say  about  what  we  do  and  not  merely  how 
we  may  do  it  more  easily  and  economically." 

And,  in  conclusion,  it  may  be  asked  what 
are  the  assets  and  the  liabilities  in  this  business 
of  demanding  a  full  accountability  from 
coal.     Here  is  the  balance  sheet : 

Assets: 

Ample  coal  resources. 

By-product  coke  experience. 

Municipal  gas  plant  installations. 
Liabilities: 

Tradition. 

Character    of    the    past    administration    of    the 
average  public  utility. 

Character  of  our  past  conduct  of  technical  matters. 

The  assets  are  large,  but  the  Liabilities,  it 
must  be  admitted,  have  been  insistent  enough 
to  block  progress  in  the  past.  Whether  they 
will  continue  to  overbalance  the  assets  will 
depend  upon  the  course  of  public  opinion. 
It  is  up  to  the  man  in  the  streets  to  determine 
which  shall  prevail.  A  continuation  of  the 
present  system  of  coal  economics  may  be 
justified  on  the  basis  of  indift'erence  to 
progress,  but  not  on  the  basis  of  ignorance;  its 
tmnecessarj-  prolongation  should  afford  a 
prospect  intolerable  to  the  thinking  man. 
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Some  Problems  in  Shipping 

By  Chas.  M.  Ripley 
Publication  Bureau,  General  Electric  Company 

The  packing  and  loading  of  large  apparatus  for  domestic  shipment  often  presents  difficulties  owing  to 
weight  or  clearances,  and  in  many  cases  special  cars  are  necessary.  On  the  other  hand,  the  smaller  pieces  of 
apparatus,  usually  need  to  be  only  carefully  boxed  to  insure  their  safe  delivery  to  any  point  in  the  country. 
With  foreign  shipments  the  problem  is  entirely  different.  The  shipping  department  must  inform  itself  of  the 
methods  of  transportation  that  will  be  encountered  on  the  journey,  and  of  the  climatic  conditions  of  the 
country  to  which  the  apparatus  is  shipped.  This  article  points  out  some  of  the  precautions  that  are  necessary 
to  insure  the  delivery  of  electrical  apparatus  in  good  condition  to  South  American  ports,  to  India,  and  to  the 
frigid  zone;  and  some  of  the  difficulties  that  have  to  be  overcome  in  domestic  shipments  of  large  apparatus 
are  also  mentioned. — Editor. 


Would  it  occur  to  you  that  electrical 
machinery  for  the  west  coast  of  South 
America  would  have  to  be  packed  differently 
from  that  for  the  east  coast?  Nevertheless, 
experience  has  shown  that  entirely  different 
arrangements  must  be  made  because  of  the 
undeveloped  facilities  of  many  of  our  southern 
neighbors. 

Machines  for  the  west  coast  must  be 
"dismembered"  into  numerous  small  pack- 
ages of  comparatively  light  weight,  because 
there  are  no  wharves,  piers,  or  docks  worthy 
of  mention  on  the  entire  west  coast.  And 
besides,  a  burro  cannot  carry  up  into  the 
Andes  Mountains  a  package  weighing  over 
170  lbs.,  while  a  mule's  limit  is  350  lbs;  so 
that  electrical  apparatus  must  be  "knocked 
down"  before  being  sent  on  such  a  long  and 
arduous  journey. 

Into  the  Heart  of  the  Andes  Mountains 

Just  think  of  the  preparation  necessary  to 
insure  safe  delivery  of  electrical  machinery  to 
many  parts  of  South  America !  Transportation 
is  by  railroad  to  New  York,  by  boat  to  South 
America,  and  from  the  boat  into  canoes. 
These  canoes  are  paddled  as  close  as  possible 
to  shore,  and  the  boxes  or  packages  of  care- 
fully made  electrical  machinery  are  tossed 
into  the  surf.  They  are  then  dragged 
ashore  and  trucked  to  a  railroad  station, 
and  begin  a  rail  journey  of  from  two  to  four 
days,  probably  on  an  open  or  flat  car,  to  the 
end  of  the  line  near  the  foot  of  the  mountain ; 
then  for  four  days  or  more  in  an  open  boat, 
rain  or  shine,  with  Aztec  Indians  or  peons  as 
pilots.  And  then  after  the  river  ceases  to 
be  navigable,  the  Yankee  motors  and  genera- 
tors are  loaded  on  the  backs  of  mules  for  their 
journey  up  the  narrow  winding  rocky  paths 
of  the  Andes  Mountains.  Do  j^ou  think  that 
the  Aztec  Indian  is  careful  to  lower  the 
package  of  precious  machinery  gently  from 
the  mule's  back  to  the  ground?  Our  Indian 
friend  is  probably  as  tired  as  the  mule  and 
merely  loosens  the  strap,  allowing  the  box 
to  fall  to  the  ground,  whether  it  be  rocky  or 
marshy,  whether  the  sun  be  shining  or  the 
rain  falling. 


To  appreciate  these  difficulties  remember 
that  salt  water  as  well  as  fresh  water  has 
been  encountered,  that  the  machinery  has 
risen  from  sea  level  in  a  tropic  land  to  the 
snow-capped  mountains  of  the  Andes,  and 
that  after  arriving  at  the  location  of  the 
power  house  it  is  likely  to  be  left  lying  on  the 
mountain  side  for  months  before  the  engi- 
neers are  ready  for  it. 

But  the  experts  of  American  industry  have 
learned  how  to  pack  the  machinery  to  defy 
breakage,  rain,  and  moisture;  and  they  can 
guarantee  in  advance  that  the  machinery 
will  operate  without  a  hitch. 

And  other  problems  must  be  solved,  even 
on  the  better  developed  parts  of  the  west 
coast  of  South  America.  In  some  places  the 
machinery  is  lowered  into  lighters  to  be 
taken  ashore.  In  spite  of  its  name,  the 
Pacific  Ocean  has  many  a  rough  sea,  and  you 
may  picture  a  load  of  several  tons  of  genera- 
tors or  motors  being  lowered  from  the  -vessel 
to  the  lighter,  the  lighter  coming  up  on  the 


Typical  Packing  Case  for  Export  Shipment.      Note  banding  i 
breathing  holes  protected  with  wire  netting  to  exclude  mic 
"Haut  Top  Arriba"  and  arrows  to  indicate  top  of  box, 
and  notched  lower  comers  to  accommodate  slings 


crest  of  a  wave  with  practically  irresistible 
force.  The  size  and  weight  of  packages  must 
be  so  limited  that  the  men  handling  the 
derricks  are  able  to  safely  land  the  machinerj' 
in  the  lighter,  and  not  permit  it  to  go  crashing 
through  the  bottom  into  the  sea. 


soMi-:  I'koiUJ'MS  i.\  siiiiM'ixc, 
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Hindu  Trnnsportntion 

III  India  iTuili'  Iniiks  drawii  \>y  oxon  carry 
loads  as  lK'a\\-  as  llircc  U>  (ivu  tons,  and  I  lie 
olcpliaiU  can  haul  Icn  Ions.  In  a  rcci-nl 
inslallalion  of  \'ankc'i'  machinfry  in  India, 
one  year  was  reciuired  to  carry  the  apparatus 
2")0  miles  into  the  interior  by  elephants.  A 
curious  sijjht  was  witnessed  wjien  the  Hindus 
organized  committees  of  welcome,  with  bands 
of  native  musical  instruments,  to  meet  the 
Yankee  engineers;  for  the  story  had  been 
spread  that  the  Americans  were  to  introduce 
that  weird  God  of  lightninj;;  which  would 
lighten  labor  and   pierce  the  nij,'ht  of  their 


completely  eaten  up  by  these  lennilcs  and 
in  IS  hours  nothinj;  was  left  but  the  wires 
and  the  ^lass  insulators. 

lCn>,'ineers  have  found  that  coal  l.'ir  is 
npulsive  to  the  termite,  so  that  all  bcjxes  for 
India  are  heavily  coated  with  coal  tar  in 
nnich  the  same  fashion  as  it  is  sjjread  on  the 
roof  of  a  building. 

(.)n  this  2.")()-mile  journey  to  the  Himalaya 
Mountains  in  India,  it  was  found  that  many 
of  the  bridges  had  to  be  rebuilt  in  'jrder  to 
carry  the  heavy  loads,  the  equal  of  which  had 
never  before  passed  so  deep  into  the  heart 
of  the  counlr\'. 


The  Detroit  45,000-kv-a.  Steam  Turbine  Generator  Required  Fifteen  Freight  Cars  for  its  Shipment.      This  shows  the  lower  half 
of  the  exhaust  on  one  freight  car.     Note  bracing  for  distributing  load 


wilderness   country  in  the  Himalaya  Moun- 
tains. 

The  Termite 

In  India,  just  as  in  South  America,  the 
jarring  of  loading  and  unloading  must  be 
guarded  against;  but  besides  this  there  is  in 
India  a  different  enemy  of  electrical  machinery 
who  is  most  formidable,  although  he  is  only 
three  quarters  of  an  inch  long  from  stem  to 
Stem.     This  enemy  is  the  dreaded  termite. 

If  a  box  of  machinery  were  left  overnight 
unprotected  on  a  truck,  the  next  morning 
there  would  probably  be  nothing  remaining  of 
the  entire  shipment  but  the  bare  metal. 
The  termite  is  an  insect  which  feeds  chiefly 
on  wood  and  does  not  leave  even  as  much  as 
sawdust  after  he  has  completed  his  meal. 
On  one  occasion  a  row  of  telegraph  poles  was 


Cold  Climate 

Now  let  us  turn  from  the  elephant  of 
India  to  the  dog  sleds  of  Alaska — at  almost 
opposite  ends  of  the  earth.  Electricity^  is 
needed  in  the  frigid  zones  as  well  as  in  the 
torrid  zones,  and  the  dog  of  the  Eskimo 
is  the  accepted  means  of  transportation  in 
these  northern  latitudes.  One  thousand 
pounds  is  the  limit  in  weight  of  each  package 
in  order  that  it  may  be  effectively  handled 
by  a  standard  dog  train.  So  well  does  the 
shipping  expert  comprehend  the  peculiar 
local  conditions  that  special  horns  are 
provided  on  each  package  to  assist  the 
Eskimos  in  lashing  the  packages  to  the  sleds. 
Thus  the  men  of  the  shipping  department 
must  understand  the  customs  and  environ- 
ment of  the  Hindus  in  the  Himalaya  Moun- 
tains, the  Indians  in  the  Andes  ^fountains, 
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and  the  Eskimos  in  the  Yukon  District  of 
Alaska. 

Large  Apparatus 

That  the  development  of  the  art  of  shipping 
has  kept  abreast  of  the  development  of 
the  electrical  industry  itself  is  very  well 
shown  bj?  the  following  instances. 

When  the  first  great  turbine  was  built  in 
Schenectady,  in  1902,  to  be  shipped  to 
Chicago,  it  caused  great  perturbation  in  the 
shipping  department.  Two  railroad  cars 
were  broken  in  attempting  to  load  one  of 
the  cases;  the  railroad  company  deliberated 


depth  reaching  down  to  within  a  few  inches 
of  the  rail,  and  othera'ise  adapted  for  the 
peculiar  variation  in  size,  shape,  and  weight 
of  modem  electrical  machiner\\ 

The  art  of  fastening  these  large  pieces  of 
machinery  to  a  freight  car  has  been  developed 
to  a  high  degree  of  perfection.  In  a  recent 
wreck  on  a  western  railroad  the  car  containing 
General  Electric  apparatus  was  upset;  but 
when  the  wreck  was  cleared,  it  was  found 
that  the  platform  of  the  car  and  the  apparatus 
were  still  integral,  the  platform  having  left 
the  trucks  but  remaining  fixed  immovable  to 
the  apparatus. 


Special   Freight   Car   for   General   Electric  Cjmpany.      Note  the  small  clearance   between   the   bottom  and  the   rail.      This 
necessary  in  order  that  large  machines  can  be  shipped  as  nearly  completely  assembled  as  possible,  and  yet  pass 
under  ail  low  bridges  and  through  all  tunnels 


for  a  week  before  it  could  decide  whether  it 
could  transport  the  turbine  to  Chicago,  and 
a  special  train  requiring  an  extra  expense  of 
$1000  in  addition  to  the  regular  freight 
charges  was  necessar}-  to  get  this  piece  of 
apparatus  to  its  destination. 

Now  we  are  shipping  turbines  of  50,000- 
kw.  capacitj^ — over  60,000  h.p. — instead  of 
merely  5000  kw.  as  a  maximum.  The 
shipping  experts  say  that  today  when  a 
turbine  of  only  5000  kw.  is  to  be  shipped, 
it  is  no  more  of  a  job  than  putting  it  under 
the  arm  and  carrjdng  it  away,  figviratively 
speaking.  A  5000-kw.  turbine  is  nowadays 
only  a  market  basket  load.  The  real  interest- 
ing problems  in  shipping  arrive  in  connection 
with  the  giants  of  50,000  kw. 

Special  Cars 

The  Company  has  arranged  for  special 
cars    of    unusual    strength,    with    increased 


Some  Interesting  Figures 

Think  of  making  boxes  by  electricity,  and 
of  driving  nails  by  electricity — that  is  the 
way  they  do  things  in  the  Shipping  Depart- 
ment. Every  day  they  use  one  and  one  half 
tons  of  nails  at  the  Schenectady  Works. 

To  the  layman  the  fact  that  ISJ^o  million 
feet  of  lumber  is  used  every  year  does  not 
seem  verj^  surprising — few  of  us  remember 
that  a  foot  of  lumber  is  one  foot  square  and 
one  inch  thick;  but  this  amount  of  wood  in 
boards  one  inch  thick  would  cover  a  ranch 
of  300  acres.  Then  there  is  the  banding  iron 
which  strengthens  the  boxes :  the  Shipping  De- 
partment in  Schenectady  alone  using  690  miles 
every  year.  Twenty  million  sq.  ft.  of  wrapping 
paper,  waterproof  paper,  and  rubber-covered 
lining  was  also  required  for  a  year's  work. 

This  Department  at  the  Schenectady  Works 
occupies  350,000  feet  of  floor  space  distributed 
over  15  buildings,  and  emploj's  693  persons. 
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Other  Problems 

Ill-re  art"  soiiu'  iiiU'ii'stiii)^'  (.'Xiimplos  ol 
iiveivoiiiiiij,'  sccmiii),'  im])()ssil)ililii.'s.  Wlicii 
tlu'  lar^^i-  jjononilors  for  Ihv  Metropolitan 
Strei'l  Railway  wen-  to  la'  slii|)piHl  to  New 
\'()rk  Cit\-,  it  was  found  tjiat  tlie  loaded  ear 
would  he  one  and  one  half  inehes  loo  hi^h  to 
elear  the  hridj;es.  It  was  therefore  necessary 
to  give  the  springs  of  the  railroad  cars  a 
sjieeial  comjiression  at  the  factory  in  order  to 
perniit  the  cars  to  get  through.  This  heroic 
method  overcame  the  contention  that  "It 
can't  bo  done." 

And  there  are  many  wonderful  stories  to 
ho  told  of  single  turbines  that  require  15 
separate  cars  for  shipping;  of  s])ecial  cars 
carrying  from  50  to  70  tons  each;  and  of 
how  the  ajiparatus  has  been  so  nicely  poised 
and  balanced  on  the  car  that  clearance 
between  the  sides  of  the  tunnels  or  bottom 
of  the  bridges  has  been  figured  out  to  one 
half  inch.  In  such  nice  calculations  as  these 
it  has  been  necessary  to  abandon  the  use  of 
wood  for  boxing,  substituting  sheet  metal 
to  obtain  a  covering  thin  enough  to  avoid 
crashing  into  bridges  or  scraping  the  sides 
of  tunnels  in  the  Rocky  Mountains,  as  either 
occurrence  would  probably  wreck  the  entire 
train. 

When  some  of  the  big  water  turbines 
were  to  be  sent  to  a  power  plant  in  the  Rocky 
Mountains,  there  was  a  man  in  Schenectady 
who  knew  of  a  weak  bridge  in  Minnesota, 
a  low  bridge  in  Montana,  and  a  narrow 
tunnel  in  Idaho,  and  he  knew  just  what 
the  limitations  were,  and  which  railroad 
would  be  best  for  the  shipment.  Some 
apparatus  for  New  England  is  shipped  by 
way  of  Scranton,  and  taken  by  water  to  its 
final  destination,  because  the  railroad  facili- 
ties of  New  England  are  inadequate  for  such 
shipments. 

But  the  problems  of  the  American  railways 
are  not  the  only  ones  which  must  be  solved. 
The  French  bridges  and  tunnels  have  smaller 
capacities  than  ours.  Therefore,  when  large 
shipments  of  electrical  machinery  go  to 
France  or  South  America  (for  the  conditions 
are  the  same)  the  usual  method  of  packing, 
skidding,  etc.,  must  be  altered. 

An  interesting  example  is  the  case  of  the 
steam  turbine  generators  that  were  sent  to 
the  Tuileries  in  France.  They  were  packed 
one  way  for  shipment  from  Schenectady  to 
New  York;  a  different  way  for  the  boat  trip 
from  New  York  to  Bordeaux;  and  a  third 
way  for  the  rail  trip  from  Bordeaux  to  the 
Tuileries.     If  they  had  been  shipped  by  boat. 


in  the  same  paekaKc  that  they  left  Schenec- 
tady, the  cubical  contents  and  hence  the  ship- 
ping charge  would  easily  have  been  Irebleil. 

The  loading  of  these  cars  is  not  only  limileil 
but  it  must  be  made  j)ermanent.  The  creei)- 
ing  of  the  load  on  a  car  must  be  prevented. 


Boxing  for  Export  Shipment  of  a  Marine  Generating  Set. 

Note  how  wire  netting  is  attached  for  preventing 

mice  entering  through  the  breathing  holes 

The  bumping  and  rolling  of  a  railroad  train 
has  been  found  to  loosen  the  struts  and 
braces  unless  the  work  is  well  done,  and 
occasions  have  been  known  where  the  trains 
have  been  wrecked,  bridges  damaged,  and 
tunnels  jammed  with  a  tangle  of  machinery, 
locomotives,  and  freight  because  a  packer 
did  not  know  his  business. 

One  of  the  means  of  preventing  shifting 
of  the  load  on  a  railroad  car  is  to  load  the  car 
uniformly,  not  only  longitudinally  but 
laterally.  The  struts  and  braces  are  placed 
with  great  skill  so  as  to  prevent  a  concentra- 
tion of  the  load  at  the  end,  the  center,  or  on 
either  side  of  the  car. 

Experience  has  shown,  particularly  in 
export  shipment,  that  cautions  reading 
RIGHT  SIDE  UP,  HANDLE  WITH  CARE, 
FRAGILE,  and  even  GLASS  are  not  re- 
spected. Efforts  to  keep  machinery  in  an 
upright  position  throughout  an  entire  voyage 
are  shown  in  the  photographs.  Large  black 
arrows  are  painted  on  all  four  sides  of  the 
box  with  the  word  TOP  placed  permanently 
near  the  head  of  the  arrow  as  well  as  the 
French  word  HAUT,  and  the  Spanish  word 
ARRIBA.    But  if  vou  were  a  Hindu  unloading 
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an  elephant  it  is  quite  doubtful  if  you  would 
exert  yourself  to  let  this  package  down 
gently,  right  side  up  on  the  barren  wastes  of 
India,  or  during  a  tropical  storm  in  South 
America  or  China. 

Baffling  the  Weather  Man 

Expert  packers  have  no  difficulty  in 
protecting  machinery  from  rain  and  snow, 
wind  and  heat,  or  from  the  mist  on  the  sea. 
This  is  as  easy  as  for  an  ordinary  citizen 
to  wear  a  mackintosh  or  carry  an  umbrella. 
But  the  real  deep  study  has  been  to  overcome 
the  accumulation  of  moisture  on  the  machin- 
ery due  to  humidity,  especially  the  humidity 
of  foreign  countries. 


Various  experiments  were  tried  to  overcome 
this  trouble.  Special  kinds  of  cloth  and 
special  coatings  of  tar  were  used,  -  and  in 
some  cases  an  entire  metal  box  of  zinc  or 
lead  was  constructed  and  apparently  hermet- 
ically sealed  up.  But  these  all  failed  of 
their  purpose.  In  '  one  instance  a  motor 
was  totally  enclosed  in  a  zinc  tank  and  sol- 
dered tight.  Two  years  later  it  was  opened 
and  there  were  three  quarts  of  water  in  the 
bottom  of  the  tank.  Apparently,  due  to 
jarring  and  vibration,  some  little  crack  or 
pinhole  had  opened  up  and  the  box  had 
begun  to  "breathe."  The  dampness  would 
condense  against  the  cold  machinery,  and 
then  in  the  daytime  when  the  temperature 


Half  of  Exhaust  Covering  of  the  Detroit  45,000-kv-a.  Steal 
distributing  the  load 


Note  bracing  for  steadying  and 


The  rain  and  snow  is  excluded  by  tar- 
coated  building  paper  strengthened  by  mos- 
quito netting.  This  light  filmy  mosquito 
netting  is  quite  useful  in  adding  strength 
to  the  tar  paper  and  serves  the  purpose 
admirably. 

The  Fight  Against  Rust 

For  packages  that  go  to  foreign  countries 
an  additional  covering  of  what  is  known  as 
carriage  cloth  is  used  underneath  the  covering 
of  tar  paper.  This  carriage  cloth  is  wrapped 
around  the  machinery  itself,  and  is  held 
tight  by  strings  and  ropes  so  that  no  matter 
what  position  the  machinery  may  be  in  it  is 
well  protected. 

For  many  years  the  shipments  of  American 
machinery  were  damaged  by  rust,  although 
they  were  perfectly  protected  from  rain  and 
storm.  This  rust  evidently  was  produced 
by  the  moisture  in  the  air,  i.e.,  the  humidity. 


rose  the  box  would  breathe  out  dry  air. 
Thus  with  the  rising  and  the  setting  of  the 
sun  moisture  was  carried  into  the  box,  which 
was  thought  to  be  hemetically  sealed. 

The  shipping  men  were  baffled — they  gave 
up  the  problem  as  hopeless.  Someone 
thought  of  consulting  Dr.  Steinmetz,  the 
chief  consulting  engineer  of  the  General 
Electric  Company.  And  here  is  shown  the 
adva,ntage  of  a  complete  organization  where 
the  experts  in  different  lines  can  exchange 
information  for  the  benefit  of  the  several 
departments. 

Dr.  Steinmetz  advised  that  the  boxes  be 
made  open  instead  of  closed,  and  that 
breathing  holes  be  provided  to  keep  the 
temperature  inside  the  box  practically  the 
same  as  the  temperature  outside  the  box. 
The  Shipping  Department  conducted  many 
experiments  and  eventually  a  method  was 
developed  which  solved  the  problem.     The 
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j,'roat  j,'<-'>ii'"'!'l'>''^  l"i"  111''  London  L'n<liT- 
Krounil  Railroad  witc  dilivoivii  fri-u  (jf  rust, 
l)Ul  il  was  found  that  lln-  mice  on  slii|)l>oar(l 
had  taken  advanlaj,'e  of  llie  hrcalhin),'  holi-s 
in  iIk-  boxes,  and  had  eaten  olT  the  insulation 
from  some  of  the  eopper  wires.  So  from  that 
time  on  a  wire  sereen  or  netting  was  laeked 
on  the  inside  of  each  liole. 

The  hroathinjj  holes  are  not  made  too 
close  to  the  top,  bottom,  or  sides,  for  fear 
water  iri^jht  wash  into  them.  To  ])rovide 
aj;ainst  the  ])Ossibilities  of  these  boxes  bein^; 
laid  over  on  one  side,  thus  l)rin).;iuj,'  the 
holes  on  the  top,  a  funnel-shai)ed  shield  is 
lacked  on  the  inside  of  the  box  around  the 
hole,  and  this  shield  or  funnel  trails  the 
water  and  diverts  it  down  the  side  of  the  box, 
away  from  the  machinery. 

Shipjnnj:;  experts  in  Schenectady  who  have 
had  unequaled  opportunity  to  study  these 
questions  say  that  shipments  of  General 
Electric  apparatus  which  may  now  be  lyini; 
at  the  port  of  Vladivostock  in  Russia  are  as 
free  from  rust  and  oilier  damajje  due  to  the 
elements  as  thouijh  they  had  been  standing 
in  the  shops  of  the  General  Electric  Company. 

The  method  just  described  is  for  large 
pieces  of  apparatus.  For  the  smaller  delicate 
apparatus,  such  an  instruments,  which  are 
liable  to  damage  from  moisture  in  very 
minute  quantities,  a  pitch-covered  canvas 
is  used  inside  the  box.  and  not  a  complaint 
has  been  received  from  any  quarter  of  the 
world  in  the  three  years  that  this  method 
has  been  in  use.  This  is  applicable  especially 
for  boxes  which  are  small  enough  to  be  handled 
by  one  man.  This  pitch-covered  canvas  is 
m.ore  effective  than  any  rretal  casing  because 
of  its  clinging  qualities,  and  the  fact  that  if 
subjected  to  pressure  or  distorted  it  is  not 
in  any  way  weakened;  for  the  more  it  is 
compressed  the  tighter  the  wrapping  becomes 
— exactly  opposite  to  the  case  of  a  metal  box. 

Panama  Locomotives  Shipped  Complete 

From  the  customer's  standpoint  it  is  ideal 
to  receive  the  completely  constructed  machine. 
For  instance,  the  Panama  locomotives  were 
built  at  the  factory,  shipped  on  the  decks  of 
the  vessels,  and  when  lifted  onto  the  pier  at 
Panama  they  were  run  off  by  their  own 
power. 

The  ideals  towards  which  the  packing 
experts  strive,  in  the  order  of  their  im- 
portance, are  as  follows: 

1 .  Get  the  shipment  to  the  customer  with- 

out breakage. 

2.  Get    the    shipment    to    the    customer 


without  rust  (jr  other  damage  l)y 
mi>isture. 

Deliver  it  a.s  nearly  completely  assem- 
bled lis  possible. 

Deliver  it  as  ([uiekly  as  jjossible. 

With  as  small  an  expense  for  trans- 
portation a.s  j)ossibk'. 


Finishing  Touches  Between  Annatiire  and  Skids  to 
Prevent  Rust 

So  important  is  the  work  that  a  shipping 
committee  has  "been  appointed  to  standardize 
this  portion  of  the  General  Electric  Company's 
work  at  all  of  the  different  factories.  The 
Committee  consists  of  eight  men  from  the 
various  works,  and  they  meet  four  times  a 
year  or  oftener  to  discuss  problems  and 
settle  matters  of  detail  and  policy.  This 
committee  thus  acts  as  a  clearing  house  of 
shipping  information  and  experience. 

Each  type  of  apparatus  has  assigned  to  it 
a  definite  box,  of  definite  size  and  material, 
put  together  in  a  certain  way,  wrapped, 
tagged,  etc..  according  to  definite  speci- 
fications, written  down  and  even  illustrated. 

There  are  750  kinds  of  boxes  represented, 
and  directions  covering  many  different 
methods  of  loading  fiat  cars,  in  which  are 
specified  the  braces,  struts,  skids,  etc., 
which  should  be  used.  All  these  add  not 
only  to  the  safety  but  to  the  speed  of  ship- 
ment. 

Government  Recognition 

The  United  States  Government  recognizes 
the  value  of  expert  shippers  and  has  created 
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a  Committee  on  packing,  boxing,  and  crating, 
as  it  is  now  shipping  untold  millions  of  tons 
to  all  parts  of  the  world. 

This  Committee  consists  of  Mr.  D.  L. 
Quinn  of  the  Forest  Products  Laboratorj^ 
at  the  University  of  Wisconsin,  Mr.  P.  C. 
Morganweck  of  the  International  Harvester 
Companjr  at  Chicago,  and  Mr.  M.  C.  Fitz- 
Gerald  of  the  General  Electric  Company  at 
Schenectady.  The  Committee  has  prepared 
standard  specifications  for  packing  different 
types  of  supplies,  apparatus,  etc.,  and 
personally  instructs  those  officers  who  have 
charge  of  this  work  at  Washington  and  at 
the  various  points  of  embarkation. 

Many  officers  have  visited  Schenectady 
in  order  to  receive  instructions  in  the  stand- 
ardized method  of  packing  and  shipping. 
It  is  gratifying  to  hear  that  Major  General 
George  W.  Goethals  requires  that  these 
specifications  be  followed  to  the  letter  in 
the  actual  work  of  shipping  goods  abroad. 

As  an  example  of  the  benefit  of  the  recom- 
mendations of  this  Committee,  we  will  cite 
one    instance    in   particular — a   shipment    of 


10,000,000  cases  for  France.  The  Com- 
mittee was  asked  to  give  its  recommendations 
on  the  boxing  of  each  of  these  10,000,000 
cases.  Although  the  proposed  cases  had 
been  whittled  down  as  far  as  the  manu- 
facturer thought  it  could  be  done  with  safet^^ 
the  Committee  developed  a  new  method 
which  cheapened  the  manufacturing  cost 
of  each  box  25  cents  and  also  reduced  its 
cubic  displacement  one  half  cubic  foot. 
This  saved  $2,500,000  in  the  cost  of  the 
boxes;  but  this  is  not  the  whole  story. 
The  5,000,000  cubic  feet  of  shipping  space 
which  was  saved  is  worth  from  two  to  five 
dollars  per  cubic  foot  at  standard  freight 
rates,  or  a  further  saving  of  approximately 
$20,000,000.  And  again,  from  the  stand- 
point of  conserving  ship  space,  5,000,000 
cubic  feet  displacement  is  equivalent  to 
125,000  tons,  as  40  cu.  ft.  of  this  character 
is  rated  a,s  one  ton  in  marine  estimates. 
Thus  this  one  recommendation  of  the  boxing 
and  crating  experts  conserved  shipping  equiv- 
alent to  the  combined  cargo  space  of  31 
4000-ton  ships. 


Salvaging  Industrial  Wastes 

By  W.  RocKwooD  Conover 

Economist,  General  Electric  Company 

A  beneficial  result  of  the  war,  and  one  which  we  hope  will  be  lasting,  was  the  great  effort  on  the  part  of 
industry  to  eliminate  waste.  The  government  campaign  for  conservation  of  materials  showed  the  manufac- 
turers what  could  be  accomplished,  and  they  were  enthusiastic  to  put  these  economies  in  force.  The  salvag- 
ing of  industrial  wastes  is  a  big  factor  in  the  economy  of  materials,  and  in  this  article  Mr.  Conover  briefly 
outlines  what  saving  can  be  accomplished  by  reclaiming  scrap  materials. — Editor. 

A  new  interest  has  been  awakened  in  the 
subject  of  salvaging  wastes  which  is  obviously 
the  direct  result  of  the  world  war.  Con- 
servation has  within  the  brief  space  of  less 
than  two  years  become  a  world-wide  slogan. 
The  world  is  fast  becoming  aroused  to  the 
fact  that  saving  is  now  one  of  the  chief,  vital 
principles  of  existence;  that  the  extravagant, 
wasteful  practices  of  the  past  mean  ruin  to 
the  nation  continuing  them.  The  winning 
of  the  great  conflict  depended  not  so  much 
upon  guns  and  men,  not  so  much  upon 
equipment  in  the  field,  as  upon  the  careful 
saving  and  judicious  use  of  every  fabric 
and  fiber,  of  every  piece  of  metal,  and  of 
every  element  of  human  and  mechanical 
energy. 

In  industry  these  words  have  assumed  a 
new  and  more  vital  significance  for  us  since 
America's  entrance  into  the  world  struggle. 
Saving    and    utilizing    the    by-products    of 


production  have  gained  a  new  and  sudden 
prominence  among  other  established  prac- 
tices of  recognized  value  in  engineering  and 
manufacturing.  The  Government  demanded 
to  know  what  we  were  doing  with  the 
materials  entrusted  to  our  care.  It  mattered 
not  whether  we  manufactured  specifically  for 
the  military  needs  of  the  nation,  or  for  private 
commercial  ends — the  question  remained  the 
same:  What  were  we  doing  to  conserve? 
It  is  plainly  the  duty  of  industrial  managers 
everywhere,  of  the  leaders  of  big  business  of 
every  kind,  and  of  the  citizen  in  every  calling 
in  life,  to  study  the  conservation  of  waste 
and  the  salvaging  of  the  by-products  of 
production  and  every-day  living.  Not  a 
pound  of  metal  or  fabric;  not  an  ounce  of 
essential  oils  or  chemicals;  not  a  piece  of 
leather,  rubber,  or  wood;  not  even  a  scrap 
of  paper  should  be  allowed  to  go  to  waste 
or  escape  the  process  of  reclamation. 
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SalvjiKin^;  industrial  wastes  lias  a  more 
far-rcacliinj,'  sij^'nilicaiu-i'  than  most  ])i'()])lc 
ri'ali/.i'.  It  is  obvious  that  iiiiiK'ci'ssary  fon- 
siunption  of  liiiislu'il  fahric-s  or  faihiro  to 
rci'laiin  l)\'-i)ro(Uu-ts  lU'ccssilatcs  iiK'rraso<l 
production  of  raw  materials.  Increasi-d  pro- 
duction of  whatever  nature  moans  additional 
labor,  additional  transportation  facilities,  the 
tyinj;  up  t)f  railway  equii)ment  and  conj^eslion 
of  trallio,  and  an  increased  cost  of  li\•in^;. 

It  is  manifestly  of  j^reat  importance,  if 
we  are  to  secinv  a  practical  working;  basis  of 
economic  manufacturing,  to  establish  systems 
of  control  in  every  factory  in  the  land. 
Systems  must  be  set  u]i  which  will  not  only 
insiu'c  the  economic  consumjition  of  all 
materials  em])loycd  in  production,  l)ut  which 
will  also  prevent  every  form  of  unnecessary 
industrial  w'aste  and  acconi])lish  the  com])lete 
reclamation  of  all  classes  of  b\--products. 
Regular  stock  department  rejiorts  are  most 
essential  for  the  ]mrpose  of  showing  the 
amount  of  various  classes  of  material  delivered 
to  the  manufacturing  floors;  but  the  estab- 
lishment of  systems  of  prevention  and 
control,  which  preclude  the  possibility  of 
waste,  is  of  far  more  importance  and  of  far 
greater  effectiveness  in  securing  the  results 
we  are  seeking  to  obtain. 

With  the  exigencies  of  the  war,  most 
difficult  employment  problems  arose,  of  a 
character  which  the  manufacturer  had  never 
before  faced.  Much  of  the  new  help  which 
he  employed  had  to  be  taught  the  simplest 
rudiments  of  shop  practice.  This  condition 
materially  affects  precision  in  productive 
processes  and  is  a  fertile  source  of  increase  in 
industrial  wastes.  How^  to  meet  this  con- 
dition is  one  of  the  serious  problems  of  the 
day  and  one  in  vital  need  of  being  solved. 

In  the  larger  industries  engaged  in  the 
manufacture  of  a  diversified  mechanical  and 
electrical  product,  and  in  all  industries  the 
products  of  which  are  composed  chiefly  of 
metal  parts,  such  as  machinery  for  mills 
and  factories,  agricultural  and  traction  ma- 
chinery, automobile  products,  etc.,  metalscrap, 
such  as  steel,  iron,  copper,  brass,  and  various 
alloys,  constitutes  the  greater  portion  of  the 
valuable  by-products.  The  aggregate  of  by- 
products reclaimed  annually  in  some  of  our 
chief  industries  amounts  to  many  thousand 
tons.  In  one  of  the  largest  electrical  indus- 
tries, the  General  Electric  Company's  plant 
at  Schenectady,  it  has  amounted  in  the  past 
two  j^ears  to  more  than  40,000  tons  per  year. 

In  the  bigger  mechanical  industries,  like 
the    Schenectady    plant,    it    is    essential    to 


provide  a  building;  which  can  be  devoted 
exclusively  to  reclaiming  by-products.  The 
building  should  be  e(|uipjied  with  narrow 
I'lnd  broad  gauge  tracks  and  overhead  travel- 
ing cranes  for  llie  receiving  of  incoming 
materials  anrl  also  for  loading  for  sliijiment. 
There  should  also  be  an  equii)ment  <>i  metal 
sejiarators,  metal  shears,  j)resses,  ciittinR 
and  bundling  machines,  reduction  furnaces, 
melting  pots,  and  necessary  benches,  vices, 
saws,  or  other  tools  re(|uire(l  in  taking  a])art 
and  ])rei)aring  materials  for  shipment  to  the 
founders  and  dealers.  The  contiguous  out- 
side area  should  be  jirovidcd  with  ample 
trackage,  loading  ])latforms,  storage  sheds, 
and  with  gantry  crane  service  for  the  handling 
of  heavy  materials  and  castings  which  must 
be  stored  while  awaiting  disposition.  In 
small  plants  a  section  of  one  of  the  shops  or 
storehouses  can  usually  be  assigned  to 
by-jjroducts.  In  these  smaller  factories  the 
facilities  and  equipment  required  for  reclaim- 
ing and  handling  scraji  will  necessarily  depend 
u]ion  the  character  or  class  of  product 
manufactured,  and  may  be  limited  to  com- 
parativeh"  few^  machines  or  tools. 

Metal  By-products 

For  ])urposes  of  accounting  it  is  always 
desirable  to  establish  a  system  w^hereby  the 
individual  shojj  departments  will  receive 
credit  for  all  scrap  produced. 

In  the  large  boring  mill  and  machine 
departments,  steel  boxes  of  approximately 
two  tons  capacity  are  placed  in  convenient 
localities  near  the  machine  tools,  into  which 
the  chips  and  turnings  can  be  shoveled  with 
facility  by  the  machine  helpers  or  floor 
sweepers.  These  boxes  are  provided  with 
hinged  ends  to  facilitate  discharging,  and 
with  handles  for  lifting  with  the  shop  cranes 
and  conveying  to  the  cars.  This  obviates 
the  operation  of  wheeling  out  of  chips  to  the 
sidings  in  barrows  by  the  floor  labor  gangs, 
thereby  effecting  a  good  economy  in  cost  of 
handling.  This  class  of  scrap  is  usually 
shipped  in  car  lots  in  its  original  form,  and 
weights  are  tallied  on  the  railroad  scales  at 
the  scale  house. 

The  process  of  briquetting  steel  and  iron 
borings  and  turnings,  which  has  been  estab- 
lished in  several  of  the  larger  manufacturing 
centers  of  Europe,  in  the  cities  of  Berlin, 
Vienna,  Buda  Pesth,  Stolberg,  Chemnitz, 
Cassel,  Milan,  and  in  Switzerland  at  Winter- 
thuer,  has  in  recent  years  come  into  use  to  a 
limited  extent  to  this  country.  It  is  one  of 
the  new  developments  for  which,  in  connec- 
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tion  with  certain  prospective  metallurgical 
reactions,  there  appears  a  somewhat  attrac- 
tive field  about  to  be  opened  up,  and  one  in 
which  the  big  industries  of  the  country  will 
more  generally  take  interest  in  the  future. 
In  giving  consideration,  however,  to  the 
increased  market  value  of  steel  and  iron 
borings  and  turnings  which  have  been 
briquetted,  the  cost  of  the  installation  and 
operation  must  not  be  lost  sight  of,  which 
may  and  does  have  a  very  material  bearing 
on  the  net  gain  to  be  credited  to  the  operation. 
This  is  especially  true  where  liberal  market 
figures  are  already  being  obtained  for  these 
by-products  shipped  in  their  original  form. 
The  cost  of  installation  in  a  number  of  cases 
must  include  the  erection  of  new  buildings 
for  the  purpose,  which  will  involve  an 
important  item  of  investment  to  be  charged 
against  the  receipts.  In  general,  the  larger 
industries  throughout  the  country  are  still 
adhering  to  the  practice  of  shipping  their 
borings  and  turnings  unbriquetted  in  car 
lots. 

In  the  manufacturing  departments  having 
machine  tool  sections  devoted  to  the  machining 
of  small  parts,  and  in  the  automatic  machine 
departments,  the  chips  and  turnings  consist- 
ing of  steel,  iron,  copper,  brass,  composition, 
babbitt,  etc.,  are  collected  in  steel  barrows 
and  containers,  weighed,  tagged,  and  sent 
to  the  general  scrap  building.  The  tag 
attached  to  the  container  designates  the 
department  from  which  the  chips  come, 
class  of  material,  and  weight.  As  far  as 
practicable  the  scrap  from  these  departments 
is  kept  separate  in  the  processes  of  machin- 
ing, the  chips  from  one  kind  of  metal  being 
removed  from  the  tool  pans  as  soon  as  the 
job  is  finished  and  before  another  metal  is 
started  cutting.  Chips  removed  from  ma- 
chines operating  with  cutting  oils  are  run 
through  oil  separators  before  delivery  to  the 
scrap  building.  This  process  is  a  most 
essential  one,  the  oil  reclaimed  amounting  in 
some  cases  to  a  barrel,  and  in  others  to  more 
than  a  barrel  per  ton  of  chips,  according  to 
operating  conditions.  This  oil  should  be 
mixed  with  a  proper  proportion  of  new  oil 
to  bring  its  cutting  value  up  to  standard 
requirements. 

Mixed  chips  and  turnings  from  machines 
operated  on  short  jobs,  involving  frequent 
changes  of  metal,  and  from  those  operated 
on  parts  assembled  from  two  or  more  metals 
or  materials,  are  collected  by  the  floor 
sweepers,  and  forwarded  in  barrels  to  the 
scrap  building  for  sorting  and  loading. 


Apparatus  and  materials  designated  by 
the  mechanical  inspection  force  of  the  .shops 
to  be  scrapped  have  a  blue  tag  attached  at 
the  time  of  inspection,  and  are  sent  to  the 
by-products  building  where  they  are  taken 
apart  and  all  materials  of  value  saved. 
Benches  are  provided  for  the  men  who  do  the 
work  of  disassembling,  and  the  various 
metals  and  materials  are  sorted  into  barrels, 
boxes,  or  bins  in  preparation  for  shipment  or 
consumption  in  the  home  foundries. 

Babbitt  scrap  is  usually  an  important  item 
in  most  mechanical  industries.  Frequently 
it  is  mixed  with  iron,  brass,  or' composition, 
as  is  the  case  where  it  comes  from  machines 
employed  on  the  process  of  turning  and 
boring  bearings,  etc.  When  mixed  with  iron 
it  is  put  through  the  magnetic  metal  separa- 
tors and  is  then  ready  for  reduction  in  the 
babbitt  furnaces  with  the  clean  babbitt  chips 
collected  from  the  shops.  The  furnaces  are 
located  in  an  addition  adjoining  the  main 
scrap  building  which  is  devoted  exclusively 
to  smelting  and  casting  pigs.  The  capacity 
of  the  furnaces  is  3000  lbs.  per  run,  or  approxi- 
mately 12,000  lbs.  production  per  day.  The 
pigs  cast  from  these  chips  are  worth  the  price 
of  new  babbitt  metal  in  the  open  market. 
Babbitt  dross  contains  a  high  percentage  of 
pure  metal  when  reclaimed,  and  is  worth  ap- 
proximately 85  per  cent  of  market  pigs.  Lead 
dross  yields  about  the  same  relative  value  in 
reclamation.  During  the  year  1917  nearly 
400,000  lbs.  of  babbitt  pigs  were  cast  from 
scrap  and  used  for  horde  consumption,  and 
more  than  300,000  lbs.  of  mixed  babbitt  and 
babbitt  dross  were  saved  and  sold  to  the 
outside  market.  All  lead  dross  is  also  care- 
fully saved  and  disposed  of  in  the  same 
manner. 

The  shop  foremen  should  give  special 
attention  to  saving  all  copper,  brass,  nickel 
silver,  nickel,  aluminum,  or  other  grades  of 
metal  in  whatever  form.  This  would  include 
wire  scrap,  clippings,  stampings,  and  cuttings 
from  both  metal  sheets  and  solid  stock  left 
over  from  productive  processes.  Care  should 
be  exercised  to  prevent  workmen  from  throw- 
ing small  pieces  of  scrap  metal  into  the  shop 
waste  cans,  and  the  refuse  from  these  cans 
should  always  be  sorted,  and  all  metals 
picked  out  before  sending  the  waste  material 
to  the  factory  dump  or  destructor  plant. 

Foundry  slags  and  wastes  from  smelting 
furnaces  in  mills  and  reduction  plants  pay 
good  returns  on  the  labor  expended  in  the 
process  of  reclaiming.  The  slag  from  the 
cupolas    and    furnaces    should    be    carefully 
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sorli'd  ami  scToencd,  in  which  case  there  will 
he  little  material  of  value  left.  The  ])er- 
ceiita>;e  rcinaiiiinj,'  will  not  usually  he  sullicicnt 
to  recjuire  the  operation  of  a  cinder  mill. 
In  the  brass  foundr\'  there  is  alwa\'s  an 
accumulation  of  metal  waste  which  yields  a 
Kood  return.  This  residue  requires  more 
care  and  c(iuii)ment  in  the  ])rocess  of  redaim- 
inj;.  In  j^eneral  the  coarser  ])ortion  is  ]nit 
throufjh  a  crusher  to  render  it  in  shajie  for 
screening  or  separating;  by  elect ro-ma).;netic 
I)rocess.  With  suitable  ji};s,  screens,  tables, 
and  majjnetic  sc])arators,  all  of  the  liner  ])arti- 
clcs  of  metal  can  be  saved  and  that  ])ortion 
known  to  the  trade  as  brass  dross  can  also 
be  fully  reclaimed.  It  is  good  ])ractice  to 
gather  all  the  refuse  from  the  foundry  door' 
which  may  contain  particles  of  metal,  and  by 
means  of  one  or  more  of  the  several  reclaiming 
processes,  reduce  the  metallic  ]iortion  to  a  con- 
dition and  shape  suitable  for  use  in  charging. 
The  by-products  from  reduction  and  smelt- 
ing processes  in  laboratory  furnaces  and 
retorts,  and  by-products  from  laboratory 
production  in  general  offer  a  wide  field  for 
valuable  conservation  work.  Many  valuable 
metallic  elements  in  the  form  of  wastes  and 
residues,  such  as  aluminum,  molybdenum, 
tungsten,  barium,  etc.,  can  be  reclaimed 
and  used  again  in  production  with  a  com- 
paratively greater  profit  than  in  many  other 
classes  of  manufacture  because  of  the  initial 
cost  of  these  materials. 

Building  Construction — Improvement  and  General 
Repairs 
Waste  materials  left  over  from  building 
construction  and  repair  w-ork  comprise  a 
large  list.  Alterations  and  repairs  to  build- 
ings often  involve  the  removal  of  steel  angles 
and  beams,  sheet  metal,  piping  and  wiring, 
cables,  etc.  All  of  this  product  of  factory 
additions  and  alterations  is  of  the  highest 
value.  Much  of  it  can  be  saved  and  applied 
on  other  jobs.  The  same  is  true  of  materials 
used  on  extensions  and  repairs  to  plant 
trackage  and  on  repairs  to  machinery  and 
shop  tools,  and  improvements  and  repairs  in 
general.  It  is  good  practice  to  establish  a 
system  of  clearing  up  left-over  materials 
immediately  on  completion  of  work,  and 
making  disposition  either  b>-  returning  to 
stock  or  sending  to  scrap.  Regular  inspec- 
tions of  manufacturing  departments  and  of 
contiguous  areas  between  shops  and  build- 
ings, as  well  as  storage  sheds  and  platforms, 
should  be  made  with  a  view  of  collecting 
and  disposing  of  metals  and  fabrics  left  over 


from  productive  proccsse.f,  unii  of  obsolete 
and  waste  [iroducts  of  every  kind.  In  making 
ins])eclions  and  repairs  on  shop  tools  and 
equipment,  sj»ecial  attention  should  b<}  given 
to  conserving  tools  which  may  be  jiul  in 
conilition  with  a  reasonable  expencliture  of 
labor  and  material  for  repairs.  In  some 
sho])S  there  is  a  tendency  to  discard  broken 
tools  and  jiurehase  new  equipment,  often  at 
large  additional  cost,  rather  than  make  the 
necessary  rejiairs.  It  is  also  essential  to 
establish  a  system  of  collection  of  lathe  and 
planer  tools  which  will  insure  that  these  are 
gathered  regularly  from  the  machine  shop 
floors,  as  they  become  worn,  and  sent  to 
the  forge  shop  for  repointing  and  grinding, 
after  which  they  may  again  be  given  out  from 
the  tool  stock  room  to  the  workmen.  It  is  a 
common  practice  in  some  shops  to  leave 
partly  used  cutting  tools  lying  about  machines 
and  cupboards  until  large  accumulations 
result.  Most  of  these  tools  can  be  repointed 
several  times,  or  reshai)ed  for  other  processes 
to  good  advantage  before  they  are  com- 
pletely used  up,  and  the  remnants  melted  over 
into  new  stock.  Each  tool  should  receive 
careful  inspection  and  be  put  co  the  fullest 
service  for  which  it  was  designed  before 
being  replaced  by  a  new  tool. 

Tool  steels  in  various  shapes  and  sizes 
are  often  left  lying  about  the  machine 
sections  and  tool-making  departments  with- 
out any  good  reason  except  lack  of  attention 
to  system  on  the  part  of  the  super\'isor  in 
charge.  All  these  remnants  and  left-over 
pieces  are  of  the  utmost  value  either  in  new- 
tool  production  and  repairs,  or  for  melting 
and  converting  into  stock  sizes. 

Bolts,  nuts,  washers,  pins,  etc.,  left  over 
from  productive  jobs  shoiold  be  returned 
promptly  to  stock  by  the  workman.  Unless 
this  practice  is  followed,  these  articles  are 
apt  to  lie  around  the  benches  and  floors 
indefinitely  and  finally  reach  the  scrap 
department  with  other  materials  as  waste 
products.  It  is  the  practice  of  the  super\"isor 
in  charge  of  the  main  by-products  building 
and  of  the  collection  and  disposal  of  scrap 
in  the  Schenectady  plant  to  systematically 
save  all  materials  which  may  be  of  further 
use  in  the  manufacturing  departments  or  in 
the  work  of  maintenance  and  repairs.  Par- 
ticular attention  is  paid  to  the  sorting  and 
preparation  of  all  the  various  classes  of  metals 
in  order  to  meet  the  market  rulings  as  to  con- 
dition, size,  and  form  in  which  the  different 
grades  must  be  shipped,  and  also  to  obtain  the 
highest  quotations  which  the  market  affords. 
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Experiences  with  an  Electric  Power  Plant 
Eleven  Degrees  from  the  North  Pole 

By  Jerome  Lee  Allen 

Member  of  the  Crocker  Land  Expedition 

The  discovery  of  the  North  Pole  is  no  longer  news  but  probably  it  is  news  to  learn  that  a  complete  electric 
generating  plant  has  been  installed  and  operated  within  a  few  hundred  miles  of  that  apex  of  the  earth  which 
man,  after  years  and  numberless  failures,  attained  by  traveling  with  only  the  barest  necessities  which  would 
support  life  during  that  flying  visit.  The  following  narration  of  experiences  in  connection  with  this  arctic  electric 
plant  is  of  particular  interest  on  account  of  the  geographical  location  of  the  plant  and  of  the  prevailing  severe 
climatic  conditions. — Editor. 


The  Crocker  Land  Expedition  sailed  from 
New  York,  July  2,  19L3,  on  the  Newfoundland 
sealing  ship  Diana  and  included  in  its  outfit 
an  electrical  equipment  unusually  complete 
for  an  Arctic  destination.  In  addition  to  a 
3-kilowatt,  gasolene-electric  generating  set 
loaned  to  the  expedition  by  the  General 
Electric  Co.,,  an  SO-ampere-hour  125-volt 
storage  battery  loaned  by  the  Electric 
Storage  Battery  Co.,  and  a  radio  set  with 
two  5UU-cycle  transformers  loaned  by  the 
Atlantic  Communication  Co.,  there  were 
included  an  electric  oven,  half  a  dozen  disk 
stoves,  lamps,  wiring  fixtures,  and  a  com- 
plete control  board  for  the  generator,  radio 
dynamotor,  radio  transmitter,  and  storage 
battery. 

The  extreme  cold  of  the  northern  latitudes, 
and  the  necessity  to  transport  with  the 
expedition  all  the  engine  fuel  to  be  used 
duiing  the  sojourn,  made  it  seem  desirable 
to  utilize  every  possible  calorie  of  the  fuel 
in  some  way.  Accordingly,  it  was  planned 
to  heat  the  camp  with  the  heat  not  converted 
into  mechanical  energy  by  the  engine.  For 
the  purpose,  two  gasolene-electric  railway 
type  radiators  were  emploj'ed  in  connection 
with  a  300-gallon  cooling  tank  fitted  with  a 
special  piping  arrangement  for  abstracting 
the  heat  from  the  exhaust. 

Since  it  was  considered  likely  that  the 
apparatus  when  landed  in  the  Far  North 
would  have  to  be  transported  over  difficult 
places,  possibly  over  glaciers  and  sea  ice, 
everything  was  shipped  completely  knocked 
down.  To  be  certain  of  being  able  to  assemble 
the  many  pieces  properly  after  arriving  at  the 
destination,  where  one  couldn't  well  write 
to  the  factory  for  instructions,  the  author 
spent  several  months  in  the  Testing  Depart- 
ments of  the  Schenectady  and  Erie  Works  of 
the  General  Electric  Company. 

After  an  adventurous  trip  via  Labrador, 
where  the  ship  tried  to  go  by  a  short  cut 
overland,    and  after  loading  and   unloading 


the  cargo  four  times  en  route,  the  expedition 
reached  Etah,  North  Greenland. 

Etah  is  not  a  port.  It  is  not  much  of 
anything  except  a  rather  prominent  glacial 
drift  formation  back  in  a  fjord  which  forms  a 
relatively  good  harbor.  Foiu-  or  five  Eskimo 
igloos  serve  to  shelter  natives  who  might 
choose  this  spot  for  their  winter  home.  The 
members  of  the  expedition  selected  a  site  for 
their  house  at  the  foot  of  the  glacial  drift, 
and  began  work  on  the  foundation  immedi- 
ately after  completing  the  final  unloading  of 
the  ship,  which  had  to  be  done  on  the  rocks 
at  a  point  about  half  a  mile  from  the  camp 
site.  As  it  was  necessary  to  set  up  the  big 
tank  and  a  few  other  large  parts  of  the  plant 
before  the  walls  were  built,  we  took  time  off 
from  carpenter  work  on  the  house  to  ferry 
over  the  parts.  Here  we  began  to  appreciate 
the  great  strength  of  the  husky  little  brown 
men.  These  Eskimos  took  a  piece  of  sealskin 
line  and  made  a  carrying  sling,  "tump-line," 
and  walked  oft"  with  a  load  on  their  backs 
that  would  have  made  our  best  men  grunt. 
E-took-a-shoo,  one  of  the  men  who  accom- 
panied Dr.  Cook  on  his  trip,  solved  the 
problem  of  transporting  the  two  SOO-cj^cle 
radio  transformers,  the  heaviest  pieces  of 
which  weighed  about  350  pounds,  by  "tump- 
ing" them  up  the  beach  from  the  boat  to  the 
house. 

The  house  was  built  thirty-four  feet  square, 
with  a  big  living  room  in  the  center  and 
bedrooms,  photographic  room,  electrical 
room,  and  workshop  arotmd  it.  The  walls 
of  the  electrical  room  were  built  after  the 
300-gallon  tank  had  been  set  in  place.  As 
it  was  not  feasible  to  construct  a  cement 
foundation  for  the  generating  set,  it  was  set 
up  in  the  electiical  room  with  the  bed-plate 
bolted  to  two-by-fours  laid  cross'n'ise  on  the 
flooring.  Due  to  differences  in  natural  periods 
there  was  no  more  trouble  experienced  from 
vibration  than  there  would  have  been  from  a 
sewing  machine.    The  complete  plant  hairing 
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liiTII    ilislllllnl    willi    i;i(li,il  I  ii's    ill    till"    rocillis, 

till'  liallnirs  wcic  si't  lip  U'm|)(ir;irily  in 
the  Wdiksluip  for  u  wukiiij^-up  c■Iulr^;e.  Nn 
ilinicully  wlialsooviT  was  (.'xpcriuiicLMl  in 
selliii);  M])  till'  plant;  jinilialily  few  have  ever 
been  si't  np  more  i|uicl<l>'  and  easily.  IL  was, 
Ihorc'foro,  wilh  exiillalion  at  our  success 
that  one  of  oiir  llicmsand  cases  of  fuel  was 
liroken  cpen  ami  llie  tanks  lilled.  ('iinj,'erly 
the  enj^iiie  was  cranki'd  and  ihe  kiek-olT 
listened  for,  hut  it  did  not  occur.  Jt  was 
cranked  aj;ain  and  a^aiii  and  a^ain,  yi't  it 
would  not  start  althoufjh  the  tiiniii);  of  the 
ignition  and  val\-es  were  correct,  llie  coni- 
liression    i^'ood,    and    the   cxlinders    recei\-inj,' 


can  o]joned  was  of  kurosiiic,  placed  by  mlHlakc 
in  a  case  marked  ^;asoli'iie. 

As  tile  house  hail  been  eomplelely  wired 
Ix'fore  the  eiij;ine  was  started,  and  the  lamps 
were  in  the  sockets,  the  ;;eneralinj,'  roi^m 
became  a  blaze  of  Mazda  brilliancy  when  the 
main  line  switch  was  closed.  The  old-famed 
darkness  of  the  six  mrtnths"  winter  ni)^ht  was 
gone  from  our  Arctic  headquarters,  eleven 
tlcurccs  from  the  North  Pole. 

The  slorage  cells  had  been  placed  in  a 
locker  built  for  them  very  nearly  over  the 
big  stove  in  the  living  room.  Access  to  them 
was  from  the  attic  above.  The  locker  was 
pnnided    with    a   cf)ver;   and    an    adjustable 


3-kw.  Gasolene  Electric  Set  with  Kerosene  Gas  Producer, 
Exhaust  Side.     Crocker  Land  Expedition 


solene  Electric  Set  and  Accessories. 
Land  Expedition 


the  charge  from  the  carburetor.  Mentally 
and  physically  exhausted  by  cranking,  the 
author  was  relieved  in  turn  by  the  geologist, 
the  zoologist,  the  doctor,  the  cook,  and 
finally  by  the  Eskimos;  but  with  the  same 
results.  Ether  from  the  medical  supplies  was 
used  to  prime  the  engine  which  exploded  as 
long  as  the  charge  lasted.  The  carburetor 
wks  then  filled  with  ether  and  the  engine  ran 
for  a  few  mimites  as  though  it  never  intended 
to  stop;  but  it  stopped  when  the  ether  was 
exhausted.  Finally  the  fuel  was  drained 
from  the  tank,  another  case  opened,  and  the 
tank  refilled.  Success  crowned  these  efforts. 
In  the  intense  haste  to  get  the  engine  going 
before  the  Arctic  darkness  closed  in  for  six 
months,   no  one   had   noticed   that   the  first 


opening  from  the  living  room  side  provided 
regulation  of  warm  air.  It  was  thus  possible 
to  operate  the  cells  at  their  best  temperature 
without  allowing  the  gases  to  escape  into  the 
living  room.  Lamps  were  of  course  located 
in  all  possible  places  throughout  the  house; 
and  a  big  lamp  with  a  bright  reflector  was 
kept  burning  in  front  of  the  door,  so  that 
Eskimos,  traveling  from  their  homes  two 
or  three  hundred  miles  to  the  south,  got  their 
first  impression  of  this  wonderful  white  man 
expedition  from  their  sledges  miles  before 
they  reached  the  house.  A  light  in  the 
Weather  Bureau  instrument  shelter,  some 
distance  from  the  house,  made  the  watch- 
man's hourly  trip  less  fraught  with  the 
dangers  that  lurked  in  the  dark  outside  the 
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house.  (These  latter  were  mainly  those  of 
stepping  on  a  nest  of  curled-up  puppies  or 
of  bumping  one's  head  on  the  sledge  of  some 
newly  arrived  Eskimo  guest  who  had  cached 
his  sledge  up  on  top  of  the  instrument  shelter  as 
a  means  for  keeping  his  hungry  dogs  from  eating 
the  sealskin  lashing  which  held  it  together.) 

The  first  revelation  came  when  the  first 
charge  of  the  batteries  had  progressed  about 
three  or  four  hours.  The  300-gallon  tank 
of  water  began  to  get  so  hot  that  the  radi- 
ators, duly  radiating  the  heat,  made  the 
house  so  hot  that  every  door  and  window 
not  nailed  shuf  had  to  be  opened.  The  house 
had  been  built  well;  it  had  not  been  intended 
that  any  heat  should  escape,  and  very  little 
did.  Soon  it  became  necessary  to  draw  off 
some  of  the  hot  water  and  add  chunks  of  ice 
from  the  sea.  This  first  charge  lasted  for 
two  or  three  days,  and  during  this  time  it 
was  realized  that  there  was  more  heat 
generated  than  was  desirable. 

The  Eskimos  naturally  enjoyed  the  wonders 
of  electricity  but  they  are  prone  to  be  stoic 
when  it  comes  to  expressing  surprise.  They 
can  very  satisfactorily  explain  anything  by 
their  word  "ig-mi-ny"  which  means  "it 
comes  of  itself."  The  ignition  system  seemed 
to  puzzle  them  the  most,  and  probably  every 
Eskimo  of  that  tribe,  the  northern-most 
people  of  the  world,  had  a  shock  from  the 
magneto. 

The  attempt  at  radio  communication  was 
disappointing.  Nothing  could  be  done  with- 
out a  suitable  antenna,  and  it  was  im- 
possible to  get  the  ship  over  to  Flagler 
Fjord,  on  the  Ellesmere  Land  side,  where 
there  is  a  suitable  cliff  for  supporting  the 
antenna.  Wires  were,  however,  put  up  on  the 
hills  around  the  house,  and  led  from  a  cliff 
to  a  40-foot  mast  at  the  house.  About  the 
most  interesting  fact  learned  was  that  there 
is  no  static  whatever  and  no  noticeable  effect 
from  the  aurora  up  there. 

Since  it  seemed  likely  that  messages  would 
be  sent  broadcast  to  the  expedition,  in  the 
hope  of  our  picking  them  up,  attempts  were 
made  to  fiy  kites  to  support  the  antenna. 
The  kites  were  of  the  S-foot  type  used  by 
the  Weather  Bureau.  It  was  soon  learned 
that  the  winds  at  the  camp  were  too  gusty  for 
kite  fl^'ing.  The  house  was  so  situated  that 
sometimes  the  wind  would  blow  straight 
down  upon  it  from  the  hills  and  valley  above. 
In  a  last  endeavor,  the  plant  was  dismantled 
and  moved  in  our  whale  boat  to  a  small 
island  about  three  miles  from  shore.  It  was 
hoped  that  out  there  we  should  have  more 


favorable  winds  and  be  able  to  keep  up  a  kite 
long  enough  to  establish  communication. . 

The  300-gallon  cooling  tank  had  to  be 
cut  in  half  with  a  chisel  to  get  it  out  of 
the  house.  Only  the  lower  half  was  trans- 
ported; the  next  summer  the  upper  half 
was  used  for  an  outdoor  bath  tub.  Enough 
pieces  of  boxes,  left-over  boards,  and  empty 
tins  were  picked  up  to  build  a  house  on  the 
island,  about  eight  by  twelve  feet  with  a 
slanting  roof  five  by  seven  and  one-half  feet. 
This  was  walled  in  with  boxes  of  provisions, 
rocks  and  snow,  and  in  this  little  place  was 
installed  the  generating  plant, '  the  radio 
transmitter,  the  storage  battery,  the  electric 
oven,  the  switchboard,  a  heating  stove,  two 
bunks,  and  a  table.  Profiting  by  the  experience 
in  overheating  the  main  house,  the  entire 
cooling  tank  was  placed  outside  this  time 
and  the  piping  arranged  so  that  the  cooling 
water  intake  pipe  came  up  through  the 
bottom  of  the  tank  to  within  an  inch  of  the 
top.  The  preliminary  of  starting  was  to  fill 
the  tank  with' water  which,  of  course,  in  a  few 
minutes  became  solid  ice.  Under  the  ice 
pressure  the  tank  would  warp  and  twist,  but 
since  it  was  open  at  the  top  there  was  not 
enough  pressure  to  burst  it.  A  plug  screwed 
into  the  top  of  the  intake  pipe  prevented 
water  from  getting  inside  it.  The  ice  bulged 
up  and  rose  to  the  level  of,  or  possibly  higher 
than,  the  top  of  the  protected  intake  pipe. 
When  it  came  time  to  start  up,  the  cap  on 
top  of  the  intake  pipe  was  unscrewed.  A 
gallon  of  hot  water  from  the  stove,  poured  in 
on  top  of  the  ice  after  the  engine  was  started 
filled  the  pipe  and  started  the  program.  The 
outlet  warm  water  coining  out  on  top  of  the 
ice  began  to  melt  the  whole  mass  and  a 
steady  temperature  was  maintained.  At  the 
end  of  the  run,  the  water  was  drained  at  the 
lowest  point  in  the  intake  pipe.  This  took 
all  the  water  out  of  the  piping,  but  only 
about  a  gallon  out  of  the  tank.  The  cap  was 
then  screwed  on  the  top  of  the  intake  pipe 
and  the  tank  was  left  to  freeze  again.  This 
cooling  system  was  a  real  success. 

However,  the  purpose  for  which  the  power 
plant  had  been  laboriously  moved  and  a 
second  time  set  up  proved  to  be  of  no  avail, 
for  the  kites  used  to  support  the  antenna  were 
smashed  one  after  another.  The  last  kite  met 
the  very  inglorious  end  of  being  smashed  by 
two  innocent  puppies  which  wandered  out  to 
the  island  and  made  a  bed  of  it. 

The  house  on  the  island  was  lighted,  inside 
and  outside,  by  60-watt  Mazda  lamps.  A 
string  of  six  lamps  across  the  kite-fl^ang  stand 
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lij^hU'il  up  iIh'  wliulc  cikI  111'  ilif  isliiml.  This 
hlazi'  of  liKlit  inusl  li,i\t'  Indki'd  very  .sl^m^;c■ 
and  woiuk-rl'ii!  lo  iIr-  iia\i'liiij,'  iCskiino  lo 
whom  wars  <>(  iia\i'liiij,'  in  Uk-  dark  winti-r 
nijjhls,  up  IIrmx-  wiR-ri'  Cassiojica  ami  tlic 
HiK  DiiJiior  circk-  around  dirt'otly  overlicad, 
witii  the  Norlh  Star  as  a  center,  and  never 
set,  luu'e  gi\en  a  sort  of  extra  sense  of 
nocturnal  na\'ij;ation. 

Ha\'in},'  only  a  healer  stove  at.  the  island,  the 
cloelrie  oven  was  used  for  bakiiij^.  .Saturday 
was  cliarj^inj^  and  baking;  day. 


The  ^;eneratiny;  sei  ran  I  hr'<uj.;lioul  the 
whole  two  years  ehar^jinv;  the  cells  re^;ularly 
al  fifteen  per  cent  overload.  The  only  re- 
newal necessary  was  a  eonnectin>;-r'j(] 
hearing. 

In  the  sjirinji  of  101."),  the  stora^;e  cells  were 
j;iven  a  deconiniissioniii);  charj^'e,  the  electro- 
lyte taken  out,  and  jiacked  f(jr  shipment 
home.  The  |)lanl  was  dismantled  and  packed, 
the  lank  ^jiven  to  an  iCskimo  to  cache  his 
seals  in,  and  then  followed  the  waiting  period 
for  the  shij)  to  return. 


The  Cam-operated  Railway  Controller 

Ry  R.  S.  Bi-KRS 

Railway  Equipment  Engineering  Department,  General  Electric  Company 

An  larly  description  of  the  cam-operated  or  PC  railway  controller  appeared  in  the  October,  191.5,  General 
Electric  Review.  That  was  about  the  time  the  actual  development  work  had  been  completed.  Since 
then  this  type  of  controller  has  been  put  in  service  under  all  the  various  conditions  of  electric  car  op2ration. 
This  article  presents  the  confirming  evidence  that  the  cam-operated  controller  has  fulfilled  in  a  most  pleasing 
and  satisfactory  manner  the  expectations  of  the  engineers  responsible  for  its  design,  and  describes  the  salient 
features  of  its  operation. —  Editor. 


Following  the  development  of  the  cam- 
operated  controller  several  years  ago  and 
after  the  first  sample  controllers  had  been 
given  all  the  tests  feasible  under  factory 
conditions,  several  equipments  were  installed 
for  service  trial  on  cars  of  the  New  York 
subway.  While  in  operation  under  the  most 
severe  and  exacting  railway  service  in  the 
United  States,  they  were  intelligently  criti- 
cised by  a  very  capable  corps  of  operating 
men.  As  is  to  be  expected  with  any  entirely 
new  development,  minor  modifications  were 
necessary.  These  consisted  chiefly  in  re- 
arranging parts  of  the  controller  to  secure 
greater  accessibility.  At  the  same  time, 
positi\^e  proof  was  obtained  that  the  fun- 
damental principle  of  operation  was  entirely 
satisfactory. 

The  controllers  were  so  successful  that  the 
number  was  soon  increased  to  124,  and 
subsequently  the  number  has  been  further 
increased,  until  now  the  Interurban  Rapid 
Transit  Company  has  490  in  operation. 

In  Boston,  40  of  these  equipments  are 
operating  in  the  same  trains  with  type  "AI" 
control  on  the  elevated,  while  on  the  city 
streets  there  are  some  100  equipments  at 
present  and  it  is  expected  that  there  will  be  as 
many  more  in  a  short  time.  Philadelphia  is 
using  100  of  these  controllers  on  the  cars 
carrying  workmen  to  and  from  the  Hog 
Island  Shipyard.     This  number  will  soon  be 


increased  to  130.  For  strictly  interurban 
work  cam  controllers  are  now  operating  cars 
in  the  states  of  Maine,  Massachusetts,  New 
York,  Pennsylvania,  Maryland,  Ohio, 
Michigan,  and  Oklahoma,  while  completed 
controllers  for  England,  Cuba,  Spain,  Mexico, 
Australia,  and  Japan  insure  that  this  type  of 
control  will  soon  be  operating  in  these 
countries. 

Car  equipments  may  be  roughly  divided 
into  two  classes,  one  for  city  and  light  inter- 
urban service  and  the  other  for  elevated, 
subway,  and  heavy  interurban  work.  To 
meet  these  requirements  of  service  in  the 
best  manner,  the  cam  type  of  control  has 
been  designed  in  two  general  sizes.  The 
small  size  for  city  and  light  interurdan 
service  is  small  enough  to  install  on  the 
modern  city  car  with  low  steps  and  24-in. 
wheels.  The  large  size  controller  is  for 
elevated,  subway,  or  heav\-  interurban  service. 
These  two  sizes  are  necessary  owing  to  the 
difference  in  current  capacities  reqtiired. 
Each  size  possesses  the  same  features  of 
sturdiness,  accessibility,  and  safety. 

\'arious  forms  of  each  size  of  controller 
cover  the  car  equipment  field,  which  includes 
cars  with  two  full-field  motors,  cars  with 
two  tap-field  motors,  and  the  same  com- 
binations using  four  motors.  These  various 
forms  difTer  only  in  the.  reversers,  motor 
cutouts,  and  wiring.     In  fact,  the  four-motor 
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full-field  controller  is  used  with  four  tap-field 
motors  by  adding  a  separate  switch  for 
tapping  the  fields. 

The  cam  controller  is  more  analagous  to 
the  simple  drum  controller  than  anj^  previous 
multiple  unit  control,  as  the  cams  absolutely 
insure  a  definite  sequence  and  fixed  relation- 
ship of  closing  and  opening  the  contactors, 
which  is  unobtainable  with  individually 
operated  contactors.  At  the  same  time,  the 
combining  of  all  the  motor  circuit  control 
elements,  such  as  the  line  breaker,  overload 
relaj',  accelerating  relay,  contactors,  reverser, 
and  motor  cutouts  in  a  single  box  reduces 
the  materials  required  and  time  of  installing. 
In  addition  to  this  feature  there  is  a  decrease 
in  weight  of  the  controller  itself  as  well  as 
the  elimination  of  a  number  of  iron  hangers 
which  are  needed  when  suspending  an 
equipment  consisting  of  several  separate 
pieces  of  apparatus. 

While  the  use  of  cams  for  closing  the 
contactors   was   comparatively   new,    it   had 


n-operated  C 


proven  so  successful  on  the  series-parallel 
switches  of  the  Butte,  Anaconda  and  Pacific 
2400-volt  electric  locomotives  that  no  doubt 
was  felt  for  its  successful  operation  on  the 
cam  controller.  This  has  now  been  proved 
by  actual  operation,  as  controller  cams  that 


have   been  in  service  for  three   years  show 
hardly  a  sign  of  wear. 

The  use  of  cams  and  cam  shaft,  giving  a 
definite  sequence  of  closing  and  opening  the 
contactors,  is  of  particular  advantage  in 
that   it    substitutes   mechanical   interlocking 


Small  600-volt  Cam-operated  Controller 

for  the  electrical  interlocking  required  with 
individually  operated  contactors  of  previous 
control  systems.  This  feature  makes  a 
very  strong  appeal  to  the  operating  man 
who  has  experienced  trouble  in  the  past 
with  the  small  contacts  of  electric  interlock 
switches. 

This  substitution  of  mechanical  for 
electrical  interlocking  has  made  feasible  a 
control  system  for  automatic  current-limit 
acceleration  that  is  less  complicated  than 
previous  automatic  controls  of  either 
magnetically  or  pneumatically  operated  con- 
tactors. 

Automatic  acceleration  has  been  desired 
in  the  past  but  the  additional  complication, 
necessary  with  individually  operated  con- 
tactors, has  more  than  offset  the  advantages 
for  all  but  a  few  classes  of  service.  The 
simple  arrangement  of  control  circuits  with 
the  cam-type  control  has  made  it  possible 
to  use  automatic  control  for  all  classes  of 
car  equipment.  This  has  proved  of  advan- 
tage in  sa^'ing  power  and  reducing  shocks  to 
the  equipment,  and,  as  a  smooth  acceleraion 
is  obtained  without  any  attention  from  the 
motorman,  greater  comfort  results  for  the 
passengers.  At  the  same  time  the  motor- 
man  can  give  his  undivided  attention  to 
signals  or  to  traffic  in  front  of  the  car. 
This  is  of  great  importance  today  with  the 
congested  condition  of  traffic  in  city  streets. 

While  an  acceleration  depending  upon  a 
fixed  current  value  is  suitable  for  all  normal 
conditions  of  electric  car  operation,  emergen- 
cies arise,  such  as  starting  a  car  on  a  steep 
grade  or  on  a  curve,  where  some  means  of 
increasing    the    torque    on    the    motors    is 


'nil':  CAM-dl'l-RATi:!)   RAILWAY  ( •OX'I'KOI.I.ICk 


!»7 


I'ssc'tilial.  I'ldvision  is  inailr  in  tlir  cam 
sysU'in  coiilrdl  for  sucli  I'liuTunicifS  hy 
iiu-huliii);  on  llic  mastcf  coiitrollrr  a  si'parati' 
liaiidk',  i-ailod  ai\  advani'i'  Iiait.  Tlir  lontrol 
is  so  arranj^cd  thai  ]nisliinn  this  li-vcr  forward 
udviuuTS  tlie  motor  controller  one  slcj), 
indei)endently  of  the  c-iirronl  (lowing;  Ihroujjli 
the  ai'iX'lrralinK  rt'l;i\',  Uy  rolcasinj,'  tlic 
uiKani'i'  \c\\'v  and  a^ain  pusliinfj  it  forward, 


fai'tory  o|)i-ralion  of  the  <<iil\.  In  s|)i.'(ial 
cases  wlicrc  some  other  feature  of  the  e(|uip- 
ment  lias  determined  the  control  volta^'e,  as 
automatic  I'lectric  coujilers,  controllers  for 
lialtery  jjotential  have  heen  manufactured. 

The  ability  to  t)percile  the  control  with 
very  little  electric  energy  and  from  almost  any 
vollaj^'e  is  jtarticularly  fortunate  with  I'AH)- 
volt    e(|uipments,    where    some    low-volta;;e 


ISOOvolt  Controller 


the  motor  controller  will  advance  another 
step.  If  desired  the  motor  controller  may  be 
advanced  through  its  entire  jirogression  in 
this  manner,  independently  of  the  current 
in  the  accelerating  relay. 


source  of  power  is  essential  for  the  auxiliary 
circuits.  As  the  control  does  not  determine 
the  voltage,  a  value  can  be  selected  for 
these  auxiliary  circuits  that  will  allow  the 
car  lights  to  be  connected  in  parallel  instead 
of  the  usual  practice  of  several  circuits,  each 


Small  Contactor 


Large  Contac 


As  the  cam  controller  requires  only  a 
ver}'  small  amount  of  electric  energy'  for 
operating  its  magnet  valves,  either  battery 
or  trolley  current  may  be  used  as  a  source 
of  supply.  On  600-volt  equipments,  trolley 
potential  is  used  with  resistor  tubes  connected 
in  series  with  the  operating  coils  to  reduce  the 
current  to  a  value  low  enough  for  the  satis- 


circuit  having  Hve  lamps  connected  in  series. 
and  will  also  permit  of  the  use  of  a  headlight 
without  an  external  resistance.  Thirty-two 
volts  meets  these  requirements  admirably 
as  this  is  a  standard  voltage  for  train  lighting 
lamps  and  as  it  also  allows  the  filament  of  a 
headlight  lamp  to  be  concentrated  near  the 
focal    point    of   the    reflector.     A    headlight 
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Connections  of  Cam-operated  Controller  andFour  Motors 
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Arrangement  of  Car  Equipment  with  Cam-operated  Controller 
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willi  I  nil'  of  lliusc  lamps  j;iv(.'s  a  powerful 
bt-ain  on  llio  tracks  with  siirtk-icnt  side 
dilTusion  to  sliovv  ui>  ohjcrts  rfa<lily  alniij^ 
the  sidos  of  tiio  railroad. 

The    curri'iit    for    thi-si-    aiixiliar\'    rircuits 
is  supplied  from  the  trolley  throiij^li  a  imii|Ue 


•  This  niotor-KtMUTutor  anil  its  pi 
described  in  the  Uknkrai.  Eluctkic 
page  124. 


rcKi..„ ^ ^..v 

having  a  i)owerful  and  brilliant  hcadliRht 
and  uniform  interior  linhtinK  of  the  car, 
which  latter  is  readily  appreciated  by  all. 


MR.    F.    N.   BOYER    RETIRES 


Willi  inin.i;lcd  feeliiii^s  of  re^^rel  and 
jileusure  the  many  friends  o(  Mr.  F.  N. 
13oyer,  Manai,'er  of  the  St.  Louis  District  of 
the  General  l'21ectric  Com])any,  will  Icam  of 
his  retirement  from  active  business  life — 
regret  at  their  loss  of  his  mature  judgment, 
wise  counsel,  and  the  benefit  of  his  broad 
ex])eriencc  in  electrical  matters,  and  pleasure 
to  know  that  it  is  now  his  good  fortune,  after 
fifty  years  of  service,  to  be  able  to  unshoulder 
the  cares  and  responsibilities  of  business  and 
enjoy  the  rest  and  recreation  he  so  richly 
deserves. 

Frank  Norton  Boyer  was  born  in  Reading, 
Pa.,  September  9,  1855.  In  September, 
LS6S,  at  the  age  of  thirteen,  he  left  grammar 
school  to  become  messenger  boy  for  the 
Philadelphia,  Reading  and  Pottsville  Tele- 
graph Co.,  and  in  the  following  year 
was  promoted  to  telegraph  operator.  From 
1873  to  1884  Mr.  Boyer  was  wire  chief  of 
the  Philadelphia  and  Reading  Railroad  Co., 
in  charge  of  all  telegraph  wires.  In  the 
latter  year  he  accepted  a  position  as  General 
Manager  of  the  Reading  Electric  Light  and 
Power  Co.,  in  which  capacity  he  remained 
until  June  1891,  when  he  went  wath  the 
Edison  General  Electric  Co.,  Chicago,  as 
incandescent  lamp  specialist.  In  February, 
1892,  he  was  appointed  Manager  of  the 
Incandescent  Lamp  Department  and  the 
Wire  and  Cable  Department,  and  a  few 
months  later,  when  the  General  Electric 
Company  was  organized  and  this  position 
was  abolished,  he  became  associated  with  the 
Supply  Department,  serving  in  various  ca- 
pacities, and  in  1895  was  promoted  to  Man- 
ager of  the  Supply  Department.  Mr.  Boyer 
retained  this  position  until  1908,  w'hen  he 
was    appointed    Assistant    Manager    of    the 


Chicago  District.     In  1912  he  was  ajjpointed 
Manager  of  the  St.  Louis  District. 

"Po])"  Boyer,  as  he  was  affectionately 
called  by  his  friends,  endeared  him.sclf  to 
both  his  business  associates  and  competitors 
by  his  eager  spirit  of  fairness  on  all  occasions. 


His  genial  manner  and  sterling  business 
qualities  engratiated  him  with  members  of 
all  branches  of  the  electrical  fraternity;  he 
enjoys  a  wide  acquaintance  and  has  hundreds 
of  friends  inside  and  outside  the  Companj^'s 
organization,  who  wish  him  many  years  of 
ease  and  happiness. 
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See  that  your  Motors  are 

•NORfflfl-  Equipped 


TAE  mKKid  C9mFANy  OF  AMERICA 

17 yo    BJ^^flDW/qy  new  vork. 
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'NORtW  Engineers — speed  bearing  specialists — offer 
you  their  services  without  obligation 
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LIGHTING   LEGISLATION 


An  iinalysis  i)f  the  inininuim  li};hLiiiK 
inU-nsitioK  rcciuired  by  the  various  state 
arlilicial  lightinj:;  codes  shows  them  to  be  far 
below  the  values  ordinarily  rej,'arded  as 
desirable  and  even  necessary  for  adequate 
industrial  Hghting.  Likewise  the  ])erusal  of 
the  few  simple  rules  eom])risin}^  the  codes 
proper  gives  slight  impression  of  the  diffi- 
culties involved  in  their  formulation  and  the 
problems  arising  from  their  jiractical  appli- 
cation. 

Still  the  adoption  of  these  lighting  codes, 
brief  and  reasonable  as  their  provisions 
undoubtedly  are,  is  of  far-reaching  impor- 
tance not  only  from  the  standpoints  of  greater 
safety  and  less  eyestrain  to  industrial  work- 
ers, which  is  the  essential  reason  for  their 
introduction,  but  also  due  to  the  marked 
economic  benefits  they  indirectly  bring 
about. 

The  great  advantage  of  the  codes  is  that 
the  manufacturer  must  give  systematic  con- 
sideration to  the  lighting  of  his  factory  both 
under  daylight  and  night  conditions.  Such 
attention  in  the  long  run,  enhanced  by  the 
experience  and  rulings  of  competent  inspec- 
tors, should  gradually  teach  an  increasing 
number  of  employers  the  marked  beneficial 
effect  of  pro\dding  proper  and  adequate 
Hghting  on  the  quantity  and  quality  of  output, 
the  reduction  of  accidents,  the  health  and 
morale  of  the  workers,  and  the  general 
appearance  and  up-keep  of  the  plant. 

In  some  cases  the  state  lighting  codes  are 
provided  with  an  appendix  giving  practical 
information  concerning  hghting  problems, 
which  is  an  invitation  for  the  industrial 
manager  to  seek  to  lay  out  his  own  lighting 
plans.  He  would  be  better  ad\'ised  to  put 
such    work    in    the    hands    of    a    competent 


ligluing  si)ecialist,  as  "  pro]X'r  and  adequate" 
lighting  involves  much  more  than  simijly 
sui)i)lying  the  intensity  of  light  recommended 
as  "good  practice."  This  is  yjarticularly  true 
in  providing  good  lighting  facilities  for  endless 
varieties  of  industrial  ojjcrations,  some  of  very 
different  character  and  requirements  often 
being  performed  side  by  side. 

The  subject  of  lighting  legislation  has  been 
diligently  studied  for  many  years  by  the 
Committee  on  Lighting  Legislation  of  the 
Illuminating  Engineering  Society  and  the 
product  of  this  labor  has  been  embodied  in  a 
few  simple  rules  termed  the  "  Code  of  Lighting 
Factories,  Mills,  and  Other  Work  Places." 
These  rules,  which  are  com])arati\-ely  brief 
and  few  in  number,  convey  no  idea  of  the 
amount  of  work  involved  in  their  specification 
and  the  many  objections  and  difficulties  that 
had  to  be  overcome.  The  Society  does  not 
present  this  code  as  a  perfected  instrument; 
it  is  expected  that  as  its  provisions  are  put 
in  force  the  necessity  for  further  changes  and 
improvements  will  be  obvious,  and  experience 
will  teach  of  other  needs  and  the  ways  of 
meeting  them.  However,  this  code  is  the 
farthest  step  forward  in  the  matter  of  Light- 
ing Legislation;  it  has  ser\'ed  as  the  basis  of 
every  state  code  at  present  operating,  and  in 
some  states  the  code  has  been  adopted  in  its 
entirety.  The  code  and  a  discussion  of  its 
significance  and  application  will  be  found  in 
an  article  by  Mr.  H.  E.  Mahan  on  page  110. 

In  conclusion,  it  is  of  interest  to  note  that  if 
the  establishment  of  the  state  codes  should 
have  no  greater  effect  than  to  teach  m.anu- 
facturers  to  keep  lamps,  glassware,  and  re- 
flectors systematically  cleaned  the  gain  in 
useful  light  would  be  of  the  order  of  from 
20  to  30  per  cent. 
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Measurement  of  the   Crest  Values  of  Alternating 

Voltage  by  the  Kenotron,  Condenser, 

and  Voltmeter 


By  J.  R.  Craighead 

Standardizing  Laboratory,  General  Electric  Company 

The  very  ingenious  arrangement  of  kenotron,  condenser,  and  voltmeter,  which  has  been  developed  for 
measuring  the  crest  values  of  alternating  voltage  and  which  is  described  in  the  following  article,  embodies  in 
one  instrument  a  combination  of  good  qualities  not  possessed  by  previous  devices  for  the  purpose,  among 
which  may  be  named  the  oscillograph,  spark  gap,  etc.  The  theory  and  construction  of  the  crest  meter,  as  it 
is  called,  is  fully  described  below,  the  test  of  its  accuracy  recorded,  and  its  advantages  and  limitations  set 
forth. — Editor. 


When  insulation  is  subjected  to  an  alternat- 
ing high  potential  at  commercial  frequency 
in  testing  its  dielectric  strength,  the  stress 
tending  to  break  it  down  is  approximately 
proportional  to  the  crest  value  of  the  potential 
wave  applied.  This  fact  has  been  recognized 
for  a  number  of  years,  but  the  difficulty  of 
securing  a  measurement  of  the  crest  value 
during  an  actual  test  has  induced  the  use  of 
various  alternative  measurements  in  practical 
work.  These  have  caused  trouble  because 
the  ordinary  variation  of  wave  form  to  be 
expected  in  this  work  is  sufficient  to  cause 
unexpected  breakdown  unless  the  voltages 
ajiplied  are  based  directly  on  a  measurement 
of  the  crest  value. 

The  Standardization  Rules  of  the  American 
Institute  of  Electrical  Engineers  prescribe 
that  where  the  apparatus  to  be  tested  draws 
only  a  small  current  in  comparison  with  the 
size  of  the  testing  apparatus,  so  that  change 
of  wave  form  from  the  no-load  condition  to 
the  testing  condition  is  negligible,  the  crest 
value  of  voltage  may  be  determined  under 
no-load  conditions  before  the  test.  This  is 
done  by  comparing  the  indication  of  an 
ordinary  voltmeter,  reading  effective  values, 
with  the  arcing  point  of  a  needle  gap  or  a 
sphere  gap.  The  voltmeter  indication  thus 
obtained  is  then  used  to  hold  the  correct 
voltage  during  the  test.  Where  the  apparatus 
to  be  tested  draws  a  large  capacity  current 
from  the  testing  outfit,  so  there  is  danger 
that  the  wave  form  during  the  test  may 
differ  from  that  at  no  load,  the  rule  requires 
that  the  crest  value  of  voltage  be  measured 
under  the  actual  testing  condition. 

Important  tests  of  large  generators, 
installed  cable  systems,  etc.,  usually  come 
under  the  second  class.  The  rtile  may  be 
followed  by  connecting  all  the  apparatus  as 
for  the  final  test  with  a  sphere  gap  or  needle 


gap  set  for  the  value  of  voltage  required 
for  the  test,  increasing  the  voltage  gradually 
until  the  gap  arcs,  and  then  removing  it. 
The  voltmeter  reading  just  previous  to  the 
arcing  of  the  gap  is  then  held  in  the  actual 
test.  This  method,  however,  during  the 
preliminary  checking,  subjects  the  apparatus 
tested  to  the  stresses  caused  by  the  arc  in 
addition  to  those  caused  by  the  prescribed 
testing  voltage.  Even  with  the  prescribed 
resistance  of  one  ohm  per  volt  in  series 
with  the  gap,  the  apparatus  tested  rhay  be 
subjected  to  stresses  greater  than  those  for 
which  it  was  designed,  ana  unnecessary 
breakdown  may  result.  As  stated  above. 
it  is  precisely  in  the  cases  of  the  largest 
apparatus,  where  failure  means  the  most  in 
cost  and  in  delay,  that  the  crest  voltage  must 
be  measured  under  testing  conditions  and 
the  accompanying  risks  taken. 

Several  methods  have  been  proposed  for 
determining  the  crest  value  of  voltage  during 
the  actual  test  without  additionally  stressing 


Fig.  1.     Theoretical  Circuit  of  Rectifier, 
Condenser,  and  Voltmeter 


the  apparatus  tested,  and  some  of  them 
have  been  used  with  more  or  less  success. 
The  method  here  described  is  based  on  an 
invention  of  Dr.  Clayton  H.  Sharpe.  It  has 
been  found  simple,  accurate,  and  satisfactory 
under  the  ordinarv  conditions  of  insulation 
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hstinr,.  Ii  |nits  no  unncct'ssary  stress  on  llu? 
iiisulatiim  Appariilus  liiis  liceii  devolopt'd 
ti)  i(i\  IT  (he  voltJi),'!.'  riin^os  onliiiiirily  used. 

'I'lu'  piiiuiple  (if  this  method  of  measure- 
ment is  simiile,  the  arraii>,'ement  beiiiK 
diagrammalii'all\'  shown  in  I'^ij;.  I.  If  a 
perfect  rectilier  A'  of  the  eleelrie  valve  t\'pe, 
which  operates  by  allowing,'  a  How  of  current 
in  line  direction  but  not  in  the  other,  is 
connected  to  charj^e  a  zero-loss  condenser  (' 
witliout  leakage,  cunxMit  will  (low  into  the 
condenser  durinj:;  the  first  ciu'artcr  cyc'.c  of 
\-olla};c,  the  charj^e  in  the  condenser  increas- 
ing,' until  the  dilTerence  of  ])otential  lietween 
its  plates  equals  the  crest  value  of  the  voltajjie 
wave.  The  condenser  jilates  then  remain 
at  the  same  difference  of  ])otential,  reversed 
How  of  current  from  the  condenser  beinj,' 
jireventcd  by  the  rectifier.  If  any  later  crest 
of  the  same  polarity  rises  above  the  potential 
of  the  condenser,  more  current  flows  to  the 
condenser,  the  difTerence  of  potential  between 
the  plates  after  an}'  ]:)eriod  corresponding^ 
to  the  highest  crest  of  voltage  applied  in  the 
ilirection  (which  may  for  convenience  be 
termed  positive)  in  which  current  will  flow 
through  the  rectifier.  If  a  voltmeter  which 
does  not  draw  current  is  connected  across 
tlie  condenser,  it  will  therefore  indicate 
the  highest  value  of  positive  crest  voltage 
which  occurs  during  the  test. 

In  the  application  of  this  method  to  actual 
apparatus,  several  points  must  be  considered. 
These  may  be  summed  up  as:  (1)  internal 
voltage  or  voltage  drop  in  the  rectifier,  which 
alters  the  voltage  applied  to  the  condenser; 
and  (2)  leakage. 

The  first  item  is  dependent  on  the  character 
of  the  rectifier  and  the  connections,  and  will 
be  discussed  later  in  connection  with  the 
specific  devices  used.  The  second  item  is 
present  in  all  apparatus,  and  the  amount  of 
leakage  allowable  depends  on  the  purpose  for 
which  the  outfit  is  to  be  used. 

If  a  record  is  desired  of  the  values  of  single 
crests  of  voltage  of  ^-ery  short  duration,  as  in 
attempting  to  obtain  the  value  of  the  first 
crest  in  a  voltage  wave  train  which  decreases 
rapidly,  the  leakage  must  be  practically  zero — 
say  of  the  order  which  diminishes  the  con- 
denser charge  not  more  than  one  per  cent 
per  second.  With  a  greater  leakage,  the 
instrument  either  does  not  reach  the 
maximum  indication,  or  recedes  from  it  too 
rapidly  for  a  reasonable  reading.  The 
capacity  of  the  condenser  must  also  be  small 
enough  to  allow  complete  charging  during 
the  rise  of  the  wave  to  crest  voltage  without 


causing  droj)  in  llie  rectifier  by  the  amount  of 
current  drawn  to  the  condenser.  Since 
the  condenser  must  be  charged  in  a  very 
short  time,  the  momentary  value  of  current 
which  causes  droj)  in  voltage  is  eomjjurativcly 
high;  the  instrument  lias  not  yet  been 
successfully  used  for  this  work. 

For  ordinary  purjKjses  some  leakage  is 
desirable.  Since  the  instrument  should 
ordinarily  indicate  the  average  value  of 
several  crests  immediately  ]iast,  any  tendency 
to  retain  a  higher  reading  is  to  be  avoided. 
Hence,  the  leakage  should  be  sufTicient  to 
allow  the  instrument  to  change  from  a  higher 
to  a  lower  reading  ])romptly,  but  not  suf- 
ficient to  bring  the  average  voltage  of  the 
condenser  appreciably  below  the  maximum. 
For  a  60-cycle  circuit,  a  leakage  which  lowers 
the  condenser  voltage  at  least  three  per  cent 
])er  second  is  required  to  follow  the  usual 
fluctuations  satisfactorily.  The  maximum 
allowable  leakage  depends  on  the  nature  of 
the  rectifier,  the  capacity  of  the  condenser, 
and  the  other  devices  in  circuit. 

The  kenotron  was  found  the  most  satis- 
factory rectifier  for  this  ser\'ice.  It  has  the 
desired  characteristic  of  ability  to  stand  high 
voltages  with  very  little  leakage,  and  the 
internal  drop  and  losses  at  the  low  current 
values  required  are  small. 

The  kenotron  consists  of  a  glass  bulb, 
evacuated  to  a  nearly  perfect  vacuum,  con- 
taining an  anode,  and  a  cathode  whose 
temperature  can  be  controlled  b\'  passing 
current  from  a  low- voltage  source  through  it. 
At  high  temperature  the  cathode  emits 
negatively  charged  corpuscles  known  as 
electrons.  If  under  this  condition  a  voltage 
is  applied  across  the  terminals,  the  electrons 
emitted  from  the  cathode  receive  an  accelera- 
tion due  to  the  electrostatic  field.  If  the 
anode  is  negative  to  the  cathode,  this  action 
causes  the  negative  electrons  to  be  repelled 
from  the  anode,  and  consequently  no  current 
can  pass.  If  the  anode  is  positive  to  the 
cathode,  the  electrons  are  caused  to  travel 
to  the  anode,  and  a  current  will  flow  which 
cannot  exceed  that  represented  by  the  total 
electrons  emitted  from  the  cathode  at  that 
temperature. 

Two  causes  may  afTect  the  voltage  delivered 
by  the  kenotron:  (l)'the  initial  velocity  of 
the  electrons  emitted  from  the  hot  cathode; 
and  (2)  the  drop  in  the  cathode  filament  due 
to  the  flow  of  cvurent  used  to  maintain  its 
temperature.  The  first  item  is  of  the  order 
of  one  volt  under  ordinary  circumstances  and 
tends    to    increase    the    instrument    reading. 


106     February  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  2 


The  second  depends  on  the  voltage  for  which 
the  cathode  heating  circuit  is  designed,  but  is 
usually  five  or  six  volts  and  tends  to  diminish 
the  instrument  reading.  Where  the  excita- 
tion current  is  from  a  battery,  the  drop  in  the 
cathode  does  not  affect  the  result  (for  very 


Fig.  2.      Crest  Voltmeter  Circuit  using 
Kenotron,  Condenser,  and  Voltmeter 

small  currents)  if  the  negative  side  of  the 
battery  is  connected  to  the  junction  of  the 
cathode  filament  with  the  alternating-current 
line  as  shown  in  Fig.  2. 

The  reason  for  this  phenomenon  maj-  be 
explained  as  follows : 

At  the  time  of  passage  of  current,  the 
anode  is  positive  to  the  cathode.  The  end 
of  the  cathode  nearest  the  negative  terminal 
of  the  battery  will  be  at  the  greatest  dift'erence 
of  potential  from  the  (positive)  anode,  the 
other  end  of  the  cathode  being  at  a  higher 
potential  by  the  amount  of  drop  due  to  the 
battery  current  flowing  through  it,  and 
consequently  being  nearer,  and  possibly 
above  the  anode  potential.  The  electrons 
emitted  from  the  cathode  are  attracted 
toward  the  anode,  as  long  as  the  anode  is 
positive  to  the  cathode,  but  the  greatest 
acceleration  will  be  where  the  difference  of 
potential  between  cathode  and  anode  is 
greatest;  that  is  at  the  end  of  the  cathode 
connected  to  the  negative  side  of  the  battery. 
As  soon  as  the  current  begins  to  pass,  the 
voltage  across  the  kenotron  gap  is  very  small 
and  all  passage  of  current  (if  the  current  is 
kept  small)  is  from  the  end  of  the  cathode 
having  the  greatest  difference  of  potential 
from  the  anode.  Consequently,  the  drop 
of  voltage  in  the  cathode  does  not  affect  the 
voltage  delivered.  If  the  supply  voltage-  to 
the  cathode  is  reversed,  so  that  the  positive 
side  of  the  battery  meets  the  junction  of 
the  filament  with  the  cathode  line,  the 
opposite  end  D  of  the  cathode  has  the  greatest 
difference  of  potential  from  the  anode  and 


the  flow  of  current  is  through  this  end  of  the 
cathode.  Under  this  condition,  the  voltage 
drop  of  the  cathode  DE  is  subtracted  from 
the  voltage  applied  at  A'  and  Y,  so  that  the 
voltage  read  on  the  \'oltmeter  1'  is  decreased 
by  this  amount. 

TABLE  I 
EFFECT  OF  LEAKAGE  CURRENT  ON  READ- 
ING OF   CREST  VOLTMETER 


Effective 
Alternat- 
ing-cur- 
rent 
Voltage 

Calcu- 
lated 
Crest 
Voltage 

•    Crest 
Volt- 
meter 

Reading 

Direct-cur- 
rent Amperes 
(Leakage) 

Per   Cent 
Crest 
Volt- 

■  meter 
Reads 
Low 

Capacity 
mf. 

507 
503 
500 
493 

717 
711 
707 
698 

555 
572 
622 
625 

0.00690 

0.00440 
0.00207 
0.00125 

22.5 
19.0 
12.0 
10.5 

1.8 
1.8 
1.8 
1.8 

Fig.  3.     Apparatus  for  Measuring  Crest  Voltage  Direct 
B,  Battery;  R,  Control  Resistance  for  Filament; 
.4,  Ammeter  Indicating  Filament  Current;  K,  Ken- 
otron; C,  Condenser;  V.  Voltmeter 

Table  I  shows  the  effect  of  the  amount  of 
leakage  current  on  the  reading  of  the  crest 
voltmeter.  A  sine  wave  of  voltage  was 
used  and  the  crest  voltage  calculated  from 
this  for  comparison  with  the  crest  voltmeter. 
These  tests  were  made  at  60  cvcles  and  the 
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C!ii)iicil\-    \v;is    ki'pl     (•(Hislant     Id    slinw     the 
ivsiilts  of  viiryiiiK  Icakay'c. 

V\^.  .'{  sIkiws  an  oulliL  a^|■a^^;c(l  lor  ruailiiij; 
(liifcl  llu'  lower  ranj;o  of  volliiRcs  used  in 
luKli-lu'liMilial  teslinK.  A  condenser  ("  con- 
sists of   L".)  ^lass  i>latcs  willi   tinfoil  coaliiiK. 


Fig.  4.      Assembly  of  Apporntiis  for  Measuring  Crest  Voltngc  from  Volt  Coil 

».  Inslruiiunl  Case;   D.  Cable  to  Resistance;   K.  Resistance  Box; 

E,  Filament  Current  Resistance 


each  capable  of  standing  about  10,000  volts 
alternating  current  and  each  having  a  capacity 
of  a])proximately  0.002  microfarads.  These 
can  be  connected  to  give  various  combinations 
by  means  of  clips.  A  standard  electrostatic 
voltmeter  is  located  at  1'.  A  :?(),()00-volt 
instrument  is  shown,  a  50,000-volt  instrument 
was  used  for  voltages  beyond  the  scale  of  this 
instrument,  and  10,000-  and  3000-volt  instru- 
ments for  lower  ranges.  The  kenotron  K  is 
rated  50,000  volts  (alternating  current)  and 
was  used  well  within  its  limits  of  voltage.  The 
battery  B,  resistance  R,  and  ammeter  A  are 
used  to  supply  and  regulate  the  cathode  current . 
Table  II  shows  a  comparison  of  the  indications 
of  this  outfit  with  the  calculated  crest  values 
when  a  sine  wave  of  voltage  was  applied. 

TABLE  II 
CALIBRATION  OF  KENOTRON,  CON- 
DENSER, AND  ELECTROSTATIC 
VOLTMETER  ON  60  CYCLES 


Calculated 

Voltmeter  and 

Per  Cent  High  (+) 

Max.  Voltage 

Kenotron  Reading 

or  Low  (-) 

6,990 

6,925 

0.93 

6,990 

6,925 

0.93 

22,830 

22,650 

0.79 

24,100 

23,900 

0.83 

28,030 

27,200 

2.9 

34,100 

27,780 

18.4 

34,380 

27,800 

19.2 

34,900 

28,600 

18.0 

These  tests  show  that  the  reading  of 
maximum  voltage  is  satisfactory  up  to  about 
25,000  volts,  and  becomes  rapidly  worse  above 
this  point.    The  leakage  is  increased,  probably 


diir  lo  corona  fornialion  on  tin-  coiideMsers 
;in<l  the  resulting  vollajje  read  on  the  crest 
vollineler  is  low. 

A  few  dieeks  were  made  to  determine  the 
availability  of  this  outfit  for  tests  at  hi^h 
fre(|ueneies,  and  it  was  found  that  its  results 
were  at  least  a|)proximalely 
correct.  Table  III  shows 
a  check  at  120,000  cycles 
against  a  needle  gap  cali- 
brated at  (iO  cycles. 

I"V)r  many  ca.scs,  particu- 
larly in  routine  testing  work, 
it  is  jjreferable  to  use  an 
instrument  which  can  be 
operated  on  the  low-tension 
side  from  the  volt  coil  usually 
made  a  ])art  of  the  trans- 
former winding  for  measure- 
ment jiurjioses.      Ff)r  normal 


TABLE  in 
CREST   VOLTAGE  AT   120,000   CYCLES 


Needle  Gap 


2600 
2600 


2660 
2750 


Fig.  5.     Instrument  and  Case  of  Apparatus  for  Measuring 

Crest  Voltage  from  Volt  Coil 

V,    Voltmeter;     K,    Kenotron;     C,    Condenser; 

A,  Filament  Current  Ammeter;  5,  Scale  Transfer 

Switch;  P,  Protective  Switch 

ranges  of  frequency  and  the  usual  wave  distor- 
tions, the  crest  value  of  voltage  measured  on 
this  coil  will  be  related  to  the  crest  value  on 
the  high-tension  side  bj-  the  same  ratio  that 
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applies  to  effective  values.  An  outfit  consist- 
ingofkenotron,  condenser,  andlow-voltage  elec- 
trostatic voltmeter  was  tried  for  this  purpose 
and  found  accurate;  but  the  delicacy  of  the 
electrostatic  voltmeter  made  it  objectionable 
for  regular  testing  work  under  shop  conditions. 


Fig.  6.     Sine  Wave  and  Distorted  Wave  Giving  Same 
Indication  on  the  Crest  Voltmeter 

An  outfit  was  therefore  developed  in  which 
the  leakage  current,  instead  of  being  kept  at 
a  minimum  value,  was  used  to  operate  a 
sensitive  portable  instrument  of  the  perma- 
nent magnet  type.  This  outfit  was  then 
standardized  by  actual  test  with  a  sine  wave, 
and  comparative  tests  were  made  on  dis- 
torted waves  to  assure  that  the  result  is 
reliable  within  the  ordinary  variations  of  the 
testing  wave. 

This  outfit  is  shown  in  Figs.  4  and  5. 
It  is  arranged  for  table  mounting  and  is 
incased  for  protection  against  dust.  Refer- 
ring to   Fig.   4,   R  is  a  resistance  of  seven 


Fig.  5  shows  the  arrangement  within  the 
box.  A  protective  switch  P  cuts  off  one 
side  of  the  voltage  supply  from  the  instrument 
when  the  top  of  the  box  is  raised,  to  avoid 
danger  due  to  handling  the  parts  when  alive. 
The  other  side  of  the  voltage  supply  is 
grounded.  The  kenotron  K  is  a  low-voltage 
model,  capable  of  standing  1000  volts  alter- 
nating current.  The  ammeter  A  is  used  to 
hold  the  correct  current  at  the  cathode. 
The  condenser  C  consists  of  four  paraffined 
paper  condensers  in  series,  and  has  a  capacity 
of  about  0.225  microfarads.  The  voltmeter 
V  is  an  extra  sensitive  portable  instrument  of 
the  permanent  magnet  type,  with  scale 
marked  0  to  450  volts  for  use  with  3.5 
megohms  series  resistance.  The  switches  5 
are  arranged  to  connect  7,  3.5,  or  1.75 
megohms  in  series  with  the  voltmeter  giving 
full-scale  readings  of  900,  450,  and  225  volts 
respectively.  These  scales  give  the  effective 
voltage,  corresponding  on  sine  wave  assump- 
tions to  the  maximum  actually  applied  to  the 
outfit.  This  is  for  a  more  convenient  com- 
parison with  the  values  given  in  the  A.I.E.E. 
rules  for  standard  spark  gaps. 

At  full-scale  deflection,  the  voltmeter  draws 
approximately  180  microamperes  (180X10~^ 
amperes).  While  this  current  is  not  enough 
to  cause  serious  voltage  drop  under  regular 
testing  conditions,  the  instrument  scale  has 
been  determined  by  holding  actual  alter- 
nating voltage  of  good  sine  wave  form  on 
the  apparatus  and  observing  the  deflection 
of  the  pointer.  This  was  done  with  the  3.5 
megohm    connection     (450-volt    scale)     and 


Fig.  7.      sine  Wave  and  Distorted  Wave  Giving  Same 
Indication  on  the  Crest  Voltmeter 


Fig.  8.     Sine  Wave  and  Distorted  Wave  Giving  Same 
Indication  on  the  Crest  Voltmeter 


megohms  with  a  middle  tap  connected  to  the 
box  B  containing  the  kenotron,  condenser 
switches,  and  instrument  by  the  highly 
insulated  lead-covered  cable  D.  The  resist- 
ance for  controlling  the  filament  current  is 
shown  at  E.     The  battery  is  not  shown. 


comparative  checks  were  made  on  the  other 
connections. 

This  outfit  is  intended  for  use  on  ordinary 
high-potential  tests,  where  the  introduction 
of  extremely  high  harmonics  or  sharp  peaks 
of    voltage    is    improbable.     To    show    its 
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I  \-.\i,ri>  OF  Ai/ri;i<\A'ri\(;  vcji/iAdi:   lo'j 


|iciliinn;mci'  willi  rli,iii);i'S  of  \v;i\'i'  sliiipc, 
tisrill(i)^ranis  wri'c  lakrii  of  (lilli'ivilt  \(iltaj',<' 
\va\'i'S  a|i])lit'(i  to  the  out  lit,,  wliili'  Imliliii^  llic 
satiK'  (k'lk'flion  on  llii-  crest  niotcr.  I'i^;.  (i 
shows  ii  fjood  sine  wave  ('  and  ii  distorleil 
wave  D  ol)laine<l  while  holding,'  i'(|ual  dellee- 
I  ions  on  llie  crest  meter.  The  maxima  are 
e(|ual,  showinj,'  that  the  mi'ter  when  ealibrali'd 
on  the  sine  wave  reads  the  maximum  of  the 
distorted  wave  correctly,  'i'iie  elTective  value 
of  the  sine  wave  is  'M'.i  volts  and  of  the  dis- 
torted wave  317  volts. 

The  current  drawn  to  the  kenotron  is  .1 
while  the  distorted  wa\-e  is  ai)i)lied,  and  H 
while  the  sine  wave  is  ai:)])lied.  The  calibra- 
tion of  the  kenotron  current  value  is  E. 

Fig.  7  shows  another  form  of  distorted 
wave  B  compared  with  the  approximate  sine 
wave  .4.  The  crest  values  obtained  by  hold- 
inij  the  same  point  in  the  tw'o  cases  on  the 
crest  meter  are  equal.  The  elTective  value 
of  the  sine  wave  is  21)1  \-olts,  and  of  the 
distorted  wave  lS2.u  volts. 

F"'ig.  S  shows  a  comparison  between  a  sine 
wave  B  and  a  wave  with  extremely  sharj:) 
peak  C.  Here  the  crest  value  of  the  distorted 
wave  is  approximately  four  per  cent  higher 
than  that  of  the  sine  wave  when  holding  a 
similar  deflection  on  the  crest  meter.  This 
distortion  shows  the  condition  at  which 
appreciable  error  appears  in  the  indication  of 
the  crest  meter.  As  this  distortion  is  far  in 
excess  of  that  normal  to  insulation  testing  at 
high  potential,  the  instrument  will  evidently 
serve  its  purpose  for  the  usual  testing  con- 
ditions. 

In  this  oscillogram,  it  may  be  noted  that  the 
crest  of  the  distorted  wave  is  appreciabl\- 
lower  in  the  half  cycle  when  the  current 
flows  to  the  kenotron  than  in  the  half  cycle 
during  which  no  current  flows.  The  current 
is  comparatively  large  because  of  the  rapid 
change  of  voltage  just  before  the  crest  value 


is  rtaeheil,  ami  this  causes  a  drojj  in  volta(;c 
ihroiigli  the  iMijiedance  of  the  sujiply  circuit 
In  such  cases,  therefore,  there  is  a  higher 
crest  of  the  opposite  jjolarity  which  is  not 
recorded  by  the  outfit.  This  may  be  remedied 
by  the  use  of  a  second  kenotron  connected 
to  draw  a  similar  current  from  the  half 
waves  of  o])i)osite  ])olarity,  thus  dujilicating 
the  effect  (jn  the  o])])Osile  cresL.  This  has 
been  found  unnecessary  in  the  present  work. 

Summary 

The  new  apparatus  will  measure  satis- 
factorily the  crest  value  of  the  ordinary  waves 
used  in  testing  insulation  at  high  potential 
directly  up  to  about  2"),()()(J  volts,  and  in- 
directly by  means  of  a  volt  coil  up  to  any 
limit  for  which  suitable  transformers  are 
available.  No  unnecessary  stress  is  applied 
to  the  insulation  by  the  use  of  the  crest 
meter. 

Approximate  measurements  may  be  made 
up  to  frequencies  of  120,000  cycles  with  the 
kenotron  and  electrostatic  voltmeter.  On 
extremely  sharply  peaked  waves,  the  kenotron 
with  portable  direct-current  voltmeter  records 
a  crest  value  a  small  percentage  low. 

Neither  apparatus  as  yet  assembled  is 
satisfactory  for  the  measurement  of  single 
voltage  crests  of  extremely  short  period 
although  with  suitable  development  it  is 
jjrobable  that  this  measurement  may  also 
be  made. 
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Lighting  Legislation 

By  H.  E.  Mahan 
Illuminating  Engineering  Laboratory,  General  Electric   Company 

The  Illuminating  Engineering  Society  has  given  a  great  deal  of  thought  to  the  question  of  legislation 
regulating  lighting  in  industrial  plants,  and  after  a  great  deal  of  study,  deliberation,  and  discussion,  a  set  of 
requirements  have  been  drafted  for  presentation  to  the  several  state  legislatures  for  their  consideration  and 
guidance  in  enacting  laws  on  this  subject.  These  rules,  or  recommendations,  are  given  in  this  article  and 
the  significance  of  each  is  pointed  out  and  discussed. — Editor. 


Welfare  work  and  safety  engineering  are 
today  occupying  an  important  place  on  the 
roster  of  the  industrial  manager.  This  is 
partly  the  result  of  a  realization  by  industry 
that  its  efforts  in  this  direction  are  a  real 
asset  and  partly  because  of  the  interest  taken 
in  behalf  of  the  workman  by  the  State  as 
evidenced  by  employees'  compensation  acts 
and  various  codes  for  safeguarding  the  health 
and  limb  of  the  workers.  One  of  the  most 
recent  additions  to  the  list  of  state  codes 
for  the  welfare  and  protection  of  industrial 
workers  is  that  covering  lighting.  It  is 
entirely  logical  that  lighting  should  be  added 
to  the  list  of  subjects  considered  necessary 
for  state  control,  as  statistics*  show  that 
23.8  per  cent  of  all  industrial  accidents  are 
due  directly  or  indirectly  to  improper  light- 
ing. If  this  loss  in  productive  labor  may  be 
only  partially  reduced,  it  will  be  a  great 
advance  step  in  the  interest  of  human  con- 
servation. 

The  larger  and  more  progressive  manufac- 
turers have  not  been  slow  to  recognize  the 
advantages  of  proper  and  adequate  lighting, 
but  the  less  efficiently  operated  plants,  sweat 
shops,  etc.,  are  still  in  ignorance  regarding  its 
beneficial  influence.  It  is  to  these  backward 
shops  and  factories  that  the  lighting  codes  are 
addressed,  and  it  is  they  that  are  destined  to 
learn  that  correct  lighting  is  a  good  invest- 
ment both  as  a  factor  in  economic  production 
and  in  remunerative  welfare  work. 

The  question  of  lighting  legislation  has 
been  studied  for  many  years  by  the  Illumi- 
nating Engineering  Society  through  its 
Committee  on  Lighting  Legislation.  This 
society  has  actively  advocated  the  adoption 
of  its  "Code  of  Lighting  Factories,  Mills,  and 
Other  Work  Places,"  by  the  industrial  com- 
missions of  the  several  states,  and  as  a  result 
of  the  efforts  this  code  forms  the  basis  for 
everv    state    code    at    present    operative;    in 


fact,  some  of  the  states  have  adopted  it  in 
its  entirety.  Mr.  G.  H.  Sticknej-,  while 
president  of  the  Illuminating  Engineering 
Society,  in  addressing  the  Pennsylvania  and 
New  Jersey  inspectors  at  the  University  of 
Pennsylvania  said  in  part  as  follows: 

"  No  one  who  has  not  seen  the  growth  of  the  code 
can  realize  how  much  effort  has  been  exerted,  and 
how  many  difficulties  have  been  overcome,  in 
producing  the  comparatively  brief  rules  which 
you  have  before  you.  Many  conferences  of  the 
Committee  on  Factory  Lighting  and  the  Committee 
on  Lighting  Legislation  brought  out  new  points  of 
view  and  many  changes.  A  meeting  with  the 
American  Society  of  Mechanical  Engineers  in  New 
York  developed  improvements,  as  did  a  meeting  in 
Philadelphia.  The  Philadelphia  meeting  accom- 
plished the  very  important  effect  of  interesting 
Commissioners  of  Labor  of  Pennsylvania  and  New 
Jersey,  and  resulted  in  the  movement  to  adopt  the 
code  in  those  states.  The  representatives  of  the 
Pennsylvania  and  New  Jersey  commissions  gave 
much  information  especially  as  regards  the  matter 
of  practical  application  and  enforcement. 

"We  do  not  look  upon  the  code  as  a  perfected 
instrument.  We  expect  to  see  further  changes  and 
improvements.  We  are  all  too  conscious  of  its 
limitations.  We  expect  to  learn  more  about  the 
needs  and  the  ways  of  meeting  them.  Remember 
that  industry  is  changing;  illuminants  are  being 
improved. 

"Some  of  the  specifications  are  not  so  definite 
as  we  would  wish,  especially  that  regarding  glare. 
But  in  codes,  as  in  machinery,  there  comes  a  time 
in  development  when  efficient  progress  can  be  made 
only  by  putting  them  in  practical  use.  The  same 
thing  is  true  of  the  laws  on  the  statute  books;  we 
provide  legislatures  to  keep  developing  the  laws. 

"It  is  not  the  province  of  these  codes  to  enforce 
the  most  efficient  or  most  effective  lighting.  They 
can  only  demand  such  provisions  as  will  reasonably 
insure  the  necessary  welfare  of  workers  by  prevent- 
ing accidents  and  eyestrain.  This  has  been  one  of 
the  embarrassing  features  of  the  problems  to  us  as 
illuminating  engineers.  The  limits  set  are  far 
below  what  we  consider  desirable  practice,  and 
we  would  not  as  engineers  recommend  a  manu- 
facturer to  adopt  so  low  a  standard.  In  general, 
the  requirements  are  so  low  that  a  manufacturer  is 
not  justified  in  equivocating  about  the  class  in  which 
a  particular  process  falls.  His  own  best  economy 
will  be  served  by  adopting  a  higher  class.  Do  not 
let  him  make  the  mistake  of  confusing  glare  with 
'over-lighting.'  " 


i.icirriNc.  i,i:c.isi..\Ti()\ 


III 


'riif  simil;iritv  of  the  various  slaU-  ((kU's 
willi  till-  fodo  adopti'd  hy  tlu'  illuiniualiiiK 
lCn,i;iiK'i'rinj^  Si)i'it't\'  is  appart'iiL  froin  'I'alilr  1 
ami  cnahlrs  oiu'  to  obtain  a  vjciicral  idea  of 
I  111'  wliok'  Hold  i)\'  a  sUid>'  of  till'  Socit'ly's 
(■(iilc.  Thc'so  rules  us  sviKj;<.'Sled  l)y  the 
llluniiiialinK  Un^jincerinj^  Society  totjether 
with  a  brief  discussion  of  them  follow; 

Ki 'i.ii  I.   (;I':nI':ral  Rf'AjriKKMUM-. 

W'orkirtfi  or  traversal  sf^accs  in  hiiilJini^s  or 
i^roiiyids  .shall  be  supplied  Jttrini^  the  time  of 
use  with  artificial  lif^ht  in  aceonlanee  ivith  the 
lolhnving  rules  when  natural  light  is  less  than 
the  intensities  specified  in  Rule  2. 

This  rule  assumes  that  working;  spaces 
and  j:;rounds,  and  spaces  which  em])loyees 
are  comix>lled  to  traverse,  are  jjotential 
sources  of  accident  if  not  adequately  lighted, 
and  requires  that  such  areas  be  illuminated 
in  accordance  with  the  intensity  rule. 
Natural  liijht  is  made  the  basis  for  defining 
the  lime  when  artificial  light  is  to  be  used, 
but  it  is  not  entirely  satisfactory  as  a  definite 
relation  has  never  been  established  between 
the  visional  effectiveness  of  artificial  light 
and  natural  light.  Experience  has  shown, 
however,  that  the  eye  requires  a  higher 
intensity  of  illumination  in  daylight  than  in 
artificial  light,  and  the  latter  is  usually  used 
before  the  former  falls  to  two  or  three  times 
the  intensity  required  for  artificial  light. 
This  rule  has  been  almost  universally  adopted 


liy  the  states  at  i)rescnt  having  a  lighting 
i-ode  in  force. 

RVIJi  2.  INTENSITY  RI-JJl'IRKlJ. 
(See  Tahle  I). 

The  foot-candles  intensity  of  illumination 
in  the  jiast  has  been  to  a  great  extent  the 
only  standard  by  which  a  lighting  system 
has  been  judged.  This  idea  is  rapidly  being 
flispellcd  by  reason  of  the  educational  efforts 
of  the  lighting  industry;  and  distribution, 
glare,  etc.,  are  being  recognized  as  e()ually 
important  factors.  Many  jilants  comi)!ying 
with  the  intensity  rule  are  found  to  be 
violating  these  other  requirements  and  con- 
secjuently  arc  recjuircd  to  modify  their 
lighting  to  conform  to  the  codes.  It  is, 
therefore,  well  to  be  cautious  in  studying 
these  lighting  codes  and  n(Jt  attribute  too 
much  im])ortance  to  the  intensity  clause  to 
the  exclusion  of  the  others.  Intensity  is 
extremely  imijortant  but  its  effect  may  be 
entirely  annuled  by  failure  to  observe  the 
other  rules. 

The  intensity  of  light  required  for  any 
operation  depends  upon  the  fineness  of 
detail  to  be  observed  and  the  color  of  the 
material.  For  example,  an  engraver  requires 
a  higher  intensity  than  a  car]jenter  and  a 
worker  on  dark  textiles  must  have  more  light 
than  one  working  on  light  colored  goods. 
It  is  these  varying  requirements  that  make 
it    very    difficuit    to   specifically    state    what 


TABLE  I 

ILLUMINATION  INTENSITIES 
(Foot-candles) 


Nature  of  Subject 


Illuminat-  ■ 

„      '"S  .        Wisconsin      Pennsyl- 
Engineerings  |       vania 

Society 


Roadways  and  yard  thoroughfares 0.02 

Storage  spaces 0.25 

3.  Stairways,  passageways,  aisles 0.25 

4.  Toilets  and  washrooms 

5.  Work   not   requiring   discrimination   of  detail;  such  as 

handling  material  of  coarse  nature  and  performing 
operations  not  requiring  close  visual  application 

6.  Rough  manufacturing  requiring  discrimination  of  detail; 

such  as  rough  machining,  rough  assembling,  rough 
bench  work,  also  work  in  basements  of  mercantile 
establishments  requiring  discrimination  of  detail 

7.  Rough  manufacturing  such  as  rough  machining,  rough 

assembling,  rough  bench  work 1.25 

8.  Rough    manufacturing   involving   closer   discrimination 

of  detail 2.00 

9.  Fine   manufacturing  such  as   fine  lathe  work,   pattern 

and  tool  making,  light  colored  textiles 3.00 

10.  Special   cases  of   fine  work   such  as   watch   making,   en- 

graving, drafting,  dark  colored  textiles 5.00 

1 1.  Office  work  such  as  accounting,  typewriting,  etc 3.00 


0.02 
0.25 
0.25 
0.50 


0.02 
0.25 
0.25 


0.02 
0.25 
0.25 
0.50 


2.00 

2.00 

2.00 

2.00 

3.00 

3.00 

3.00 

3.00 

5.00 
3.00 

5.00 
3.00 

5.00 
3.00 

5.00 
3.00 
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intensity  of  light  should  be  required  for  any 
particular  operation  or  machine.  In  a  textile 
mill,  obviously  a  machine  may  be  working 
on  light  goods  today  and  dark  goods  to- 
morrow and  similarly  a  lathe  may  have  a 
turning  operation  followed  by  a  boring 
operation;  each  of  which  processes  requires  a 
different  intensity  of  light. 

New  York  State  has  inaugurated  a  new 
departure  from  previous  codes  in  that  a 
more  detailed  classification  of  industry  is 
made  and  a  minimum  allowable  intensity 
specified.  This  part  of  the  code  is  at  present 
tentative  in  order  that  manufacturers  may 
have  an  opportunity  to  check  the  require- 
ments and  submit  their  criticisms.  It  be- 
comes mandator}'  on  July  1,  1919.  Manu- 
facturers are  urged  to  co-operate  in  this 
matter  and  while  a  vast  amount  of  field 
work  has  already  been  done  by  the  industrial 
commission,  the  job  is  a  big  one  and  any 
further  data  bearing  on  the  subject  will 
gladly  be  given  consideration  bj^  the  state. 

A  portable  photometer  suitable  for  making 
field  measurements  is  shown  in  Fig.  1.  This 
instrument  is  self-contained,  simple  to  operate, 
and  has  a  range  of  from  0  to  15  foot- 
candles.  It  has  been  designed  to  meet  the 
needs  of  inspectors  and  manufacturers  in 
checking  their  lighting  intensities. 

RULE  3.  SHADING  OF  LAMPS. 
Lamps  shall  be  suitably  shaded  to  minimize 
glare. 

Note. — Glare,  either  from  lamps  or  from 
unduly  bright  reflecting  surfaces,  produces 
eyestrain  and  increases  accident  hazard. 

Glare,  unquestionably,  is  responsible  for 
more  unsatisfactory  and  dangerous  lighting 
than  any  other  single  factor.  It  is  also  the 
most  difficult  to  define  in  terms  which  are 
usable  to  the  practical  inspector  and  manu- 
facturer. Glare  is  sometimes  defined  as  light 
out  of  place;  for  example,  a  lamp  exposed  to 
the  eye  so  as  to  create  a  relatively  bright 
source  compared  to  its  surroundings  or  the 
reflection  of  a  bright  source  from  a  glossy 
surface.  The  purpose  of  the  rule  is  to 
protect  workers  from  being  compelled  to  view 
excessively  bright  areas  either  from  the  lamp 
itself  or  its  image.  The  remedy  is  usually 
a  matter  of  equipping  lamps  with  reflectors, 
diffusing  glassware,  or  raising  them  above 
the  line  of  vision.  The  elimination  of  objec- 
tionable glare  not  only  conserves  eyesight 
but  makes  for  more  efficient  workmanship. 

An  attempt  has  been  made  by  some  of  the 
states  to  define  the  conditions  which  will  be 
regarded  as  objectionable  glare  in  terms  of 


height  of  unit  above  floor,  intrinsic  brightness 
of  source,  etc.  In  the  last  analysis,  however, 
it  rests  upon  the  inspector  to  decide  by 
observation  whether  a  condition  of  objection- 
able glare  exists. 

RULE  4.  DISTRIBUTION  OF  LIGHT 
ON  WORK.  Lamps  shall  be  so  installed 
in  regard  to  height,  spacing,  reflectors,  or  other 
accessories  as  to  secure  a  good  distribution  of 
light  on  the  work,  avoiding  objectionable  shadows 
and  sharp  contrasts  of  intensity. 

There  are  many  dangers  lurking  in  dark 
shadows  and  it  is  the  purpose  of  this  rule  to 
minimize  the  possibility  of  workers  falling 
into  moving  machinery  or  through  trap  doors, 
etc.,  that  are  made  invisible  by  shadows. 
A  sharp  contrast  in  intensity  will  create  the 
same  effect  as  a  shadow,  for  the  eye  accom- 
modates itself  to  the  brightest  field  in  view 
and,  in  closing  up  to  exclude  harmful 
intensities,  theTess  brightly  illuminated  areas 
appear  dark.  A  worker  turning  from  a 
brightly  lighted  area  to  a  relatively  dark 
area  is  momentarily  blinded  and,  therefore, 
susceptible  to  accidents. 

It  is  also  important  to  have  light  on  the 
plane  on  which  work  is  to  be  done;  for 
example,  a  clerk  working  on  a  flat  desk 
requires  light  on  a  horizontal  plane,  whereas 
a  machinist  working  on  a  lathe  boring 
operation  requires  a  high  vertical  component 
of  illumination.  The  purpose  of  this  rule  is 
to  insure  light  being  provided  where  needed 
for  convenience  in  working. 

RULE  5.  EMERGENCY  LIGHTING. 
Emergency  lamps  shall  be  provided  in  all  work 
space  aisles,  stairways,  passageways,  and 
exits  to  provide  for  reliable  operation  when, 
through  accident  or  other  cause,  the  regular 
lighting  is  extinguished.  Such  lamps  shall 
be  in  operation  concurrently  with  the  regular 
lighting  and  independent  thereof.     (I.E.S.) 

This  rule  is  self  explanatory  and  endeavors 
to  insure  sufficient  light  being  available  in 
a  building  to  enable  the  occupants  to  see 
their  way  around  and  to  the  exits  in  case  of 
failure  of  the  regular  lighting  system.  It  is 
difficult  in  many  instances  to  comply  with 
the  requirement  that  the  emergency  system 
be  independent  of  the  regular  lighting 
system,  but  a  liberal  interpretation  is  placed 
on  this  rule  by  the  commissions,  and  in  the 
case  of  electric  service  it  is  satisfactory  if 
the  emergency  system  be  fed  from  an  in- 
dependent transformer  in  the  street. 

RULE  6.  SWITCHING  AND  CON- 
TROLLING APPARATUS.  Switching  or 
controlling  apparatus  shall  be  so  placed  that  a 
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least  I'ilot  or  nii^lit  li)^lils  iiuiy  he  tunidl  i<ii  at 
the  main  /•o/'n/.v  of  erttratiee. 

This  niU'  aims  to  iniiko  it  i)()ssil)li'  for  the- 
l;isL  piTson  out  of  a  huil<liiij^  to  liavo  lij^lit 
ui)  to  IIk'  ])oinl  of  exit.  It  iin<loulitcilly  is  a 
(lesiral)lo  niU-,  hut  sonu-  of  tlu-  states,  fei'lin^,' 
that  it  would  ])Iai'c  an  uunei-cssary  hardsliiji 
u])on  nianufaeturers  whose  plants  are  alreads- 
equipped,  have  modified  or  omitted  liie  re- 
quirement. A  system  complyinj.;  with  this  rule 
enables  a  watehman  to  have  the  lij^'hts  on  in  a 
building  as  iie  i)asses  throuj^h  it ;  but  it  is  main- 
tained by  man\-  ])lant  manaj;ers  that  this  is  un- 
desirable as  the  prinei])al  function  of  a  watch- 
man is  to  detect  fire,  which,  of  course,  may  be 
more  readilv  done  if  the  buildiuL'  is  dark. 


Keuli/.in^  that  ijjnoraiice  of  ^jood  lijrliliiit; 
l)raclice  is  rcsjionsibie  for  many  inferior 
systems,  all  the  states  have  added  an  ajjpendix 
to  their  codes,  in  which  are  included  data 
anil  information  on  li^;htin^,'.  It  obviously  is 
not  the  state's  ])ero).;ative  to  demand  of  a 
manufacturer  that  he  ojierate  his  plant  in  the 
n)osl  edicient  manner.  This  is  a  matter  for 
individual  managers  to  concern  themselves 
with,  but  the  state  is  vitally  interested  in  the 
welfare  of  its  citizen  workers.  It  must  be 
remembered,  therefore,  that  the  illumination 
requirements  sijecified  in  these  codes  arc 
not  for  efTiciency  in  plant  operation  but  foJ 
the  safeguardinK  of  the  eyesight  and  limb 
of  industrial  Wf)rkers. 


Electricity  in  the  Ceramic  Arts 

By  J.  P.  Alexanukr 
General  Electric  Company 
Until  recent  years,  electricity  had  not  been  introduced  into  pottery  and  tile-making  factories  for  the  rea- 
son that  it  had  been  generally  supposed  that  a  steam  engine,  by  reason  of  the  excess  power  it  could  produce 
over  its  normal  rating,  was  the  only  driver  that  could  start  up  the  machinery  after  the  clay  had  settled  in  the 
mixing  tubs  overnight.  Recent  electrical  installations  have  shown  the  fallacy  of  this  idea,  and  have  proved 
to  ceramic  engineers  that  the  electric  motor  can  duplicate  any  of  the  engine  drives.  In  the  following  article, 
containing  descriptions  of  the  various  processes  employed  in  the  pottery  industry,  etc.,  the  service  afforded 
by  electricity  in  this  field  is  well  outlined.  The  service  of  electricity  in  other  branches  of  chemical  and  allied 
industries  was  treated  in  "Electricity  Releases  Chemistry's  Power,"  by  J.  M.  Matthews,  General  Electric 
Review,  November  191S,  page  727.— Editor. 


Until  recent  years,  electricity  had  not  been 
introduced  into  pottery  and  tile-making 
factories  for  the  reason  that  it  had  been 
generally  supposed  that  a  steam  engine,  by 
reason  of  the  excess  power  it  could  produce 
over  its  normal  rating,  was  the  only  driver 
that  could  start  up  the  machinery  after  the 
clay  had  settled  in  the  mixing  tubs  over- 
night. Recent  installations  have  show'n  the 
fallacy  of  this  idea,  and  have  proved  to 
steam  engineers  that  the  electric  motor  can 
duplicate  any  of  the  engine  drives. 

The  machinery  to  be  driven  in  the  pottery, 
tile  making,  and  allied  industries  and  the 
power  requirements  are  itemized  in  Table  I : 
In  addition  to  the  apparatus  listed  there  is 
occasion  to  use,  in  the  same  class  of  indus- 
tries, complete  machine  shop  equipments 
where  dies  and  molds  are  made  (3  to  20  h.p."), 
and  elevators  for  the  handling  of  wares  (3  to 
15  h.p.),  and  also  for  the  handling  of  coal  for 
kilns  (motor-operated  hoists  on  trolley  rails). 

At  this  writing,  no  electricity  has  been 
utilized  for  the  drjdng  of  or  the  firing  of 
wares,  although  experiments  are  being  pro- 
jected at  present;  the  problem  of  drying  the 
wares  is  the  first  that  is  recei^'ing  consider- 
ation. Continuous  drA^ers  utilizing  motors, 
heating  coils,  and  ventilating  fans  for  pro- 
ducing the  drying  with  proper  humidifying 
of  the  air  to  prevent  the  cracking  or  warp- 


ing of  wares,  are  now  offered  for  sale  by 

several  manufacturers. 

The  power  required  in  average  potteries 
varies  from  50  h.p.  upward;  and  up  to  this 
time  electricity  has  been  furnished  mainly 
as  direct  current.  At  present,  however,  alter- 
nating current  has  been  introduced  into 
potteries  and  tile  works  w-ith  great  success, 
the  principal  reduction  in  operating  costs 
occurring  in  the  slip  rooms  where  clay  is 
prepared  for  w^orking.  The  saving  is  the 
resiilt  mainly  of  the  improvements  made  in 
the  machinery  used  extensively  heretofore. 
Most  of  these  improvements  have  occurred 
during  the  last  three  years  and  have  afifected 
the  drives. 

In  such  plants  the  clay  is  usually  unloaded 
by  hand  from  cars.  It  is  then  thoroughly 
mixed  and  wetted,  the  crushing  being  done 
either  in  the  dry  or  w-et  state.  The  clay  is 
throwTi  into  a  blunger  with  ground  flint  and 
spar  where  it  is  thoroughly  mixed  by  revolving 
arms  until  it  produces  a  thin  mud  or  slip 
which  varies  in  color  according  to  the  kind 
of  clay  used  and  the  wares  to  be  produced. 
Several  diflerent  varieties  of  claj'  are  used 
for  making  up  the  body  material. 

Plants  which  do  their  own  grinding  of 
some  materials  claim  that  uniformit}^  of  ware 
comes  from  grinding  particles  always  to  the 
same  sizes.     Such  grinding,  when  conducted 
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Dry  pans 

Dry  grinding  mills 

Mixing  tanks 

Slip  pumps 

Stirring  tanks 

Blungers 

Lawns 

Generators  for  furnishing  current 
for  slip  magnets  to  extract  iron 
from  clay 

Wad  mills 

Pug  mills 

Sagger  presses 

Tumbling  drums 

Emery  wheels 

Special  wet  grinding  machines  for 
grinding  wares  by  laying  them  on 
traveling  tables  covered  with 
sand  for  the  grinding  agent,  the 
table  being  actuated  and  the 
wares  held  by  stationary  barriers 

Milling  machines  for  milling  sani- 
tary earthenware  in  quantity.  .  .  . 

Jiggers 

Electric  finishing  machines 

Vertical  grinders 

Exhaust  fans  and  vacuum  cleaners 

Ventilating  fans 


Horse  Power 


7M  to  15 
5      to  15 

2  to     5 

3  to    5 
Vo  to    5 

5      to  10 
2       to    5 


y>  to  3 

3      to    7M 
5      to  14 
2      to    lYi 
1      to  10 
}^  to    5 


5      to  50 

5  to  50 
3-2  to  3 
M  to  1 
J4  to    1 

1      to  20 

M  to  10 


wet  or  dry,  furnishes  an  excellent  central 
station  load  that  enables  the  usual  power 
rate  (based  on  a  sHding  scale)  to  be  made 
more  attractive  than  in  plants  where  such 
grinding  is  not  carried  on. 

After  the  slip  has  been  thoroughly  mixed 
it  is  allowed  to  drain  off  into  large  tanks 
usually  located  beneath  the  floor  of  the  slip 
room.  A  shaft,  carr3ang  arms  which  revolve, 
passes  down  into  this  stirring  tank.  Electro- 
magnets remove  from  the  slip  the  iron  that 
would  otherwise  spot  the  ware.  This  special 
electromagnet  is  placed  in  a  trough  through 
which  the  slip  pours.  Also  a  small  generator 
or  motor-generator  is  required  for  this  elec- 
tromagnet. The  slip  is  then  pumped  into  a 
filter  press  consisting  of  25  or  30  sections, 
each  with  a  piece  of  filter  cloth  in  between. 
The -filter  cloth  serves  to  strain  the  clay  from 
the  water.  After  the  clay  has  filled  up  the 
filter  press,  the  slip  is  then  diverted  through 
a  second  filter  press,  the  first  being  released 
and  unloaded.  A  steam-driven  filter  pump 
will  slow  down  as  the  filter  pressure  increases 
and  the  output  of  the  press  as  well  as  the 
whole  plant  is  usually  lowered,  due  to  the 
retarding  effect  of  the  filter  pump  on  the  small 
engine  usually  employed.  This  is  noted  in 
alm.ost  every  average  size  pottery.  The  slip 
room  processes  are  thus  the  "neck  of  the 
bottle"     and     the    factory's     production    is 


lowered  in  proportion.  There  is  no  reason 
why  many  "slip"  room  processes  cannot 
proceed  on  electric  drive  during  night  hours, 
and  thus  reduce  the  load  factor  of  such 
plants  and  the  consequent  cost  of  operation. 
Separate  motor  drive  would  prevent  any 
reduction  of  output  caused  by  slowing  down 
of  shafting. 

The  clay  is  then  either  thrown  into  a 
moistening  room  where  it  is  kept  wet  and 
ready  for  working  or  it  is  thrown  immediately 
into  a  pug  mill  where  it  is  additionally  mixed 
and  forced  out  into  large  wads  which  are 
about  eight  inches  in  diameter  and  which 
can,  as  they  proceed  from  the  machine,  be 
cut  into  slabs  about  twelve  to  fifteen  inches 
long.  The  main  object  of  the  pug  mill  is  to 
mix  the  material  thoroughly  and  at  the  same 
time  expel  all  the  air,  giving  a  solid  character 
to  the  material.  In  this  condition,  the  clay 
is  ready  for  working  and  is  usually  moist 
enough  for  immediate  service.  If  to  be 
worked  at  once,  it  is  carried  into  the  pottery 
room  where  the  potters  begin  to  shape  it  into 
various  utensils  or  wares.  In  the  mantxfacture 
of  china  ware,  the  clay  is  placed  on  potters' 
wheels  where  it  is  turned  into  plates,  cups, 
saucers,  or  any  kind  of  round  ware.  In 
other  cases,  the  clay  in  this  condition  is 
pressed  into  molds  and  turned  into  various 
shapes  that  cannot  be  made  either  on  turning 
lathes  or  potters'  wheels  or  jiggers.  In  some 
instances,  the  consistency  of  the  clay  must  be 
very  thin  and  in  such  cases  the  prepared  clav 
is  thinned  down  to  a  condition  where  it  is 
poured  into  plaster-of-paris  molds,  the  molds 
taking  up  the  excess  moisture  and  allowing 
the  clay  vessel,  after  a  time,  to  be  removed 
from  the  mold  and  set  up  to  dry.  In  any 
kind  of  pottery,  the  drying  process  consumes 
from  one  to  two  days'  baking  in  a  temperature 
of  about  85  to  90  deg.  F.,  sometimes  as  high 
as  105  deg.  F.  Decorating  kilns,  which 
require  900  to  1300  deg.  F.,  are  well  within 
range  of  the  electric  oven,  which  is  sure  to 
be  put  into  use  soon  for  such  work. 

As  soon  as  the  drying  is  thoroughly 
accomplished  the  ware  is  ready  for  its  first 
burning,  which  usually  takes  place  as  soon 
as  the  ware  can  be  packed  properly  for 
protection  against  kiln  smoke.  At  this  point 
some  wares  can  be  glazed  and  finished  in  one 
firing;  other  wares  require  careful  firing, 
covering  from  forty-eight  to  seventy-two 
hours  at  a  temperature  up  to  2300  deg.  F., 
the  glaze  being  put  on  by  dipping  cold  and 
a  subsequent  burning  being  given  in  other 
kilns  where  the  temperature  is  high  for  a 
shorter  period,   the  idea  being  to  bring  the 
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10-h.p.,    1200-r.p.ni.    Induction    Motor    Operating    a 

Crossley  Machine  Company's  Glaze  Drum. 

Lennox,  Inc.,  Trenton,  N.  J. 


'  2-h.p.,    900-r.p.m     Induction    Motor    Opera  tint: 

Mueller     Company's     Pug     Mill,     Imperial 

Porcelain  Company.  Manasquan.  N.  J. 


3-h.p.,  1200-r.p.m..  Reversible  Induction  Motor  Operating 

a  Mueller  Machine  Company's  "Scgger"  Press, 

Lennox,  Inc.,  Trenton,  N.  J, 


3-h.p-.  1800-r.p.m-,  Induction  Motor  Operating  a  Mueller 

Machine  Company's  "Segger"  Press  with  Mechanical 

Reverser,  Imperial  Porcelain  Co..  Manasquan,  N.  J. 
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ware  to  a  condition  where  the  glaze  will  melt. 
If  the  ware  is  to  be  decorated,  a  third  firing  is 
often  necessary;  this  will  not  reach  more  than 
1500  deg.  F.  which  is  just  sufficient  to  set 
the  paint  or  color  that  is  put  on  the  wares 
over  the  glaze. 

In  order  to  burn  the  ware,  and  at  the  same 
time  to  protect  it  from  kiln  smoke,  it  is 
necessary  to  pack  the  ware  in  boxes  of  clay 
which  are  known  as  saggers.  These  boxes 
have  until  late  years  been  made  by  hand 
and  had  to  be  constructed  of  fire-resisting 
clay  which  will  withstand  heat  far  beyond 
that  of  the  clays  burned.  The  breakage  in 
the  saggers  is  great,  due  to  the  high  heats 
they  must  stand  directly,  which  requires 
regrinding  and  mixing  \A'ith  fresh  clay  to  be 
used  over  and  over  again.  The  motor  drive 
of  sagger  presses  has  increased  the  output 
of  these  machines  from  400  to  1000  per  cent 
over  hand  operation.  Various  types  of  motors 
have  been  utilized  for  sagger  presses,  some 
driving  and  reversing  by  belt  shifting  and 
others  furnishing  a  rapid  reversing  service 
direct. 

The  individual  motor  drive  application  to 
jiggers  has  increased  the  plate,  cup,  and 
saucer  production  about  30  per  cent  over 
the  previous  method  of  drive. 

The  average  load  factor  that  is  required 
on  the  mechanically  operated  machines  in 
potteries  and  tile  industries  is  usually  about 
40  per  cent  of  the  total  load  of  the  machines 
(10  hours  a  day  basis),  this  load  factor 
rising  in  direct  proportion  as  the  machines 
are  operating  full  time.  The  load  in  such 
plants  can,  by  careful  analysis,  be  so  arranged 
as  to  produce  a  practically  constant  load 
factor  all  day  on  a  24-hour-a-day  basis. 
It  is  consequently  an  ideal  load  for  a  central 
station. 

The  porcelain  industry,  pressing  for  the 
most  part  from  dry  clay,  departs  to  some 
extent  from  the  method  of  manufacture  just 
described.  It  uses  dry  grinders  for  the 
preparation  of  cla\^  and  the  porcelain  work 
is  done  mainlj^  by  hand-operated  presses,  but 
there  are  several  motor-driven  presses  which 
promise  to  be  satisfactory  for  such  work.  It 
is  claimed  that  there  are  no  mechanical 
considerations  to  prevent  electrically  driven 
presses  turning  out  wares  from  dry  dust,  and 
the  results  confirm  this  opinion. 

There  appears  to  be  a  great  opportunity 
in  the  porcelain  industry  for  drying  saggers 
and  firing  kilns  electrically.  These  problems 
will,  no  doubt,  be  also  taken  up  as  rapidly 
as  ingenuity  and  opportunity'  permit. 


The  pyrovolter  and  other  forms  of  pyrom- 
eters are  now  used  extensively  in  research 
experiments  and  in  drying  rooms  and  kilns 
for  the  indication  of  temperatures. 

The  same  process  of  manufacture  that 
has  been  described  in  connection  with  the 
china  ware  industry  holds  good  in  connection 
with  the  sanitary  earthenware  industry, 
except  that  in  the  latter  the  pieces  are  usually 
larger  and  are  more  intricate  in  design;  and 
at  the  same  time  require  all  the  potter's  skill 
both  in  the  manufacture  and  in  the  glazing 
and  firing.  Hand  labor  and  experience  are 
very  much  required  in  this  industry  and  up 
to  this  time  mechanical  methods  for  producing 
salable  sanitary  earthen-ware  goods  have 
not  been  very  successful,  though  worthy  of 
continued  effort.  These  wares  are  molded 
or  built  up  bjr  hand. 

The  making  of  bath  tubs  has  been  extremeh' 
hard  to  reduce  to  a  mechanical  process  as  the 
clay  has  to  be  worked  wet  and  requires 
unusual  skill  in  drying  out,  preparatory  to 
firing.  Also  the  firing  of  bath  tubs  and 
sanitary  earthenware  carries  with  it  a  high 
percentage  of  breakage  and  the  losses  are 
sometimes  very  great. 

Efforts  are  now  being  made  to  control  the 
drying  by  electric  coils  placed  inside  of 
hollow  parts  of  the  ware  to  cause  shrinkage 
in  some  directions  where  otherwise  it  would 
not  occur  to  the  satisfaction  of  the  operative. 
It  is  expected  that  electric  current  will  be  of 
considerable  advantage  in  such  work. 

One  comjjany  uses  electric  finishing  ma- 
chines, and  has  an  extensive  vacuum-cleaner 
equipment  which  contributes  materialh'  to 
the  healthful  conditions  of  the  works.  State 
•factory  inspectors  also  are  requiring  more 
attention  to  hygienic  ventilation. 

It  can  readily  be  seen  that  much  skill  and 
experience  is  necessary  for  the  turning  out 
of  fine  wares,  as  there  are  so  many  points  to 
be  considered  in  design  and  treatment  to 
prevent  the  unequal  expansion  and  conse- 
quent breakage.  It  may  be  said  in  general 
that  the  art  can  be  constantly  improved  so 
far  as  mechanical  methods  of  manufacture 
are  concerned,  but  marked  advances  have  to 
be  made  in  the  design,  the  chemistrj^  and  the 
technic  of  the  art  to  allow  machinery  to 
replace  the  skilled  hands  required. 

It  will  be  of  interest  to  note  that,  since  the 
war  began,  American  claj's  have  come 
extensively  into  use  and  are  given  the 
necessary  refining  to  produce  the  same 
quality  of  ware  as  has  heretofore  been  made 
from  foreign  ball  clays. 
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Speed  Control  of  Induction   Motors  on  Cranes  and 
Hoists  by  Means  of  Solenoid  Load  Brakes 

By  U.  II.  MiL.MN  and  II    II.  Vernon 
PowKu  AND  Minim;  ICsoiNiiiiKiNii  DiirAKiMiisi,  (Iunekal  Hlkcihic  Comi'anv 

A  low  yours  a^o  practically  all  crane  hoists  were  equipped  with  automatic  mechanical  load  brakes,  but 
todav  a  very  large  number  of  cranes  equipped  with  direct-current  motors  use  dynamic  braking  instead.  The 
developmont  of  the  solenoid  load  brake  for  alternatinK-currenl  wound  rotor  motors  makes  possible  the  elimi- 
nation on  an  alternating-current  crane  hoist  of  tlie  more  or  less  troublesome  mechanical  load  brake.  Practi- 
oallv  the  same  speed-torque  characteristics  obtain  with  an  alternating-current  motor  equipped  with  a  solenoid 
load  brake  as  with  a  direct-current  motor  with  dynamic  braking.  This  article  covers  diflerent  applications  of 
solenoid  brakes  and  gives  a  detailed  description  of  a  solenoid  load  brake. — EoiToK. 


For  stopping  machinery,  holding  machinery 
and  lowering  loads,  some  form  of  braking  is 
required.  Two  general  classes  of  braking 
arc  in  practical  use.  The  first  is  friction 
liraking,  which  makes  use  of  a  sinooth  brake 
wheel  against  which  is  applied  stationary 
shoes  or  a  hand.  The  force  for  applying  these 
stationary  shoes  or  band  in  practice  is  derived 
from  hand  power,  air  power,  steam  power,  oil 
power,  solenoid  power,  or  motor  power. 

A  very  familiar  form  of  brake  which  is 
used  for  lowering  motion  is  called  an  auto- 
niatic  mechanical  load  brake.  Until  recently 
this  was  used  on  the  hoist  motion  of  all 
alternating-current  cranes  except  a  few- 
small  or  slow  speed  cranes.  It  is  a  device 
which  acts  as  a  solid  coupling  when  the  load 
is  being  hoisted,  but  when  the  load  is  being 
lowered  some  pawls  drop  into  place  and 
cause  the  de\-ice  to  act  as  a  friciion  brake. 
Therefore,  the  motor  is  required  to  exert  a 
small  amount  of  torque  in  the  lowering 
direction  in  order  to  unlock  the  de\'ice  and 
permit  the  load  to  be  lowered. 

The  second  is  electrical  braking,  of  which 
there  are  three  kinds  in  common  use,  viz., 
back  torque  or  "plugging,"  dynamic  braking, 
and  regenerative  braking.  With  back  torque 
or  "plugging,"  power  from  the  supply  system 
is  consumed  for  lowering  and  stopping  a  load. 
With  dynamic  braking  the  moving  body 
generates  electrical  power  which  is  dissipated 
in  a  rheostat.  This  type  of  braking  can  be 
used  for  retarding  machinery  and  lowering 
loads,  but  will  not  serve  to  bring  a  body 
absolutely  to  a  standstill  or  to  hold  a  load. 
With  regenerative  braking  the  mo\dng  body 
generates  pow-er  which  is  returned  to  the 
power  supply  system.  It  is  not  possible  to 
reduce  the  speed  of  the  moving  body  to  the 
same  extent  as  with  dynamic  braking. 
Regenerative  braking  is  principally  useful  for 
lowering  loads. 


The  best  practical  results  are  ordinarily 
obtained  by  using  a  combination  of  some 
form  of  electrical  braking  and  some  form 
of  friction  braking.  The  principal  advan- 
tages of  electrical  braking  are  accuracy  of 
speed  control  and  elimination  of  mechanical 
wear  on  the  apparatus.  The  advantages  of 
friction  braking  are  that  it  can  be  used  for 
accomplishing  some  results  more  economically 
and  simply  than  can  electrical  braking,  and 
that  it  can  be  used  to  hold  the  load  at  stand- 
still without  the  consumption  of  electric 
power;  also,  it  can  be  used,  even  when  the 
power  supply  fails,  as  a  safety  device.  One 
of  the  most  convenient  methods  of  operating 
friction  brakes  is  by  means  of  electric  solenoids, 
because  they  are  readily  adapted  to  remote 
control  and  also  serve  as  an  automatic  safety' 
de\-ice  in  case  of  failure  of  power. 

The  use  of  solenoid  brakes  has  been  vastly 
extended  due  to  their  recent  applications 
in  connection  with  other  forms  of  electric 
braking. 

In  the  past,  the  claim  has  been  made  that 
a  solenoid  brake  would  give  only  one  degree 
of  torque,  and  that  if  this  was  not  exactly 
suitable  for  the  needs  of  the  case,  inferior 
operating  results  would  be  obtained,  whereas 
hand-  or  air-operated  brakes  could  produce  a 
graduated  braking  which  would  in  each  case 
produce  exactly  the  desired  operating  results. 
There  is  a  whole  lot  of  truth  in  the  above 
claim,  but  a  close  analysis  of  the  demands  ■n'ill 
show-  that  onl}-  a  small  percentage  of  cases 
cannot  be  met  by  either  a  mtdtiple  magnet 
-brake,  w^hich  gives  two  degrees  of  braking, 
or  a  solenoid  load  brake,  which  gives  a 
variable  amount  of  braking  responsive  to  the 
speed  of  the  motor  with  which  it  is  used. 

It  is  the  ptirpose  of  this  article  to  describe 
these  two  kinds  of  solenoid  brakes  and  point 
out  some  of  the  applications  for  which  they 
are  adapted. 
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The  multiple  magnet  solenoid  brake  is,  so 
far  as  operation  is  concerned,  nothing  more 
nor  less  than  two  solenoid  brakes,  but  for 
convenience  and  economy  it  is  made  up  in 
the  form  of  one  brake  operated  by  two  or 
more  independent  magnets.  When  both  are 
energized  the  brake  is  entirely  released,  and 
the  brake  wheel  is  free  to  move.  When  one 
magnet  is  de-energized  the  brake  is  set  and 
gives  a  fraction  of  the  torque  capacity  of  the 
brake.  When  a  second  magnet  is  de-energized 
additional  torque  is  applied,  and  so  on  for 
as  many  magnets  as  may  be  used.  The 
multiple  magnet  brake,  having  two  magnets, 
is  specially  adapted  for  stopping  apparatus 
which  is  moving  in  a  horizontal  plane,  and 
some  of  its  detailed  uses  are  described  below. 
In  all  these  cases,  if  direct  current  were  used 
it  would  be  thoroughly  practical  to  use 
dynamic  braking  in  connection  with  a  single 
torque  solenoid  brake  to  accomplish  the 
desired  results;  and,  if  either  alternating  or 
direct  current  were  used,  it  would  be  feasible 
to  use  back  torque  or  plugging  control 
in  combination  with  a  single  torque  solenoid 
brake.  These  last  combinations  would  ordi- 
narily not  be  warranted  unless  very  big 
units  were  involved. 

In  the  case  of  the  revolving  motion  on  a 
hammer  head  or  locomotive  crane,  where 
there  is  some  kind  of  flexible  steel  work  used 
in  the  tower  structure,  and  where  there  is  a 
lot  of  lost  motion  in  the  gears,  it  is  advan- 
tageous to  apply  a  light  amount  of  torque 
to  take  up  all  of  the  play  in  the  gears  and 
spring  of  the  machinery,  and  after  this  to 
apply  a  heavier  torque  for  bringing  the 
machinery  to  rest  at  the  desired  rate  of 
speed.  This  is  true  of  all  kinds  of  machinery 
where  there  is  a  lot  of  back  lash  in  the  gearing. 

For  traveling  gantry  cranes  which  are 
exposed  at  times  to  high  wind  pressures,  it 
is  frequently  desirable  to  have  a  solenoid 
brake  which  will  prevent  the  crane  from 
being  blown  along  the  track.  A  brake 
which  is  powerful  enough  to  exert  this  torque 
will  be  so  powerful  as  to  produce  undue 
shock  to  the  machinery  in  ordinary  stopping 
when  no  wind  is  blowing.  It  is  therefore 
advantageous  to  have  one  degree  of  braking, 
just  sufficient  to  stop  the  gantry  nicely  and 
smoothly  for  ordinary  purposes,  and  a  second 
degree  of  braking  which  is  powerful  enough 
to  hold  the  gantry  against  a  strong  wind. 

Many  moving  bodies  carry  a  swinging  hook 
underneath  them,  and  it  is  sometimes  advan- 
tageous to  use  one  degree  of  braking  when  a 
heavy   load   is    on    the   hook   and    a    lighter 


braking  when  a  small  load  is  on  the  hook,  in 
order  to  stop  the  carriage  as  quickly  as 
possible  in  all  cases  without  unduly  quick 
stops  being  made  in  some  cases. 

This  system  of  braking  can  be  controlled 
from  a  remote  point  in  a  number  of  different 
ways.  First,  both  solenoids  can  be  energized 
and  de-energized  simultaneously  when  power 
is  applied  to  the  motor,  one  of  the  solenoid 
cores  being  retarded  from  falling  for  a  few 
seconds  by  means  of  a  dashpot.  In  such 
a  case,  at  the  off  position  of  the  controller 
the  brake  will  be  set,  and  on  the  first  step  of 
the  controller  the  brake  will  be  entirely 
released.  However,  when  the  controller  is 
thrown  from  the  first  step  to  the  off  position, 
a  light  torque  will  be  applied  first,  and  after  a 
predetermined  time  full  torque  will  be  applied. 

A  second  method  is  to  so  arrange  that,  at 
the  off  position  of  the  controller  both  magnets 
are  set.  On  the  first  step  one  of  the  solenoids 
is  energized  and  the  brake  exerts  only  a 
partial  torque.  On  the  second  step  of  the 
controller  both  solenoids  are  released  and 
power  is  applied  to  the  motor.  This  method 
is  more  universal  in  its  adaptation  than  the 
first  method,  but  requires  more  wires  between 
the  controller  and  the  brake.  It  is  also 
thoroughly  feasible  to  use  a  dashpot  with 
this  scheme  so  as  to  eliminate  the  sudden 
application  of  full  power  of  the  brake  in  case 
power  fails  or  in  case  the  operator  makes  a  care- 
less or  accidental  motion  with  his  controller. 

The  third  method  of  controlling  the  brake  is 
to  arrange  so  that  at  the  off  position  both 
solenoids  are  set.  On  the  first  step  one 
solenoid  is  released;  on  the  second  step  both 
solenoids  are  released;  and  on  the  third 
step  power  is  applied  to  the  motor.  This 
does  not  differ  from  the  second  method,  except 
that  there  is  one  step  on  the  controller  where 
neither  power  is  applied  to  the  motor  nor 
braking  is  used.  This  coasting  point  is  very 
economical  with  respect  to  the  heating  of 
motors,  and  also  with  respect  to  power 
consumption  on  high  speed  trolleys,  such 
as  man-trolleys  on  coal  and  ore  bridges 
running  at  600  feet  per  minute  and  higher. 
The  operator  will  find  it  very  convenient 
and  economical  to  turn  the  controller  to  the 
coasting  step  after  the  trolley  has  been 
accelerated  to  full  speed,  thus  allowing  the 
trolley  to  coast.  One  advantage  of  two 
magnets  on  the  brake  of  a  high-speed  trolley 
is  that  it  assists  the  operator  in  spotting  his 
carriage  at  a  definite  point.  As  he  approaches 
the  point  of  stopping  he  applies  a  small  torque 
and    brings    the    carriage    to    a    low    speed. 
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.•illnws  il  111  (hill  (in  llii'  (.'oasliiij^'  sli'p  to 
williin  ;i  very  sIkuI  dislaiici'  of  llie  fxiu't 
spot  wln'ii'  it  is  1(1  ill'  sloppi'd,  wlii'ii  111' 
produci'S  lull  toicnic  nil  till'  l)r;il<t.;  and  liriii^js 
tlio  carriaKC  lo  a  \  i'i\-  ([uifk  sLo]).  Tliis 
iiu'thod  (if  roiilroUinjj;  llic  l)raki.'S  lias  ci.Ttaiii 
cIciiuMits  of  daiiK<-'i"  ooniiccU'd  with  it  \«liii'h 
ari'  not  pri'sciiL  in  IIr-  lirsL  and  sec-ond 
nu'lliods  (U'scrilic'd.  In  llu'  (irsl,  and  si'cond 
nu'thods  il  would  he  inipossihlc  for  a  wind  to 
Mow  the  machine  away  without  either  the 
motor  exerting  regenerative  braking  or  the 
solenoid  lirake  exerting  friction  braking; 
whereas  this  third  method  has  a  coasting 
step  on  which  it  would  be  jjossible  for  the 
controller  to  remain  wiiile  a  wind  was  causing 
the  machine  to  attain  a  dangerously  high 
speed.  Therefore  the  third  method  should 
not  be  used  on  machines  which  are  exposed 
to  wind  ])ressurcs  capable  of  creating  a 
dangerous  condition. 

Where  many  varieties  of  loads  are  to  be 
lowered  by  the  same  hoist,  it  has  been 
thought  tiiat  the  only  practical  way  lo 
handle  these  loads  with  friction  brakes  was 
by  means  of  an  automatic  mechanical  load 
brake,  or  hand-  or  air-operated  brakes,  so 
that  a  different  value  of  braking  torque 
could  be  used  in  handling  every  different 
\alue  of  load.  However,  when  the  require- 
ments are  analyzed  it  will  be  found  that 
the  actual  demands  are  not  for  an  infinite 
number  of  braking  torques,  but  for  an 
accurate  speed  control  of  the  body  which  is 
being  lowered,  and  that  the  ideal  control 
must  produce  any  desired  speed  regardless 
of  what  load  is  hanging  on  the  hook;  in 
other  words,  a  braking  arrangement  which 
is  so  responsive  to  the  speed  that  when  the 
speed  drops  below  a  certain  predetermined 
value  all  braking  will  be  decreased  auto- 
matically, whereas  if  the  speed  is  above  a 
certain  predetermined  value  the  braking  will 
be  increased  automatically.  This  require- 
ment has  been  met  by  what  is  called  a  solenoid 
load  brake,  for  use  with  alternating-current 
induction  motors.  This  brake  consists  essen- 
tially of  an  ordinary  solenoid  brake  in  which 
the  solenoid  is  of  such  weight  that  very  little 
braking  action  is  obtained  from  the  operating 
solenoid.  This  is  designated  (B)  in  Fig.  1. 
But  in  addition  to  this  operating  solenoid, 
there  is  a  solenoid  (.4)  which  is  connected  to 
the  circuits  of  the  rotor.  If  this  second 
solenoid  (A)  is  de-energized,  it  applies  heavier 
weight  to  the  brake  levers  and  consequently 
greater  braking  torque.  If  it  is  energize(i, 
its  weight  is  almost  raised  from  the  levers  and 


il  I'xirls  praeliculiy  no  braking  loniuc.  I'or 
inlermi'diale  values  of  excitation,  inler- 
mediate  amounts  of  braking  will  be  obtained. 
Now,  since  the  voltage  which  is  generated 
by  the  rotor  of  an  induction  inolor  varies 
directly  as  the  slip  of  the  motor  we  have 
in  such  a  brake  the  ideal  arrangement, 
because  when  the  motor  is  standing  still  a 
high  voltage  is  induced  in  the  roKjr  and 
c(inse(|uenlly  a  sinall  amount  of  braking 
would  be  obtained,  whereas  when  the  motor  is 
running  at  high  speed,  a  low  voltage  is 
induced  in  the  rotor  and  consequently  a 
greater  amount  of  braking  is  obtained. 
Actual  tests  made  on  such  a  device  show 
that  there  is  suflicient  resistance  drop  in 
the  coil  of  the  magnet  and  sufficient  core 
loss  in  the  iron  to  make  the  magnetic  fjull 
almost  follow  a  straight  line  law  between 
full  speed  of  motor  and  standstill.  Further 
remotely  controlled  regulatif)n  of  the  braking 
is  olHained  by  connecting  a  resistor  in  series 
with  the  rotor  circuits  and  the  brake  magnet, 
and  by  adjusting  the  value  of  this  resistor 
through  the  controller.  This  resistor  is 
shown  as  Ri  and  /?•>  in  diagram  2.  A  still 
further  variation  in  the  amount  of  effective 
braking  at  the  motor  shaft  can  be  obtained 
by  adjusting  the  regular  control  resistor  in 
the  rotor  circuit  so  that  the  motor  itself 
pushes  more  or  less  against  the  friction  brake. 
In  other  words,  if  a  light  load  is  to  be  lowered 
the  motor  can  be  made  to  produce  a  large 
torque,  and  if  a  heavy  load  is  to  be  lowered 
the  motor  can  be  made  to  produce  a  small 
torque.  The  torque  of  the  motor  in  each 
case  is  such  as  to  drive  the  load  downward, 
whereas  the  torque  of  the  brake  would  be 
such  as  to  prevent  the  load  from  being 
lowered.  The  combination  of  these  methods, 
all  controlled  from  one  handle,  makes  it 
possible  to  obtain  any  desired  speeds  below 
synchronism  on  an  induction  motor.  When 
it  is  desired  to  lower  a  load  at  or  above  the 
synchronous  speed  of  the  motor  it  is 
thoroughly  practical  and  desirable  to  entirely 
release  the  solenoid  brake  and  thus  eliminate 
friction  braking  altogether,  allowing  the 
load  to  be  lowered  by  regenerative  braking. 
The  brake  is  entirely  released  by  energizing 
solenoid  (B),  Fig.  1.  Therefore,  in  a  practical 
case  the  load  would  be  lowered  almost  to  the 
bottom  of  travel  by  means  of  regenerative 
braking  without  any  friction  wear  whatever, 
and  then  near  the  bottom  of  travel  the 
solenoid  load  brake  would  be  brought  into 
operation  so  as  to  handle  and  land  the  load 
at  low  speed. 
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An  alternating -current  crane  which  is 
controlled  by  a  solenoid  load  brake  compares 
very  favorably  in  operation  with  a  direct- 
current  crane  which  is  controlled  by  means  of 
dynamic  braking  and  a  solenoid  brake.  It 
might  be  said  that  from  a  friction  wear 
standpoint,  the  solenoid  load  brake  is  inter- 
mediate in  its  advantages  between  an  auto- 
matic mechanical  load  brake  and  a  system  of 
direct-current  dynamic  braking.  With  the 
automatic  mechanical  load  brake  there  is 
friction  wear  throughout  the  whole  of  a 
lowering  trip.  There  is  also  friction  wear 
from  stopping  the  load  at  the  bottom.  With 
the  solenoid  load  brake  there  is  no  friction 
wear  while  lowering  the  load,  but  there  is 
friction  wear  while  stopping  the  load  and 
while  operating  at  creeping  speeds  for  the 
purpose  of  landing  a  load.  With  direct 
current  and  dynamic  braking  there  is  no 
friction  wear  while  lowering  a  load  either  at 
high  speed  or  at  creeping  speed,  and  there  is 
no  friction  wear  when  stopping  a  load  except 
from  something  like  25  per  cent  of  full 
speed  down  to  standstill.  This  brake  is 
relatively  very  small. 

The  solenoid  load  brake  will  give  better 
results  on  creeping  speeds  when  lowering 
loads  than  will  the  automatic  mechanical 
load  brake,  principally  because  the  solenoid 
load  brake  is  a  large  open  device  whose 
adjustments  are  accessible  and  do  not  change 
due  to  wear.  However,  when  the  mechanical 
load  brake  and  a  solenoid  load  brake  are  in 
an  equal  degree  of  adjustment,  the  operating 
results  are  practically  on  a  par.  The  solenoid 
load  brake  gives  creeping  speeds  with  prac- 
tically the  same  certainty  as  does  direct 
current  with  dynamic  braking,  but  not  quite 
so  accurately  under  all  conditions  of  voltage, 
temperature,  wear,  etc.  It  is  possible  to 
jog  with  a  greater  degree  of  accuracy  on  a 
crane  using  the  solenoid  load  brake  than  on  a 
crane  using  either  of  the  other  two  types  of 
braking.  The  reason  for  this  is  that  when 
jogging  is  done  with  the  solenoid  load  brake 
the  solenoid  does  not  pick  up  and  set,  thus 
requiring  considerable  time  during  which  the 
brake  shoes  are  released  and  the  motor  may 
revolve.  The  weight  of  the  solenoid  core  is 
simply  released,  and  the  brake  wheel  slips 
slightly.  There  is  no  time  wasted  while  a 
solenoid  is  picking  up  and  dropping  down. 
It  has  been  found  easy  on  actual  test  to 
jog  the,  motor  armature  one  twentieth  of  a 
revolution. 

A  solenoid  load  brake  serves  the  double 
purpose  of  a  lowering  device  and  an  ordinary 


solenoid  brake,  with  the  safety  of  stopping 
when  power  fails.  On  direct-current,  cranes 
which  use  dynamic  braking  in  combination 
with  a  solenoid  brake  it  is  sometimes  con- 
sidered advisable  on  account  of  the  size  of 
the  crane,  value  of  the  material,  or  danger 
connected  with  handling,  to  use  not  only  a 
solenoid  brake  on  the  motor  shaft,  but  also 
a  solenoid  brake  on  the  jack  shaft.  This 
same  practice,  for  the  same  reasons,  would  be 
advisable  in  the  case  of  a  solenoid  load  brake 
on  an  alternating -current  crane;  that  is,  a 
single  torque  standard  solenoid  brake  might 
be  added  to  the  back  shaft. 

The  value  of  retarding  torque  which  a  sole- 
noid load  brake  should  have  should  ordinarily 
not  exceed  125  per  cent  of  the  rated  torque 
of  the  motor.  It  is  advisable  to  make  the 
torque  of  the  brake  as  small  as  possible  so 
as  to  eliminate  unnecessary  shocks,  jars, 
wear,  and  tear.  It  seems  to  be  the  usual 
guarantee  on  cranes  that  they  will  hoist 
125  per  cent  of  their  rated  load;  and,  if  this 
corresponds  to  125  per  cent  of  the  motor 
rated  torque,  a  brake  set  for  125  per  cent 
torque  would  have  ample  capacity.  When 
125  per  cent  torque  is  required  for  hoisting, 
not  more  than  50  or  75  per  cent  torque 
is  required  to  hold  back  against  the  load. 
This  is  because  the  friction  in  the  crane 
machinery  hinders  when  a  load  is  to  be  hoisted 
and  helps  to  hold  a  load  from  lowering. 
Therefore,  under  the  conditions  above  a  test 
load  requiring  125  per  cent  of  the  motor 
torque  to  hoist  would  be  retarded  from  full 
speed  in  lowering  in  something  like  two  or 
three  seconds.  A  usual  load  or  no  load  on 
the  crane  would  require  something  less  than 
one  second  for  retarding  from  full  speed. 
Therefore,  we  are  safe  in  saying  that  125 
per  cent  brake  torque  stops  a  test  load 
quickly  enough,  and  a  usual  load  not  too 
quickly.  Furthermore,  the  ordinary  alter- 
nating-current crane  motor  will  not  start  and 
hoist  as  much  as  200  per  cent  of  its  full  load 
rated  torque.  Now  to  lower  a  load  which 
required  the  maximum  starting  torque  of  the 
motor  would  probably  require  less  than 
100  per  cent  torque.  Therefore,  in  the 
worst  case  there  would  still  be  about  25  per 
cent  torque  margin  for  retarding  a  load  which 
was  as  large  as  the  motor  could  possibly  hoist. 

This  25  per  cent  is  a  rather  small  margin, 
but  it  has  been  found  to  be  good  practice 
in  direct-current  cranes,  which  use  dynamic 
braking,  to  set  the  solenoid  brake  for  a 
relatively  low  value  of  torque.  When  in  an 
emergency  an  extremely  heavy  load,   much 
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Iu'Voiul  I  111'  rali'il  i';i|iii('ily  iif  llic  craiR',  is 
lo  l)i>  ImisU'd,  a  man  is  soul  to  tin-  top  nf  llic 
craiii-  to  manipiilati-  the  hrakf  liy  luiiul  so 
as  to  inako  siiri'  lliat  it  slops  tlii'  load.  'I'his 
is  consitloird  lu  Ix'  ln'tlcr  prarlicc  than  lo 
use  a  l)rake  wliidi  has  loo  imu-h  loniui'. 

In  those  cases  wliere  an  extra  brake  on  the 
liaek  shaft  is  used  it  would  ordinarih'  he 
^'ood  ])raetice  to  adjust  llu'  solenoid  load 
brake  for  somethiu)^  like  100  per  cent  or 
less  of  the  rated  motor  torque,  and  adjust 
the  sint;;lc  torque  brake  on  the  back  shaft 
so  that  it  retards  with  a  torque  of  somethinjj 
like  75  per  cent  of  the  rated  motor  torque. 


That  is,  the  e(|uivalent  torque  of  this  back 
shaft  solen(»id  brake  referrerl  to  the  armature 
shaft  should  i)e  about  7.">  per  cent  of  the  rated 
motor  tonpie.  The  actual  torque  of  thi.s 
brake  would  be  some  three  to  six  times  this 
value,  dependinj;  on  the  j;ear  ratio  used. 
'I  he  back  shaft  brake  should  be  rejjulated  by 
a  dashpot  so  that  in  ease  power  fails,  or  the 
eonlroller  handle  is  thrown  suddenly  to  the 
ofT  position,  it  will  set  somelhin]^  like  one  half 
or  one  second  after  the  solenoid  load  brake 
sets.  This  precaution  eliminates  a  lot  of 
backlash,  and  wear  and  tear  on  the  motor 
])inion  and  first  gear  reduction. 


SeconOory  ffesiitor 

connected 

5intf/e-phose 


ffotor  IfVind/ng 
Solenoid /I  Step  I,  Louer/n^ 

Diagram  I 


Secondary  Resistoi 
connected 
/?;$  Three-phase 


ffotor  fyinding 
Solenoid /I  Step  Z.  Lotrennq 

Diagram  2 


\Secondary  Resistor 
^has  one  division 
Short  Circuited 


I       ffotor  lYind/ng 

Solenoid/^  Step3.  Loivenng 

Diagram  3 


'Secondary  Resistor 
has  tiro  dit^isions 
Short  Circuited 


Rotor  tVini  ing 
Solenoid /I  Step  4,  Loivering 

Diagram  -4 


Secondary  Resistor 
has  three  dirisions 
Short  Circuited 
and  coil  of  Solenoid 
B  IS  energized 


Rotor  Winding 
Solenoid  /I 


Steps.  Louver  I ng 
Diagram  5 


Secondary  Resistor 
has  four  divisions 
Short  Circuited 
and  coitof Solenoid 
B  IS  energized 


Rotor  Hfinding 
Solenoid  /I 


Step  6.   Loner  I ng 
Diagram  6 


Schematic  Diagram  of  Connections  < 


Secondary  Resistor 
has  five  divisions 
Short  Circuited 
and  coil  of  Solenoid 
3  IS  energized 


Rotor  yyinding 
Solenoid /I  Step  7,  Lowering 

Diagram  7 


Secondary  Resistor 
has  all  divisions 
Short  Circuited 
and  coil  of  Solenoid 
3  IS  energized 


Step  8,  Lowering 
Diagram  8 

^Secondary Resistor 
>allincircuit,  giving 
i  Threephosestarting. 

Resistor  D  in  Series  f 

trith  coil  of  Solenoid B. 

Coilof  Solenoid  A  IS  \ 

energized. 

Rotor  Winding  Step  I  Hoisting  ^ 

Solpnnjcj  /J  -  Creeping  Speed  fith  Light  Loads 

Diagram  9 

1  the  Different  Steps  of  the  Controller 
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Fig.  1  shows  that  the  adjustments  for  this 
brake  are  very  accessible  and  very  simple. 
Springs  (D)  and  (C)  can  be  readily  adjusted 
to  counterbalance  the  weight  of  the  solenoid 
cores  (.4)  and  (B).  The  lever  ratio  through 
which   pressure  is  applied  to  the  shoes  can 


Fig.  1.     Alternating-current  Solenoid  Load  Brake  Mounted 

on    a    15-h.p..    900-r.p.m.    Wound-rotor 

Induction  Motor 


be  readily  changed  at  the  fulcrum  (L).  The 
electrical  effect  on  solenoid  (A),  and  con- 
sequently the  magnetic  pull  on  its  core,  can 
be  adjusted  to  a  considerable  extent  by 
shifting  taps  in  the  resistor  which  is  connected 
in  series  with  this  coil  as  shown  on  the  wiring, 
diagram  2. 

A  detailed  description  of  the  mechanism 
and  operation  of  one  design  of  solenoid  load 
brake  will  be  given. 

The  solenoid  load  brake  (Fig.  1)  consists 
of  a  cast-iron  frame  (£)  in  which  is  mounted 
two  hinged  steel  yokes  (F  and  G),  each  of 
which  has  mounted  therein  a  cast-iron  shoe 
(M)  with  a  molded  asbestos  compound 
face  or  lining  (N).  These  shoes  bear  on 
a  specially  constructed  ventilated  wheel  (H) , 
which  is  mounted  on  the  motor  armature 
shaft.  The  wheel  is  so  designed  that  air  is 
drawn  through  the  ventilating  vanes  regard- 
less of  the  direction  of  rotation. 

Two  solenoids  or  electromagnets  {A  and  B) 
are  attached  to  one  side  of  frame  (E) .  These 
solenoids  are  connected  to  the  brake  shoes 
through  a  steel  lever  arm  (K),  the  ratio  of 
which,  to  give  different  braking  torques,  can 
be  changed  by  putting  a  steel  pin  (L)  in 
different  holes  in  the  lever  arm. 

The  core  {R)  of  solenoid  (B)  is  connected  to 
the  lever  {!<)  by  means  of  a  pin  (S)  through  a 


slot  (T);  therefore  when  the  core  is  down 
the  brake  shoes  press  against  the  brake  wheel 
thus  exerting  torque,  and  when  the  core  is 
up  relieves  the  wheel  so  that  it  is  free  to 
turn.  This  solenoid  is  equipped  with  a 
balancing  spring  (C),  one  end  of  which  is 
held  by  an  adjusting  pin  (0)  and  the  other 
end  is"  under  the  yoke  (P),  tending  to  lift 
the  core  (/?).  This  relieves  some  of  the 
weight  of  the  core  (K)  and  produces  different 
torque  values  on  the  brake  wheel,  depending 
on  the  position  of  pin  (0). 

The  core  of  solenoid  (A)  rests  on  lever  (K), 
but  it  is  not  fastened  to  it  as  is  the  core  of 
solenoid  (B);  therefore  the  weight  of  the 
core  only  produces  torque  at  the  brake  wheel 
but  does  not  release  the  shoes  as  does  the 
core  of  solenoid  (B) .  Solenoid  (A)  is  equipped 
with  a  balancing  spring  (D)  which  reUeves 
some  of  the  weight  of  the  core,  as  explained. 
The  core  of  solenoid  (.4)  cannot  be  raised 
so  that  it  will  have  a  magnetic  seal  with  its 
armature,  because  a  stop  (W)  is  provided  so 
that  the  core  can  only  be  raised  a  certain 
distance.     The  reason  that  a  magnetic  seal  is 
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Fig.  2.       Torque-speed  Curves  of  a  Wound-rotor  Induction 
Motor  Combined  with  a  Solenoid  Load  Brake 

(Solenoid  .-1  on  60  per  cent  rotor  voltage  tap) 

avoided  is  that  the  core  must  act  quickly  in  a 
downward  direction,  and  this  condition  would 
not  obtain  if  the  core  sealed.  This  stop  is 
so  constructed  that  it  is  made  inoperative 
when  the  core  of  solenoid  {B)  is  raised,  as  it  is 
necessary  in  this  case  that  the  core  of  solenoid 


si'i:i:i)  (oxrudi,  oi'  indcctidx  moiors  ox  cuaxI'S  axij  hoists    ilm 


(.•I)  should  1)0  raisi'tl  tn  tlic  sralcd  iiosilidii 
as  is  solenoid  (/>). 

Tlie  coils  of  cacli  soliMinid  ha\e  four  leads 
(1,  •_',  '.i,  4)  br(nl^;hl  out,  and  the  coils  arc  so 
pvoporlioncd  that  tliey  lake  care  of  low, 
normal,  and  high  vollajje. 

The  coil  of  solenoid  (/?)  is  connected 
lin-ougli  the  controller  to  the  primary  side  of 
liie  motor  and  the  coil  of  solent)id  (A)  is 
connected  directly  across  one  phase  of  the 
motor  secondary  through  the  secondary 
resistor. 

The  operation  oi  the  brake  is  as  follows: 

On  the  first  slejj  on  the  hoisting  side  of 
the  controller  the  coil  of  solenoid  (B)  is 
energized  and  immediately  raises  the  core 
(R)  which  releases  the  brake  wheel  so  that 
it  is  free  to  rotate.  As  soon  as  the  core  of 
this  solenoid  is  raised  solenoid  (,4)  has  no 
efl'cct  on  the  operation  of  the  brake;  therefore, 
in  the  hoisting  direction  the  solenoid  load 
brake  functions  the  same  as  any  ordinary 
single  torque  solenoid  brake. 

On  the  first  step  of  the  controller,  on  the 
lowering  side,  power  is  applied  to  the  motor; 
and  the  coil  of  solenoid  (^4),  being  connected 
across  one  phase  of  the  motor  secondary, 
almost  raises  its  core  and  thus  relieves  the 
lever  (K)  of  part  of  the  total  weight.  The 
coil  of  solenoid  (B)  is  not  energized  on  this 
step  of  the  controller  and  therefore  the  brake 
exerts  a  torque  proportional  to  the  weight  of 

Percent  Torque 
120  100    80    eO  40     ZO      0     ZO    40    60    80    100    IZO  140 


more  than  that  ()roduce(i  by  the  load  and 
motor,  the  motor  armature  remains  at  a 
standstill.  As  the  motor  armature  starts  to 
revolve  the  secondary  voltage  drojjs  ofT  and 
(he  core  of  solenoid  (A)  bears  down  more  on 
lever  arm  (/\').     Therefore,  the  braking  effect 
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Motor   and   Solenoid   Load   Brake 
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Torque-speed  Curves  of  a  Wound-rotor  Induction 
Motor   and   Solenoid   Load   Brake 
(Solenoid  .4  on  50  per  cent  rotor  voltage  tap) 


the  core  (R).  If  the  weight  of  the  load  on  the 
hoist  plus  the  torque  produced  by  the  motor 
is  more  than  the  torque  exerted  b}^  the  brake 
the  motor  armature  starts  to  revolve.  How- 
ever, if  the  torque  exerted  by  the  brake  is 


is  a  maximum  when  the  motor  is  running  at 
maximum  speed  and  a  minimum  when  at 
standstill.  The  coils  of  solenoids  (.4)  and 
(5)  are  connected  the  same  on  steps  2,  3, 
and  4  as  on  step  1,  but  the  torque  developed 
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by  the  motor  increases  on  the  different  steps. 
Also,  the  resistors  Ri  and  R2  are  manipulated 
on  steps  2  and  3  to  raise  the  standstill  voltage 
on  coil  (A).  Therefore,  for  the  same  load 
on  the  hoist  the  speed  increases  on  the 
different  steps.     On  step  5  solenoid   (B)    is 


Fig.  6.     Typical  Wiring  Diagram  Showing  Connections  of 

Solenoid  Load  Brake,  Limit  Switch,  and  Contactor. 

Creeping  speed  on  first  hoisting  step 

of  the  controller 


energized,  and  on  this  and  the  remaining 
steps  the  solenoid  load  brake  is  the  same  in 
effect  as  a  single  torque  solenoid  brake.  On 
steps  5,  6,  7,  etc.,  the  brake  being  entirely 
released,  the  motor  runs  above  synchronous 
speed,  the  speed  depending  on  the  load  on 
the  hoist  and  the  step  of  the  controller.  The 
fifth  step  gives  the  highest  speed  and  the 
last  step  the  slowest  speed  above  synchronism 
with  the  same  load  on  the  hoist.  A  light 
load  gives  the  slowest  speed  and  a  heavy 
load  the  highest  speed. 

Fig.  2  shows  torque  speed  curves  of  an 
induction  motor  equipped  with  a  solenoid 
load  brake.  Curves  1,  2,  3,  and  4  in  the 
lowering  direction  are  the  algebraic  sum  of 


the  motor  and  solenoid  load  brake  curves 
la  and  lb,  2a  and  2b,  3a  and  3b,  4a  and  4b, 
respectively  shown  in  Fig.  3. 

The  solenoid  load  brake  curve  lb  shown 
in  Fig.  3  is  obtained  with  60  per  cent  stand- 
still rotor  voltage  across  the  coil  of  solenoid 
(A)  on  step  1  of  the  controller.  This  standstill 
voltage  changes  on  steps  2,  3,  and  4  as  the 
rotor  resistor  values  change,  thus  giving 
the  different  curves  2b,  3b,  and  4b,  as  shown. 

The  results  of  changing  the  tap  from 
solenoid  (A)  in  the  resistor  from  60  to  50  per 
cent  will  be  seen  by  referring  to  Fig.  4. 
Fig.  5  shows  the  motor  and  brake  curves 
whose  algebraic  sums  give  the  curves  of 
Fig.  4. 

If  loads  which  are  equivalent  to  about  60 
per  cent  torque  are  to  be  lowered  as  a  regular 
thing,  it  would  be  better  to  use  the  50  per 
cent  tap  (Fig.  4)  rather  than  60  per  cent 
tap  (Fig.  2)  as  it  will  be  seen  that  with  60 
per  cent  lowering  torque  the  speed  on  step 
1  is  about  10  per  cent.  It  can  readily 
be  seen  that  the  load  can  be  lowered  on  step 
8  at  about  110  per  cent  speed,  delivering 
power  to  the  supply  system,  and  just  before 


Fig.  7.      Solenoid  Load  Brake  with  one  Solenoid  above  the 

other.      This  brake  functions  the  same  as  the 

solenoid  load  brake  in  Fig.  1 


landing  the  load  the  speed  can  be  changed  to 
about  10  per  cent  by  turning  back  to  step 
one.  Considering  ordinary  crane  hook  speeds 
10  per  cent  would  be  very  low  and  the 
load  can  be  very  easily  landed.  However, 
if  60  per  cent  torque  is  lowered  with  solenoid 
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(.1)  oiniK'c-ted  to  the  (id  por  wiit  vollanu  lap 
stop  I  will  >,'ivc  about  .')()  ])or  cent  speed  as 
IHT  Fij;:.  2. 

Torque  speed  curves  are  shown  in  I'ig.  2, 
and  it  will  be  noted  that  when  running  on 
step  T)  of  the  controller  in  the  lowerinj,' 
direction,  with  a  loatl  on  the  hook  corre- 
sponding to  ()0  per  cent  torque,  the  sjieed  will 
be  about  K!")  per  cent  of  the  hoislini;  sjjecil. 
If  the  controller  is  turned  to  step  -t  the  torque 
peak  will  be  about  132  per  cent,  decreasinj,' 
to  125  per  cent  at  100  per  cent  speed,  and  then 
gradually  fallinj^  off  to  (iO  per  cent  torque  at 
72  per  cent  speed.  It  can  readily  be  seen 
that  step  ;j  can  be  changed  to  give  higher 
lowering  speed  without  getting  excessive 
peaks  when  turning  back  from  step  5  to 
step  4. 

If  a  resistor  is  inserted  in  the  circuit  of  the 
coil  of  solenoid  (B)  on  step  1 ,  hoisting,  diagram 
!t,  a  creeping  speed  can  be  obtained  with  a 
very  light  load  on  the  hoist.  This  is  of 
advantage  on  machine  shop  and  foundry 
cranes,  where  it  is  necessary  to  have  a 
definite  slow  hoisting  speed  for  light  loads. 

Diagram  9  shows  the  schematic  connections 
of  step  1,  Fig.  6,  and  it  will  be  noted  that 
a  resistor  (D)  is  inserted  in  series  with  the  coil 


of  solenoid  (/^  Inscrtiii).;  this  resistance 
lowers  the  voltage  iinprcssid  >.n  ,.  .icnoid  f/>) 
but  its  core  tends  to  raise  and  as  solenoid  (A)  is 
energized  by  the  induced  secondary  voltage 
of  the  motor,  the  brake  has  a  tendency  to 
release.  A  vibrating  action  of  the  core  of 
solenoid  (li)  actually  releases  the  brake  some- 
what and  with  the  motor  exerting  approxi- 
mately ")0  per  cent  torque,  a  light  load  is 
hoisted  at  about  2.">  per  cent  of  the  full  load 
hoisting  speed. 

On  the  second  step  of  the  controller, 
resistance  (D)  is  short-circuited,  thus  applying 
full  voltage  to  the  coil  of  solenoid  (B)  which 
entirely  releases  the  brake. 

If  the  resistor  in  the  rotor  circuit  is  con- 
nected so  that  25  per  cent  torque  is  obtained 
on  the  first  hoisting  step  of  the  controller, 
a  small  variation  in  torque  gives  a  large 
variation  in  speed  on  account  of  the  steepness 
of  the  torque  speed  curve.  When  resistance 
(D)  is  inserted  in  series  with  solenoid  (B)  and 
the  rotor  resistor  is  arranged  to  give  50  per 
cent  torque  on  the  first  hoisting  step  of  the 
controller,  a  small  variation  in  torque  gives  a 
small  variation  in  speed  because  the  torque 
speed  curve  thus  obtained  is  flatter  than  the 
25  per  cent  torque  curve  mentioned  above. 


Fig.  8.     Typical  Wiring  Diagram  Showing  Connections  of 
Multiple  Magnet  Solenoid  Brake 
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Large  Motor-generator  Sets  in  Test  at  Schenectady  Works 
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Salvaging  Miscellaneous  Wastes 

By  \V    K.  CoNOVivR 

EcosoMisr,  CiKNKKAL  Elkctric  Compasy 

The  subject  of  salvaging  industrial  wastes  is  being  given  careful  consideration  by  many  of  the  larger 
manufacturing  companies,  and  its  field  of  operation  is  constantly  growing.  With  sharp  competition  facing 
our  industries  in  the  near  future,  all  classes  of  manufacturers  wherever  possible  must  improve  their  shop 
methods  and  conserve  their  by-products,  as  the  increasing  cost  of  i>roduolion  must  be  met,  and  this  cannot 
always  be  done  by  advancing  the  selling  price,  due  to  the  factor  of  competition.  Therefore,  as  the  author 
points  out,  it  is  our  duty  to  conserve  everything. — Editor. 

add  greatly  to  the  sum  total  of  wastes 
salvaged  during  the  year.  Rubber,  leather, 
fiber,  rope,  strings,  muslin  rags,  cloth  trim- 
mings, burlap  sacks  and  wrappings,  wornout 
belting,  asbestos  sheeting,  armature  and 
field  insulation  papers,  and  small  lots  of 
productive  materials  in  various  forms  and 
stages  of  shop  processes,  which  have  been 
condemned  by  the  inspection  force  as  unfit 
for  further  productive  use,  are  sent  to  the 
main  scrap  building  to  be  sorted  and  prepared 
for  shipment.  Scrap  sheet  steel  and  fiber 
sheets  of  suitable  thickness  for  making 
washers  are  saved  and  sent  back  to  the  metal 
punching  departments  for  the  production  of 
various  sizes  of  washers.  Insulated  wire  ends, 
clippings,  and  short  lengths  of  cable  and 
conductor  remaining  over  from  production 
or  from  shop  wiring  jobs  are  delivered  to 
the  scrap  building  where  the  insulation  is 
removed  by  biuTiing.  leaving  the  clean  copper 
T^-ire  in  shape  for  shipment  to  the  open  market. 
The  bundling  machine,  which  is  designed  to 
wind  bundles  of  suitable  size  for  charging 
standard  crucibles,  takes  care  of  a  considerable 
percentage  of  loose  copper  wire  reaching 
the  scrap  building.  The  cotton  fabric  scrap 
and  scrap  from  other  materials  used  in  the 
braiding  of  cables  and  manufacttire  of 
insulated  wire  are  all  subjected  to  the  process 
of  reclamation.  Some  of  this  left -over  fabric 
is  used  in  the  wire  department  in  place  of 
cotton  waste  for  cleaning  machinen.-,  etc. 

In  the  mica  insulation  department  there 
is  a  constant  accumulation  of  waste  from  the 
production  of  mica  insulations,  on  which  an 
average  of  nearly  three  hundred  hands  are  al- 
ways engaged.  This  waste  product  is  treated 
in  furnaces  for  the  purpose  of  burning  out 
varnish,  paste,  etc.,  which  renders  it  available 
for  further  use  in  the  production  of  insulated 
sheets  which  are  cut  into  various  forms  of 
pasted  mica  as  required. 


There  are  many  by-products  relatively  as 
important  as  the  chips  and  turnings,  castings, 
and  heavier  metals  which  we  need  to  conserve. 
The  manufacturer's  efforts  to  salvage  indus- 
trial wastes  must  extend  over  a  much  wider 
field  than  is  included  under  the  classification 
of  metal  by-])roducts  alone  if  we  are  to  secure 
the  desired  results  and  accomplish  a  nation- 
wide saving  of  everything  of  value  in  military 
production  or  in  private  commercial  under- 
taking. If  actual  fighting  has  ceased  and 
peace  is  reasonably  assured,  we  are  just 
entering  upon  the  period  of  reconstruction 
which  will  of  necessity  be  of  long  duration. 
In  the  work  of  rehabilitation  of  devastated 
and  war-torn  Europe  we  must  take  a  leading 
and  active  part.  Our  duty,  therefore,  is  to 
conserve  ever\-thing.  not  only  to  lighten  the 
burden  of  reconstruction  work  and  make 
easier  the  task  of  our  national  government, 
but  also  to  enable  the  government  and  nation 
to  set  before  the  world  and  especially  before 
the  impoverished  countries  of  Europe,  whose 
treasuries  have  been  depleted  and  whose 
Credit  has  been  impaired  by  the  prosecution 
of  the  war,  that  broad  and  high  example  of 
economy  and  right  living  which  is  now  mani- 
festly our  privilege  and  obligation  to  establish 
and  maintain. 

There  are  mamerous  by-products  in  addition 
to  those  we  have  been  discussing*  which  must 
receive  our  earnest  attention  and  critical 
consideration.  Failure  to  do  our  utmost 
along  this  line  places  the  greater  economic 
burden  on  the  shoulders  of  someone  else  where 
it  does  not  properly  belong.  The  products 
of  leather  and  rubber  industries,  of  woolen 
and  cotton  mills,  of  chemical  industries,  of 
fabrics  of  every  kind,  offer  a  most  fertile 
field  for  the  salvaging  of  the  smaller  classes  of 
wastes  resulting  from  the  manufacture  of  these 
varied  classes  of  materials. 

In  the  Schenectady  plant  of  the  General 
Electric  Company  many  miscellaneous  by- 
products reach  the  main  scrap  building  which 


*  "Salvaging  Industrial  Wastes,' 
Electric  Review,  Jan..  p.  88. 


by  W.  R.  Conover.  Gener.\l 


Cables,  Slings,  and  Belting 

Rope  slings  which  have  been  cut  in  the 
process   of   lifting   or   are   worn   by   use   are 
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inspected  by  the  chief  rigger  and  where 
practicable  are  made  into  shorter  lengths. 
The  balance  of  these  slings  is  sent  to  the 
scrap  building  and  sold  with  other  waste 
fabrics.  There  is  also  maintained  a  regular 
inspection  of  steel  crane  and  elevator  cables. 
Whenever  these  cables  become  sufficiently 
worn  or  the  strands  broken  in  such  a  manner 
as  to  reduce  the  factor  of  safety,  they  are 
replaced  with  new  cables.  The  old  cables 
are  utilized  for  steel  slings,  the  defective 
portions  having  first  been  removed.  Steel 
slings  are  used  to  a  large  extent  in  the  machine 
shops  of  the  Schenectady  plant,  and  a  large 
percentage  are  made  from  cables  removed 
from  elevators  and  cranes.  The  highest 
degree  of  safety  is  maintained  by  this  system 
on  all  lifts  either  by  elevators  or  cranes,  and 
the  second-hand  steel  slings  always  insure  a 
large  margin  of  safety  in  the  handling  of 
heavy  castings  or  other  material.  The  mill- 
wright department,  which  takes  care  of  all 
belting  equipment  except  the  minor  repairs 
and  lacings  made  by  the  local  belt  lacers  in 
the  shops,  inspects  all  worn  belts,  utilizing 
all  good  portions  for  making  shorter  length 
belts  and  also  for  repairing,  and  saving  the 
balance  which  is  disposed  of  through  the 
scrap  department. 

Paper  By-products  from  the  Shops  and  Offices 

The  waste  cuttings  and  trimmings  of 
armature  and  field  coil  insulations,  cable 
paper,  press  board  papers,  and  other  papers 
used  in  production  are  accumulated  in  sacks 
in  the  various  shops  and  sent  to  the  main 
scrap  building  for  storing  and  shipping. 
These  papers  are  kept  carefully  separated 
in  the  manufacturing  departments,  thus 
avoiding  the  labor  of  sorting  at  the  scrap 
building,  and  insuring  the  receipt  of  the 
highest  market  prices  for  the  various  grades. 
Wrapping  papers  received  on  incoming 
materials  are  accumulated  and  sent  to  the 
central  stores  building  to  be  used  in  wrapping 
small  packages  of  materials  delivered  out 
to  the  shops.  In  the  end,  these  papers  reach 
the  salvage,  plant  and  are  baled  and  sold  to 
the  dealers.  Magazines  and  periodicals  are 
put  into  separate  bundles  for  which  a  proper 
rate  for  this  classification  is  obtained.  Blue 
prints  and  printed  office  forms  which  have 
served  their  original  purpose  are  cut  and 
glued  into  pads  and  the  backs  of  these  sheets 
are  used  in  the  various  shop  offices  and  on 
the  shop  floors  for  scratch-pad  purposes  in 
systematic  effort  to  reduce  as  far  as  practica- 
ble the  expense  of  clerical  routine.     As  in  the 


case  of  wrapping  papers,  they  are  eventually 
sold  as  scrap  product. 

Waste  papers  are  collected  from  the  gen- 
eral offices,  engineering  offices,  production, 
accounting,  and  shop  offices  in  sacks,  and 
in  this  manner  sent  to  the  salvage  plant  on 
the  refuse  cars.  These  papers  are  run  through 
a  slitting  machine  and  then  baled  for  ship- 
ment to  the  mills.  In  the  process  of  baling 
paper  and  excelsior,  board  trimmings  and 
scrap  wire  received  at  the  building  are 
utilized  exclusively.  Asbestos  paper  and 
sheeting,  used  as  insulation  material  in 
certain  classes  of  manufactured  product,  are 
saved  by  the  shops  and  delivered  to  the 
scrap  building  for  shipment.  Some  of  the 
asbestos  used  in  laboratory  processes  has  been 
sent  to  glove  manufacturers  and  made  into 
gloves,  effecting  a  reduction  of  about  75  per 
cent  in  the  cost  of  new  gloves. 

During  the  past  two  years  more  than 
300  tons  of  the  waste  papers  from  offices  have 
been  accumulated  annually  and  put  through 
the  slitting  machine  and  baled  for  the  market. 
The  total  paper  by-products  shipped  annualh' 
from  the  Schenectady  Works  amounts  to 
more  than  550  tons.  This  will  be  increased 
considerably  during  the  present  j^ear. 

Lumber  By-products,  Boxes,  Barrels,  etc. 

Reclaiming  waste  lumber  offers  a  good 
field  in  most  factories  to  effect  a  large  saving 
in  material  with  a  comparatively  low  labor 
cost.  Lumber  left  over  from  the  construction 
of  new  buildings,  also  from  alterations  and 
repairs,  is  carefully  sorted,  the  nails,  bolts, 
or  rods  removed  and  returned  to  stock  for 
further  use  in  making  repairs,  concrete  forms, 
temporary  stagings,  platforms,  etc.  A  quan- 
tity of  lumber  can  be  reclaimed  from  the 
larger  housings  and  cases  in  which  incoming 
machinery  and  materials  are  received,  and 
most  of  the  lumber  in  the  longer  cases  in 
which  metal  rods  and  sheet  metal  strips  are 
freighted  is  adaptable  to  these  temporary 
purposes.  When  these  latter  boxes  are  of 
sufficient  width  and  depth,  they  can  be 
converted  into  shop  tote  boxes  to  good 
advantage  by  sawing  them  into  sections 
approximately  18  in.  long,  nailing  in  ends, 
and  banding  with  strap  iron  where  necessary. 
Such  boxes  will  last  as  long  and  are  as  durable 
as  those  made  of  nev\r  material  at  two  or  three 
times  the  cost.  All  of  the  medium  and 
smaller  sizes  of  incoming  boxes  are  suitable 
for  transferring  materials  about  the  shops  or 
for  holding  materials  in  storage.  A  nail 
puller  should  be  used  in  removing  the  covers 
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ill  ]iri't(.'iviH"e  to  a  ])iiu'li  l>;ir,  as  llio  lunihcr 
ill  these  eovers  is  useful  in  repairinj;  l)r()ken 
boxes  and  also  in  inakinjj  ends  for  the  sections 
into  which  lon^j  boxes  are  cut.  As  rai)idly 
as  boxes  become  worn  or  broken  in  transit 
about  the  faclorv,  they  are  sent  to  the 
salva),'e  department  and  jnit  in  a  condition 
of  Kood  repair.  By  this  means  a  constant 
sui)i)ly  of  second-hand  boxes  is  kept  passing 
l>ack  into  the  manufacturing;  dejiartments 
and  store  rooms.  Many  of  these  boxes  are 
of  larj;e  size  and  arc  used  for  shipping  material 
to  the  other  ])lants  of  the  Company.  Between 
.■)(K)  antl  (i(l()  boxes  i)er  week  are  being  repaired 
in  the  salvage  building  at  the  present  time, 
or  a  total  of  nearly  30, GOO  i)er  year.  The 
value  may  lie  conservatively  estimated  to 
exceed  $  1 2,000  annually. 

Wood  and  steel  oil  barrels,  also  cans  in 
which  oils  and  chemicals  have  been  received 
are  all  valuable  for  further  use.  The  barrels 
should  be  steam  cleaned  and  used  for  the 
shipment  of  oils  and  chemicals  outside,  or  for 
their  delivery  to  the  various  shop  depart- 
ments. The  smaller  cans  are  always  useful 
for  the  painting  gangs  about  the  factory. 
Steel  barrels  which  have  become  leaky  make 
good  containers  for  chips  and  turnings  and 
the  smaller  scrap  metals.  Handles  should 
be  riveted  to  the  sides  for  handling  with 
the  shop  cranes.  Strawboard  or  pasteboard 
cartons  in  which  incoming  materials  have 
been  received  are  suitable  for  delivering 
small  or  light  materials  from  the  central 
store  house  to  the  shops. 

Miscellaneous  Shop  Supplies 

The  various  classes  of  shop  supplies  are 
usually  sources  of  greater  or  lesser  degree  of 
waste.  Emery  cloth  and  emery  paper,  cotton 
waste,  muslin  and  cheese  cloth,  brooms, 
brushes,  lamp  globes,  gloves,  twine,  etc.,  are 
some  of  the  expense  supplies  used  in  nearly 
ever\"  shop.  The  first  three  items  are 
frequently  subject  to  the  greatest  degree  of 
extravagance  in  use.  The  consumption  of 
these  materials,  however,  is  within  the  limit 
of  control  if  proper  regulation  of  their  use  is 
established.  Emery  cloth  and  paper,  par- 
tially worn  or  filled  with  metallic  or  other 
substances,  may  be  readih-  cleaned  with  an 
ordinary  wire  bench  brush  and  its  life  thus 
prolonged.  The  corners  of  sheets  remaining 
from  the  cutting  of  emery  wheel  disks  can  be 
cut  into  rectangular  shapes  and  used  on 
some  classes  of  work.  The  workman  may 
also  be  taught  to  conserv-e  his  supply  and  use 
it  to  the  best  advantage  by  requiring  him, 


when  oijlaining  his  foreman's  signature  on  an 
order  for  a  fresh  sujiidy,  to  show  that  the 
l)resent  lot  has  been  utilized  to  its  fullest 
value  consistent  with  the  ])nKcss  in  hand. 

Cotton  waste  is  an  item  on  which  little 
restriction  is  usually  ])laced  an<l  one  which 
has  received  some  attention  and  discussion  as 
to  methods  of  extracting  oil,  cleaning,  and 
reclaiming.  It  is  better  practice  to  establish 
a  proper  system  of  distribution  in  the  shop 
than  to  depend  on  the  ])rocess  of  reclaiming 
as  a  means  of  reducing  cost  and  conser\'ing 
su])i)ly.  Oil  may  be  extracted  from  waste 
in  an  ordinary  cylindrical  extractor,  but  this 
oil  is  often  of  inferior  quality  as  it  is  generally 
a  mixture  of  bearing  oil,  cutting  oil,  and 
sometimes  of  soluble  solutions  where  the 
waste  is  gathered  from  several  departments, 
and  requires  careful  filtering  to  free  it  from 
metal  smut  and  other  foreign  elements  before 
it  is  fit  for  further  use.  Waste  may  be  steam 
cleaned  to  advantage  so  that  it  can  be  used 
for  purposes  other  than  wiping  the  work- 
man's hands  where  it  is  liable  to  cause 
irritation  because  of  the  fine  particles  of 
metal  which  usually  cling  to  the  fibers.  A 
controlling  system  of  supply  and  distribution 
is  the  best  answer  to  the  problem  of  reducing 
consumption  and  preventing  undue  loss. 
The  foreman's  order  on  the  stock  department 
for  his  regular  weekly  supply  should  be 
based  on  the  number  of  productive  employees, 
allowing  a  given  average  number  of  ounces 
per  employee  (according  to  the  class  of  product 
manirfactured)  as  a  controlling  factor  in 
determining  the  total  supply  in  pounds 
required.  The  usual  fluctuations  in  produc- 
tive employees  obviously  fluctuates  the  total 
weekly  supply  drawn  from  stock.  The 
internal  distribution  to  the  men  must  neces- 
sarily be  governed  b\-  the  kind  of  work  each 
employee  is  doing.  A  bench  hand  engaged 
in  assembly  or  other  processes  practically 
free  from  dirt  or  oil  requires  a  very  small 
allowance,  while  the  operator  on  large 
machine  tools  or  automatics  must  have  at 
least  a  quarter  pound  or  more  per  machine, 
according  to  conditions,  for  his  regular 
weekly  supply.  In  like  manner,  the  con- 
trolling multiple  or  factor  in  some  depart- 
ments may  be  as  low  as  one  half  to  one  oimce 
per  employee,  and  in  others  reach  as  high  as 
four  or  six  ounces,  but  it  is  safe  to  state  the 
case  is  an  exception  and  not  the  rule  where 
the  class  of  product  manufactured  would 
make  necessary  an  average  distribution  to 
the  employee  of  one  half  pound  per  week. 
Waste    required   for    special    purposes,    suj 
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as  cleaning  production  materials,  special 
cleaning  up  of  machine  tools  which  are  taken 
down  for  rebuilding  and  repairs,  straining 
varnishes  or  compounds,  and  similar  purposes, 
should  be  kept  separate  from  the  workman's 
regular  weekly  supply  and  the  quantity 
governed  by  the  conditions  and  processes  for 
which  it  is  required. 

Such  supplies  as  brooms,  brushes,  twines, 
lamp  globes,  gloves,  and  other  protective 
clothing,  etc.,  and  materials  such  as  muslin, 
felt,  and  various  cotton  fabrics  are  all  sus- 
ceptible to  regulation  and  restriction  which 
will  prevent  undue  consumption  and  waste. 
In  general,  the  workman's  order  for  a  fresh 
supply  should  be  approved  by  the  foreman 
before  being  filled  by  the  stock  keeper,  and 
the  worn  or  discarded  iterhs  should  be 
returned  to  the  store  room  with  the  order. 
This  accomplishes  a  twofold  purpose.  It 
places  a  check  on  the  employee  to  insure  that 
his  supplies  are  utilized  to  the  fullest  extent 
and  advantage  consistent  with  the  nature  of 
his  tasks,  and  it  insures  the  saving  and 
accumulation  of  the  materials  for  further  use 
wherever  practicable  or  for  scrap. 

Brooms  which  have  become  too  much 
worn  for  effective  service  in  cleaning  the 
shop  floors  are  suitable  for  certain  kinds  of 
3'ard  cleaning  or  other  rough  work.  Brushes 
which  have  served  their  purpose  on  painting 
specific  classes  of  productive  work  are  still 
of  value  for  many  rougher  processes,  outside 
painting,  etc.  Lamps  having  leads  attached 
for  portable  use  should  always  be  protected 
with  wire  guards,  and  the  stubs  of  broken 
lamps  saved  for  the  brass  scrap.  Gloves 
with  ripped  seams  should  be  cleaned  and 
mended,  and  worn-out  gloves  can  be  sold  as 
leather  waste.  The  consumption  of  gloves 
and  other  protective  clothing  should  be 
controlled  by  instructions  restricting  their 
use  to  processes  which  render  their  being 
provided  essential  to  the  health  and  safety 
of  the  employee.  Felt  trimmings  are  useful 
as  padding  on  trucks,  trays,  or  containers 
employed  in  handling  fragile  and  polished 
materials,  and  are  frequently  adaptable  to 
small  cleaning  and  polishing  operations. 
Muslin  fabrics  and  cloth  remnants  of  suitable 
size  can  always  be  utilized  for  cleaning  arid 
dusting  purposes  and  usually  can  be  subjected 
to  repeated  washings  before  being  discarded 
and  sold  as  scrap  product. 

Lubricating  and  Cutting  Oils 

Lubricating  and  cutting  oils  and  com- 
pounds constitute  a  relatively  large  proportion 


of  the  expenditure  for  shop  supplies  in  most 
factories.  The  oil  house  should  be  equipped 
with  steel  tanks  in  which  to  keep  the  stock 
supplies,  as  there  is  always  more  or  less  loss 
from  seepage  where  oils  are  kept  for  any 
considerable  time  in  wood  barrels.  In  order 
to  control  consumption,  it  is  essential  to 
provide  the  stockkeeper  and  foreman  of 
departments  with  a  printed  or  written 
schedule  of  instructions  designating  the  kinds 
of  oils  which  are  to  be  delivered  to  the  shops 
for  the  various  classes  of  productive  processes 
and  also  for  the  lubrication  of  machine 
bearings,  slides,  journals,  etc.  It  is  some- 
times desirable  to  schedule  a  definite  amount 
to  be  supplied  for  the  lubrication  of  the 
different  types  of  machine  tools  in  order  to 
prevent  the  operator  from  being  wasteful 
in  practice.  When  this  is  done,  the  supply 
should  be  determined  by  careful  tests  and 
not  left  to  the  judgment  of  the  overseer  or 
operator. 

Where  a  number  of  machines  are  grouped 
and  operated  continuously  on  the  same  kind 
of  cutting  oil,  the  installation  of  an  overhead 
tank  and  system  of  piping  leading  to  each 
tool  is  an  essential  factor  in  economic  opera- 
tion. Much  depends  on  a  proper  flow  and 
feed  of  oil  to  the  tool  and  the  surface  cut 
in  obtaining  the  best  results.  The  workman 
needs  to  be  fully  instructed  as  to  the  im- 
portance of  regulating  the  supply  in  such 
manner  as  to  reduce  friction  to  a  minimum, 
not  simply  as  a  means  of  securing  speed  and 
precision,  but  as  a  necessary  part  of  his  shop 
practice  to  save  and  conserve  and  thereby 
reduce  n\anufacturing  costs. 

All  machines  should  be  provided  with  drip 
pans  and  in  many  cases,  such  as  automatics, 
with  aprons  or  shields  to  prevent  the  spatter 
of  oil  upon  the  floors. 

Filtering  devices  are  always  a  part  of  the 
equipment  of  the  up-to-date  shop  to  enable 
proper  cleansing  and  renewing  the  lubricating 
and  cutting  value  of  oils  deteriorated  in 
operation. 

Much  can  be  done  toward  reducing  the 
expenditures  for  lubrication  by  the  sub- 
stitution of  properly  combined  mineral  oils 
and  oil  bases  for  straight  lard  oil,  and  by 
systematic  and  careful  designation  of  some 
of  the  cheaper  oils  or  soluble  compounds  for 
light  work  on  brass  and  steel. 

Fuel  Gas  and  Fuel  Oil 

In  the  bigger  mechanical  industries  the 
cost  of  fuel  gas  and  fuel  oil  represents  a  large 
expenditure  because  of  the  usually  very  large 
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i<iiisvim|ilion.  'I'lu-x-  ;iiv  ;;t'iu-r;illy  sul)ji'ct 
Id  iiiiuli  waslo  ami  loss  due  to  improper 
i'i|iiipnu'nt  anil  \:wk  of  jjropi-r  suinTvision 
ami  attention.  It  is  essentia!  in  tlie  first 
plaee  that  all  valves  and  openings  on  furnaces 
and  siii)])l\'  ])ipcs,  on  solderinj,'  fixtures  and 
other  lieatiu}^  devices,  he  of  the  i)roper 
size  and  that  automatic  controUinK  attach- 
ments be  installed  and  used  wherever  possible. 
( >nly  by  this  means  can  economic  ojjcration 
be  maintained. 

Bench  {:;as  fixtures  used  for  hcatinj;  and 
solderin}^  piu"i)oses  are  always  a  source  of 
waste.  Unless  provided  with  automatic  con- 
trol, the  flame  is  left  burning  full  when  the 
workman  is  away  from  his  work  and  often 
for  long  intervals  when  not  required  for 
productive  processes.  Where  not  practical 
to  equip  with  automatic  control,  the  workman 
should  be  taught  to  cut  the  flame  to  pilot 
size  when  not  in  actual  use.  Usually  a 
careful  investigation  will  reveal  that  many, 
if  not  most,  of  the  openings  of  bench  fi.xtures, 
and  sometimes  the  feed  valves  of  furnaces 
and  ovens,  can  be  reduced  in  size  and  save 
a  considerable  percentage  of  the  waste. 

Compressed  air  is  often  a  source  of  waste  to 
which  both  foreman  and  workman  give  little 
attention.  Few  shop  men  stop  to  consider 
the  cost  of  the  power  used  in  the  production 
of  air  for  pneumatic  tools.  Leaky  valves 
and  pipes  need  constant  attention.  The 
workman  should  be  instructed  alw-ays  to 
close  the  valve  connecting  the  pipe  supplying 
his  tool  with  the  main  line,  when  air  is  not 
required,  and  to  take  all  other  means  possible 
to  conserve  the  supply. 

Too  much  emphasis  cannot  be  laid  on  the 
importance  of  proper  distribution  and  use  of 
expensive  shop  supplies  in  order  to  avoid 
waste.  The  argument  is  sometimes  ofTered 
against  systems  of  regulation  and  distribution 
involving  the  return  of  used  materials,  that 
they  require  too  much  of  the  workman's 
time,  and  interfere  with  the  more  essential 
production  routine.  In  general  it  would  be 
difficult  to  demonstrate  the  correctness  of 
this  assumption.  Proper  systems  of  control 
not  only  enable  the  foreman  to  know  that 
all  supplies  charged  to  his  department  are 
utilized  to  the  best  advantage,  but  they 
teach  the  workman  the  necessity  and  value 
of  maintaining  uniform,  consistent  habits  of 
thrift  and  ]:)recision  in  all  his  work. 

Power,  Heat,  and  Light 

In  giving  consideration  to  the  salvaging  of 
factory    wastes    we   must    not    overlook   the 


iait  that  the  p<iwcr  house  offers  ojjjiorlunily 
for  a  larjje  dcRrec  of  conservation  work. 
In  order  lo  secure  the  hijjliesl  efliciency  anrl 
to  ])revenl  waste  and  loss  in  the  jjntduction 
of  power,  and  also  of  heal  and  light,  it  is 
essential  not  only  to  install  morlern  types  of 
generators  and  auxiliaries  and  mtxlern  types 
of  boilers  and  boiler  house  equijimcnl,  but 
also  to  establish  scientific  methods  of  oijcra- 
tion.  High  engineering  skill  is  required  in 
the  la\-out  of  the  slalif>n,  in  order  to  jirovide 
the  generating  cai)acity  needed  to  meet  all 
the  shop  conditions  under  varying  tempera- 
tures, and  more  or  less  constant  fluctuations 
of  load. 

Men  of  extensive  experience  are  needed 
not  only  for  the  work  of  supervision  but  for 
all  the  various  functions  of  power  house  labor 
as  well.  Insjjcction  and  care  of  generators 
and  auxiliaries,  switchboards,  instruments, 
oiling  systems,  etc.,  must  be  of  the  highest 
order.  Constant  attention  must  be  given 
to  flues  and  grates,  regulation  of  drafts, 
maintenance  of  clean,  bright  fires,  care  of 
feed  water,  etc.,  in  order  that  combustion 
may  be  complete  and  chimney  and  other 
losses  avoided  as  far  as  possible.  Careful 
consideration  should  be  given  to  the  purchase 
of  fuels  with  reference  to  the  percentage  of 
fi.xed  carbon,  volatile  matter,  sulphur,  ash, 
and  moisture,  selecting  those  fuels  which 
develop  the  highest  number  of  heat  unit 
without  too  high  a  percentage  of  sulphur  or 
ash. 

All  the  waste  materials  of  the  power  house 
at  the  Schenectady  plant  are  systematically 
reclaimed.  Cylinder  and  bearing  oils  which 
have  become  dirty  from  ser\nce  are  filtered 
and  their  life  increased  b}^  the  addition  of 
new  oil.  Cotton  waste  and  cloths  are 
washed  and  used  repeatedly  until  their  value 
is  exhausted.  Repair  parts,  piping,  valves, 
old  belting,  and  other  supplies  are  either 
retained  for  some  further  purpose  or  sent  to 
scrap.  Nothing  of  value  is  allowed  to  escape 
the  process  of  reclamation.  Even  the  cinders 
and  ashes  daily  removed  from  the  boilers  ser\-e 
a  valuable  purpose  for  the  underlying  base  of 
plant  roadways  and  trackage,  and  for  filling 
low  ground  areas. 

The  shop  foreman  has  an  important  duty 
to  perform  in  preventing  waste  of  power, 
heat,  and  light.  He  should  give  the  same 
personal  attention  to  regulation  and  control 
of  these  elements  of  shop  supply  that  he 
would  devote  to  other  routine  economies. 
Field  switches  should  always  be  opened 
and  current  cut  off  when  shop  motors  are  not 


132     February  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  2 


in  use;  proper  ventilation  should  be  main- 
tained and  valves  closed  in  order  to  save 
steam  when  the  temperature  exceeds  a  healthy 
normal;  and  lights  should  be  turned  off 
during  working  hours  when  the  radiation  and 
diffusion  of  natural  light  is  sufficient.  In 
these  and  other  ways  the  shop  foreman  can 
be  of  vast  assistance  in  preventing  power 
house  waste  and  loss. 

Destructor  and  Salvage  Plant 

The  destructor  and  salvage  building  has  a 
floor  area  of  13,500  square  feet.  There  are 
two  300-h.p.  boilers  in  the  main  section 
which  are  fed  by  refuse  and  waste  products 
collected  from  the  shops  and  yards  which  are 
not  scheduled  to  be  delivered  to  the  main 
scrap  building  or  burning  dump.  Two  trains 
of  several  cars  each  are  in  constant  operation, 
hauling  these  materials  from  the  shop  sidings 
and  platforms  to  the  building. 

Refuse  lumber  from  construction  jobs, 
repairs,  and  alterations,  incoming  boxes  from 
which  raw  materials  have  been  removed, 
broken  shop  tote  boxes,  and  other  mis- 
cellaneous waste  materials  reach  the  destruc- 
tor plant  by  the  dump  trains.  Waste 
products  of  the  carpenter  shop,  board  ends 
shavings,  sawdust,  etc.,  are  delivered  to  the 
building  by  an  overhead  conveyor.  All 
materials  of  value  are  saved  and  put  in  stock 
for  further  use  or  sent  into  the  adjoining 
salvage  building  to  be  repaired  and  returned 
to  the  shops,  as  is  the  case  with  broken  boxes. 
Much  of  the  lumber  reclaimed  is  stored  in 
piles  where  it  is  accessible  to  the  grounds  and 
buildings  organization.  The  excelsior  re- 
moved from  incoming  cases  is  baled  and 
forwarded  to  the  shipping  departments.  A 
supply  of  sawdust  is  delivered  regularlj'  to 
the  porcelain  factory  for  use  in  packing 
porcelain  insulators  and  other  parts  for 
shipment. 

The  steam  production  from  the  two  boilers 
is  delivered  to  the  shop  mains  and  amounts 
to  over  50,000,000  lbs.  annually. 

The  salvage  department,  containing  3800 
sq.  ft.  of  floor  space,  is  devoted  to  important 
reclamation  work.  The  equipment  consists 
of  a  paper  slitting  machine,  baling  press, 
band  and  rip  saws,  cinder  mill,  washer,  etc. 
Here  all  the  waste  papers  collected  from  the 
offices  are  cut  and  baled.  Incoming  boxes 
and  broken  tote  boxes  are  repaired  and 
returned  to  the  shops.  The  long  lengths  of 
boxes  in  which  copper,  brass,  and  other 
metals  are  received  are  sawed  into  sections 
of  suitable  length,  supplied  with  ends,  and 


sent  to  the  central  stock  building  and  shops 
to  be  used  in  delivering  and  handling  materials 
in  the  various  departments  about  the  plant. 
When  these  boxes  are  of  too  small  dimension 
for  the  above  purposes  they  are  carefully 
taken  apart  and  the  material  used  for  concrete 
forms,  also  for  box  repairs,  cutting  into 
ends,  side  pieces,  etc.  Second-hand  material 
is  used  exclusively  in  this  repair  work,,  and 
the  production,  as  previously  stated,  averages 
between  500  and  600  boxes  per  week. 

The  cinders  from  the  destructor  plant 
furnaces  are  put  through  the  operations  of 
reduction  and  cleaning  in  the  cinder  mill, 
and  forwarded  to  the  main  scrap  building  for 
the  extraction  of  metals. 

Cotton  waste  and  cotton  fabrics  of  various 
kinds  are  collected  and  washed  and  returned 
to  the  manufacturing  departments  and  offices, 
and  through  this  means  are  used  repeatedly 
for  cleaning,  dusting,  and  polishing. 

Inspecting  Factory  Grounds 

It  is  essential  to  establish  a  regular  system 
of  inspection  of  all  factory  yard  areas  and 
of  contiguous  grounds  about  shops,  and  to 
collect  all  materials  which  have  been  in- 
advertently left  by  workmen  on  the  com- 
pletion of  jobs.  One  or  more  men  should  be 
regularly  assigned  to  this  work.  At  the 
points  of  filling  of  low  ground  areas  (usually 
styled  the  factory  dump),  men  are  assigned 
to  the  task  of  raking  over  the  refuse  dis- 
charged by  the  dump  trains  before  it  is 
thrown  into  the  fill.  In  this  manner  any 
pieces  of  metal,  rubber,  rope,  or  other  scrap 
of  value  which  have  got  into  the  refuse 
by  accident,  are  reclaimed  and  returned  to 
the  by-products  building. 

Improved  Methods  of  Handling  By-products 

The  industrial  world  is  now  emerging 
from  a  period  of  intensive  war  production 
and  entering  upon  a  period  of  reconstruction 
and  rehabilitation  of  the  countries  which  have 
suffered  loss  and  retardation  through  the 
progress  and  devastation  of  the  war.  A 
general  speeding  up  of  industrial  processes 
will  doubtless  be  necessary  to  keep  pace  with 
the  demand  for  raw  materials  and  finished 
fabrics  which  will  be  needed  to  place  the 
world  again  on  a  stable  and  prosperous  basis 
of  economic  existence.  This  will  make  new 
and  more  scientific  methods  of  haiidling 
materials  not  only  desirable  but  essential. 
Involved  in  these  changes  will  be  the  im- 
portant question  of  improved  methods  of 
handling  factory  by-products.     Transve}-ors 
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imdiT  (Idors,  irci'iviiiK  chips  llii"()ii^;li  clniU'S 
(liivc't  fniin  parallol  linos  of  niacliiiK-  tools, 
oil  I'Xtraciors,  iru'tal  st-paralors,  cultiuK, 
l)iiii(llinK',  :ui(l  haling'  api)aratiis,  and  convc\'- 
in^  I'liuiiimcnt  of  various  kinds,  will  1)(.' 
rt'(|uiri'd  lor  collecting,  prcjiarinj,',  and  loading; 
lor  shipment  the  by-products  of  the  bif,' 
in<luslr>-  of  tlu'  future. 

UiRtnt  Call  for  Greater  Conservation 

No  appeal  to  the  manufacturer  to  save  and 
utilize  by-products  can  be  made  too  forcible 
or  too  strong.  What  we  need  throughout 
the  whole  extent  of  our  American  Republic 
today  is  to  learn  individually  and  collectively 
as  a  nation  the  vital  principles  of  economy 
and  conservation.  We  need  as  a  jjcople  to 
learn  to  save  everything — of  whatever  in- 
trinsic value — not  simply  during  the  present 
moment  of  great  world-wide  demand,  not 
simjily  during  the  coming  period  of  recon- 
struction   work,    but    for   all    time   to    come 


there  is  insistent  need  to  establish  lliosc 
jirinciples  of  thrift  and  economy  in  all  our 
industrial  undertakings  which  shall  make 
extravagance  and  wasteful  jiractices  things 
to  be  decried,  and  shall  set  a  price  of  honor 
and  credit  u])on  the  saving  of  the  so-called 
unimportant  things — the  smaller  by-jfroducls 
of  manufacturing. 

It  should  be  the  purpose  of  the  management 
of  industries,  both  large  and  small  in  all 
parts  of  the  country,  to  conserve  everything 
possessed  of  inherent  value.  The  question  of 
l)roflt  in  the  process  of  reclamation  should 
not  always  be  the  chief  or  deciding  factor. 
It  should  be  our  aim  to  render  all  the  assist- 
ance possiljle  both  to  the  national  govern- 
ment and  to  the  mills  which  manufacture 
raw  materials  or  finished  fabrics  by  con- 
serving everything  that  may  be  of  use  in 
production,  and  by  consistently  following  out 
this  principle  we  will  be  of  practical  service 
to  the  public  at  large. 


Single-collar  vs.  Multi-collar  Thrust  Bearings 
for  Propeller  Shafts 

By  H.  G.  Reist 

Alternating-current  Engineering  Department,  General  Electric  Company 

In  view  of  the  large  amount  of  shipbuilding  proposed  for  the  near  future  the  following  article  is  very- 
timely.  As  the  war  is  practically  over,  and  we  are  about  to  enter  a  period  of  commercial  reconstruction, 
probably  of  long  duration,  it  will  be  necessary  to  conserve  our  resources  in  every  possible  way  if  we  are  to 
compete  in  the  rehabilitation  of  Europe.  From  the  data  available  the  author  assumes  that  the  substituting 
of  single-  for  multi-collar  thrust  bearings  on  the  average  merchant  ship  or  transport  would  result  in  a  saving 
of  about  one  half  of  one  per  cent  of  the  total  power,  coal,  and  size  of  boUers.  The  conservation  of  fuel  alone, 
therefore,  would  be  material,  not  to  mention  the  saving  in  cargo  space  and  first  cost. — Editor. 

great  weights  in  connection  with  large  vertical 
shaft  generators  in  hydroelectric  power 
stations  has  led  to  the  consideration  of  this 
type  of  thrust  bearing  for  marine  propeller 
shafts.  Propeller  thrust  bearings  start  with- 
out load,  wiiich  is  a  very  favorable  feature 
as  compared  with  the  hydroelectric  thrust 
bearing  which  after  standing  idle  must 
start  at  approximately  normal  load.  Several 
designs  of  single-collar  bearings  have  been 
tried  on  ships,  and  the  use  of  this  type  is 
rapidly  increasing. 

It  has  been  determined  that  the  thickness 
of  a  film  of  oil  in  a  bearing  having  a  speed  of 
200  ft.  per  minute  and  a  load  of  SO  lbs. 
per  square  inch  is  of  the  order  of  0.0002  in. 
If  the  deviations  from  a  true  surface  approxi- 
mate the  thickness  of  the  oil  film,  there  is  the 
probability  that  no  film  will  exist  at  some 
places.     Also,  the  adjustment  of  the  position 


The  thrust  from  the  propeller  shaft  of  a 
ship  is  transmitted  to  the  vessel  through  a 
thrust  bearing.  There  are,  in  general,  two 
types  of  thrust  bearings  in  use;  viz.,  the 
multi-collar  horseshoe  bearing  and  the  single- 
collar  thrust  bearing.  The  former  is  usually 
known  as  a  horseshoe  bearing  on  account 
of  the  babbitted  bearing  surfaces  having  that 
general  shape  so  that  they  may  be  readily 
removed  and  replaced.  This  bearing  has  six 
or  more  collars  on  the  shaft,  and  babbitted 
plates  or  horseshoe  bearing  surfaces  are  fitted 
to  each  collar.  This  t^'pe  has  been  in  use  for 
a  long  time  and  is  found  on  the  majorit}-  of 
shijjs  today.  It  has  several  inherent  dis- 
advantages, but  as  formerly  no  equally 
satisfactory  design  was  available  this  type 
was  adopted  by  marine  engineers  as  the 
standard.  The  successful  development  of 
the  single-collar  thrust  bearing  for  supporting 
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shoe  Thrust  Bearing  for  Supporting  30,000-lb.  Thrust. 


of  the  "horseshoe"  must  be  correct  within 
this  limit  and  must  not  vary  appreciably  with 
changes  in  propeller  thrust  or  temperatures 
of  the  parts.  Otherwise,  the  metals  will 
touch  each  other  in  some  spots  and  will  be  so 
greatly  separated  in  others  that  little  load 
will  be  carried  at  these  latter  places.  In 
actual  practice,  there  are  inaccuracies  in 
fitting  and  alignment  which  result  in  a  proba- 
ble variation  of  pressures  from  zero  to  many 
times  the  average  pressure  on  the  total 
bearing  area.  It  is  frequently  necessary  to 
adjust  the  position  of  the  "horseshoes"  for 
variations  in  the  speed  of  the  vessel,  so  that 
even  though  perfect  alignment  was  once 
obtained  it  can  not  be  maintained  con- 
tinuously. 

The  difficulties  of  fitting  and  of  maintaining 
a  proper  relation  between  the  runners  and  the 
babbitted  seats  are  inherent  in  the  designs  of 

5rcriONA-A 
LOOKING  IN  DIRECTION 


rigid  multi-collar  bearings,  and  are  largely 
avoided  by  the  substitution  of  a  single-collar 
thrust  with  a  self -aligning  bearing  surface. 
With  bearings  designed  in  accordance  with 
the  single-collar  principle,  it  has  been  found 
that  the  average  pressure  per  square  inch 
can  be  greatly  increased  and  the  size  and 
weight  of  the  bearings,  and  the  losses,  much 
reduced. 

Losses 

With  the  imperfect  fitting  and  adjustment 
of  the  multi-collar  bearing  it  is  impossible  to 
maintain  an  oil  film  between  all  of  the  bearing 
surfaces,  and  the  losses  are  correspondingly 
great.  This  imperfect  lubrication  is  respon- 
sible for  the  large  coefficient  of  friction  of  the 
bearings,  which  Unwin  states  has  a  value  of 
0.035  according  to.  Tower's  experiments. 
As  mentioned  later,  W.  W.  Smith  derives  a 
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value  of  0.02  from  Tower's  c'X])crinK-iUs  lor 
bearings  in  tlio  best  condition.  In  'ral>U'  I 
IIk'  lalU-r  wiluc  bas  been  used,  l)Ul  it  should 
be  noted  that  j,'enerall_\-  the  eoellieient  will  be 
higher.  Miehell  ooneurs  in  this  o])inion, 
elaiminj;  a  ratio  of  20:1  in  the  losses  of 
multi-collar  and  sinj^lc-collar  bearinjjs. 

Referrin;,'  to  Table  I,  the  left-hand  column 
relates  to  an  ei).;ht-collar  bearin;^  which 
assuming:  a  friction  cooiricient  of  0.02,  j^ives 
a  loss  of  1 1..')  lH)rse  ])ower.  The  coefTicient  of 
friction  varies  inversely  with  the  unit  pressure; 
and  since  the  single-collar  thrust  bearing 
allows  of  high  unit  pressures,  the  logical 
procedure  is  to  make  the  bearing  surface  as 
small  as  is  consistent  with  safe  operation. 
The  pressure  selected  in  this  case  is  about 
that  generally  used,  being  300  lbs.  per 
square  inch.     The  loss  is  but  1.0  horse  power. 

It  is  difficult  to  determine  the  friction  loss 
in  the  multi-collar  horseshoe  bearings,  under 
ordinary  conditions  of  operation,  so  that 
very  little  information  is  available.  In  an 
essay  on  "Design  of  an  Ideal  Thrust  Block," 
by  C.  P.  Tanner,  in  the  Mechanical  Engineer 
of  July  14,  1916,  data  are  given  regarding  the 
losses  in  multi-collar  marine  thrust  bearings. 


TAIILK   I 

COMPARISON      OK      MULTI  COI-LAK     AND 

SINGLECOLLAK      THKUST      BEAKINGS 

FOR     A      12  KNOT      SINGLE  SCREW 

SHIP    OF     3000     HORSE     POWER 

Mullicol-  I    Sinulc-collar 
lur  BcarinK         Bearinii 


Thrust  ;It)S .".(I.OOO 

Revolutions  per  minute '.Ml 

Outside  diameter  of  bearing 

surface;  in 20 

bisido    diameter   of    bearingi 

surface;  in <  12. "> 

Number  of  collars S 

Net  area  of  bearing  surface 

minus  oil  grooves;  sq.  in.  .  .  1 ,000 

Pressure;  lbs.  per  sq.  in I  50 

Average    rubbing    speed;    ft. 

per  min [  380 

Coefficient  of  friction 0.02 

Loss;  horse  power 11.5 


5(J,000 
!)0 


12.5 
1 

lOtj 
300 

380 
0.0018 
1.00 


The  losses  are  expressed  in  percentages  of  the 
effective  horse  power  of  the  engines  on 
different  classes  of  ships  and  are  as  follows: 

Per     Cent 

Mercantile  marine 0.4 

Express  steamers  and  large  naval  boats 0.5 

High  revolution  and  small  naval  boats 0.6 

High   revolution  turbines 1.0  to   1.3 


Fig.  3.     General  Electric  Spring  Thrust  Bearing  for  30,000-lb.  Thrust.     Located  on  end  of  propeller  shaft 
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These  figures  agree  with  those  given  by 
W.  W.  Smith,  Lieutenant,  U.  S.  Navy,  in  an 
article  in  the  Journal  of  American  Society 
of  Naval  Engineers,  vol.  24  (1912),  in 
which  the  author  compares  the  ordinary 
horseshoe  thrust  block  and  a  single-collar 
thrust  bearing.  After  describing  various 
experimental  tests  on  single-collar  bearings, 
the  writer  says : 

"No  direct  observations  as  to  the  frictional 
loss  in  an  ordinary  thrust  block  have  been 
made;  but,  from  experimental  data,  such  as 
Tower's  well-known  tests,  it  appears  probable 
that  the  coefficient  of  friction  is  not  less 
than  0.02  when  the  bearing  is  in  the  best 
condition,  and  much  higher  than  this  when 
in  bad  condition.  Because  of  the  difficulty 
of  fitting  a  thrust  bearing  properly,  as 
pointed  out  below,  it  is  believed  that  in 
service  the  coefficient  is  considerably  greater. 

"In  a  30,000-h.p.  battleship,  the  horse 
power  of  the  main  engines  required  to 
overcome  the  frictional  resistance  in  an 
ordinary  thrust  bearing  would  be  146  for 
one  shaft  and  292  for  both,  the  coefficient 
of  friction  being  0.02.  Thus,  292  horse 
power,  with  the  corresponding  expenditure  of 
fuel,  is  being  constantly  developed  to  produce 
useless  work." 

On  single-collar  thrust  bearings  the  coeffi- 
cient is  much  less  and,  according  to  a  number 
of  investigations,  varies  from  0.0015  to  0.003. 
In  discussing  this  type  of  bearing  Lieutenant 
Smith  writes : 

' '  A  conservative  value  of  the  coefficient  for 
a  single-collar  marine  thrust  bearing  would 
be  0.002,  and,  for  purposes  of  comparison, 
this  value  is  assumed.  Thus,  in  the  same 
vessel  the  frictional  horse  power  would  be 
14.6  for  one  shaft  and  29.2  for  both.  This 
would  be  a  saving  of  262.8  horse  power,  or 
90  per  cent.  In  smaller  bearings  the  fric clonal 
loss  is  actually  less  but  proportionally  the 
same;  and  hence  it  is  of  equal  importance. 

"In  addition  to  the  above,  it  is  difficult  to 
construct  or  to  adjust  an  ordinary  thrust 
bearing  so  that  the  load  will  be  divided 
equally  araong  the  collars.  In  this  respect, 
an  old  bearing  is  usually  better  than  a  new 
one,  because  it  has  ground  off  the  high  places. 
These  characteristics  make  it  unsafe  to  carry 
a  high  unit  pressure  on  ordinary  thrust 
bearings,  and  in  safe  practice  it  is  usually 
limited  to  40  to  60  lbs.  per  square  inch. 
Because  of  the  difficulty  of  fitting  these 
bearings    properly,    their    action    is    erratic, 

*  Lieutenant  Smith  probably  refers  to  a  battleship  of  about 
21  knots  speed  and  a  propeller  speed  of  about  200  r.p.m. 


and  it  is  by  no  means  a  certainty  that  they 
will  run  without  heating.  The  use  of  cooling 
water  permits  considerable  heating  without 
danger,  and,  so  to  speak,  it  covers  a  multitude 
of  sins.  However,  even  with  water  cooling, 
it  is  impossible  to  predict  with  certainty  the 
action  of  the  bearing  and  to  provide  a  definite 
factor  of  safety."  * 

The  frictional  loss  of  292  horse  power  is 
approximately  1.0  per  cent  of  the  total. 
30,000  horse  power  of  the  given  engines,  and 
this  percentage  agrees  very  closely  with  that 
given  by  Mr.  Tanner.  The  frictional  horse 
power  of  29.2  for  the  single-collar  thrust 
bearing  is  one  tenth  of  that  for  the  horseshoe 
bearing,  or  0.1  per  cent  of  the  total  horse 
power  of  the  ship. 

With  the  above  data  in  mind,  it  is  proper 
to  assume  that  on  the  average  merchant  ship 
or  transport  a  saving  of  about  one  half  of 
one  per  cent  of  the  total  power,  coal,  and  size 
of  boilers  might  be  made  by  the  use  of  a  single- 
collar  thrust  bearing,  instead  of  the  multi- 
collar.  The  conservation  of  fuel  which  may 
be  made  by  the  use  of  the  new  bearings  is  of 
such  magnitude  that  the  opportunity  for 
saving  should  not  be  neglected. 

There  are  three  designs  of  single-collar 
thrust  bearings  in  operation  on  marine 
propeller  shafts;  the  Michell  thrust  bearing, 
the  Kingsbury  thrust  bearing,  and  the 
General  Electric  Company's  spring  thrust 
bearing.  The  Michell  and  Kingsbury  bear- 
ings have  segmental  blocks  with  babbitted 
rubbing  surfaces  which  have  pivotal  or  rocking 
supports.  In  the  General  Electric  Company's 
bearing,  the  thrust  from  the  shaft  is  trans- 
mitted to  a  fiexible  plate  having  a  babbitted 
surface,  and  then  through  a  multiplicity  of 
springs  to  the  bearing  housing. 

Fig.  1  shows  a  horseshoe  bearing  of  recent 
design  having  nine  collars  for  supporting  a 
thrust  of  30,000  lbs.  Fig.  2  shows  a  General 
Electric  spring  thrust  bearing  to  carry  a  load 
of  60,000  lbs.  Both  of  these  are  designed 
to  be  placed  on  the  propeller  shaft  astern 
of  the  driving  engines.  The  spring  thrust 
bearing  is  designed  to  interchange  with  an 
old-style  horseshoe  thrust  bearing,  and  is 
somewhat  larger  than  would  be  necessary  on 
a  new  installation.  In  Fig.  3  is  shown  the 
design  of  a  spring  thrust  bearing  to  carry 
a  30,000-lb.  load,  and  to  be  located  on 
the  end  of  the  propeller  shaft  in  a  housing 
integral  with  the  reduction  gear  case,  or  in  the 
motor  frame  on  an  electrically  driven  ship. 
When  placed  at  the  end  of  the  shaft,  the 
diameter  of  the  bearing  plates  is  less  which 
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reduces  the  averaj,'e  rubl)inn  sjjecd  and,  coii- 
seciiiently,  llic  friction  loss.  With  this  ar- 
ratiKenient  the  sjjace  oecupied  by  the  beariiij,' 
and  housing,  and  the  weiKht  of  these  parts, 
is  only  about  one  tenth  of  that  re(iuiri-d  for 
the  horseshoe  bearing  in  Fig-  1- 

Spring  Thrust  Bearing 

The  distinctive  feature  of  the  spring 
supi)orted  bearing,  is  that  it  will  automatically 
adjust  itself  to  insure  equal  loading  regardless 
of  inaccuracies  in  workmanshij)  or  alignment. 
The  springs  ]irovide  a  supjiort  for  the  llexiljle 
stationary  bearing  surfaces  which  will  allow 
it  to  yield  at  any  point  that  may  tend  to  be 
overloaded.  The  details  of  this  type  of 
bearing  are  shown  in  Fig.  3.  The  thrust  on 
the  rotating  collar  is  received  by  a  thin 
babbitted  plate  and  transmitted  through 
numerous  springs  to  the  bearing  housing. 
An  initial  compression  is  placed  on  the  springs 
by  means  of  washers  next  to  the  babbitted 
])iate  and  the  bolts  pass  through  the  springs 
to  a  base  jilate.  The  springs  are  compressed 
to  a  jiosition  corresponding  to  a  little  more 
than  full  load  on  the  bearing.  This  restriction 
prevents  any  axial  motion  of  the  shaft,  which 
would  take  place  with  the  changes  in  propeller 
thrust     if    the     springs    were    free.     Under 


ordinary  conditions,  the  stationary  bearinR 
surface  as  a  whole  may  be  regarded  :is  a 
solid  sujJiJort,  except  that  very  high  local 
pressures  on  the  surface  arc  relieved  by 
yielding  of  the  thin  plate  and  further  com- 
pression of  the  si)rings  behind  the  high  spots. 
The  clearance  between  the  rotating  and 
stationary  plates  on  the  idle  side  of  the 
bearing  is  about  0.01  of  an  inch. 

In  the  manufacture  of  spring-sujijjorted 
bearings,  the  babbitted  surface  does  not  need 
to  l)e  scraped  to  a  surface  ]jlate  and  therefore 
it  is  machine  finished.  The  sjjring  thrust 
bearing  will  automatically  adjust  itself  while 
running  to  variations  in  the  thickness  of  the 
bearing  plates  and  faulty  alignment.  The 
automatic  adjustment  of  the  babbitted  plate 
to  any  change  in  alignment  is  particularly 
advantageous  on  shipboard  where  a  true 
alignment  is  not  maintained  at  all  times, 
due  to  local  strains  to  which  the  ship  is  sub- 
jected. Experience  with  this  design  of  thrust 
bearing  has  proved  that  it  will  run  with 
high  unit  pressures  and  that  the  weight  is 
entirely  supported  on  the  oil  film.  A  bearing 
which  operates  under  these  conditions  has  a 
high  efficiency,  is  practically  free  from  wear, 
and  requires  very  little  attention  from  the 
operating  engineers. 
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Recent  Developments  in  Shaft  Pressing 
at  Destination 

By  N.  L.  Rea 

Construction  Department,  General  Electric  Company 

Until  recently  the  task  of  pressing  on  shafts  at  destination  has  been  accomplished  by  improvised  methods, 
few  means,  if  any,  having  been  provided  by  the  factory.  The  resulting  facilities  have  often  been  inadequate 
and  a  great  deal  of  trouble  and  delay  have  ensued  in  many  cases.  This  subject  has  been  carefully  studied  by 
erecting  engineers  and  means  have  now  been  developed  for  performing  this  operation  with  precision.  The 
methods  that  have  been  found  successful  are  described  in  this  article. — Editor. 

shaft  far  enough  to  catch  the  heads  of  two, 
three,  or  four  hydraulic  jacks,  depending 
on  the  pressure  required.  The  jacks  have 
a  common  pump  and  distributing  manifold 
and  come  in  sets  of  four.  Two  sizes  are 
available,  100  tons  each  giving  a  maximum 
of  400  tons,  and  150  tons  each  giving  a 
maximum  of  600  tons.  The  jacks  are  approx- 
imately 18  inches  high  and  have  a  travel  of 
eight  inches.  This  dimension  is  much  shorter 
than  the  usual  length  of  shaft  exposed 
when  the  fits  are  just  taking  up.  This  extra 
space  is  filled  by  blocking  cut  from  the 
shipping  skids. 

Fig.  1  shows  a  typical  pressing  job,  using 

three  150-ton  jacks  against  a  maximum  load 

of  370  tons.     Fig.  2  shows  the  disk  with  the 

standard  drilling  for  the  largest  shafts  where 

pressures  up  to   600   tons 

are  expected.     Fig.  3  shows 

drillings  adaptedf  or  smaller 

shafts.       The    large    disk 

shown  in  Fig.  2  has  been 

drilled  so  that  it  will  take 

any     of     these     standard 

drillings. 

Fig.  1  shows  four  bolts 
used  on  the  Fig.  3  drill- 
ing. This  photograph  was 
not  taken  for  publication, 
so  the  box  wrenches  were 
not  removed  from  the  bolt 
heads  and  large  nuts  were 
used  as  washers  on  the 
other  two  bolts. 

When   this   scheme  was 

first    used   a   safe   loading 

of  60  to  75  tons  per  bolt 

was  assumed.    In  one  case, 

however,  the  erecting  man 

did  not  catch  an  error  in  hub  bore  and  pressed 

on  with  an  allowance  of  seven  mills  plus,  when 

the  fit  should  have  been  three  and  a  half 

mills.     The   pressure   gauge   was   cut   oft"   to 

save  it  when  it  reached  the  top  scale  reading 

of  400  tons  some  time   before   the   pressing 


The  pressing  of  fields  or  armatures  on 
shafts  has  always  been  the  hete  noir  of  the 
erecting  engineer's  existence.  Local  facili- 
ties are  always  meager,  and  the  customer  is 
always  in  a  great  hurry  to  get  the  machine  in 
service.  On  top  of  these  troubles,  shaft 
pressing  is  one  of  those  jobs  that  has  to  go 
through  regardless.  If  you  can't  get  it  on 
you  certainly  can't  get  it  off,  for  it  may  take 
from  two  to  two  and  a  half  times  the  pressure 
to  reverse  the  shaft  or  start  it  forward  again 
after  it  has  stopped  moving  for  any  length 
of  time.  In  view  of  these  troubles,  recent 
developments  and  improvements  in  handling 
this  work  may  be  of  assistance.  The  improve- 
ments are  based  on  the  experience  of  our 
outside  erecting  engineers,  extending  over 
several  years  and  with  all  classes  of  apparatus. 


Fig.l. 


of  Parts  for  Shaft  Pressing,  employing  three  150-ton  jacks 


The  old  arrangement  of  strong  backs,  pull 
rods,  and  a  large  jack  against  the  end  of  the 
shaft  has  been  abandoned  altogether.  In- 
stead, a  large  cast  steel  disk  is  bolted  to  the 
end  of  the  shaft  by  several  23^-in.  nickel 
steel  cap    bolts.      This    disk   overhangs    the 
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This  arr;iii^;iMtu'nt  lias  nnl  oiilv  pnivcd 
oln'aiK'r,  (luii'ktT,  and  I'asiiT  tlian  tlio  usual 
prarlirc,  hul  works  nnu'li  niori'  salisfaclorily. 
The  shaft  jiuUs  in  steadily  and  silent  1\-  wilh- 
oiit  an\'  of  the  eust(imar\-  juinpin},'  and 
Kroanin.u. 

Several  new  sehemes  have  been  develi)i)ed 
for  heatiuf,'  before  i)ressin]j;,  dite  lo  the  heavy 
Ills  called  for  on  hijjli-speed  machines, 
especially  on  (lywheels.  These  were  as  hi^h 
as  0.01)7  in.  or  O.OOS  in.  steel  on  steel.  In 
one  case  0.0 II  in.  was  called  for,  steel  on 
steel.  We  thou}:;ht  these  were  too  big  to 
]nit  on  cold,  as  there  was  the  chance  that 
cutting  might  run  the  required  pressures 
bcN'oncl  the  capacity  of  any  jack  equipment. 

The  first  wheel  was  boiled  for  48  hours 
in  the  following  manner:  A  shallow  tank 
was  made  of  galvanized  roofing  iron  and  laid 
on  the  ])ower  house  floor,  and  the  field,  less 
poles,  was  placed  in  this  tank,  resting  on  small 
iilocks.  The  tank  was  then  filled  with 
water  and  covered.  Several  inches  of  sand 
was  placed  on  the  floor  around  the  tank 
and  a  small  ring  fire  kept  burning  against  the 
side  of  tank.  After  4S  hours  at  boiling 
temperature  the  field  was  lifted  out  and 
lowered    over    the    shaft,    which    had    been 


Disk  with  Drilling  for  Pressing  on 
Largest  Shaft 


blocked  in  a  vertical  position.  This  was  done 
so  that  the  weight  of  the  field  (30  tons) 
would  help  to  put  the  field  home.  It  was 
found,  however,  that  the  field  was  loose  on 
the  shaft;  in  fact,  it  was  about  eight  hours 
Vjcfore    the    field    gripped.     This    experience 


was    enlightening    and    led    lo    considerable 
planning  on  other  jobs. 

The  next  job  undertaken  was  a  "lO-lr)!! 
Ilywheel.  Natural  gas  was  available,  but 
we  Wert'  afraid  that  heating  by  flame  might 
cause    unc\in    exjiansion    and    distort    the 
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Fig.  3.     Drillings  for  Smaller  Shafts 

wheel.  We  therefore  decided  that  steaming 
was  the  simplest  and  safest  process,  as  this 
would  give  uniform  heating.  The  coldest 
part  of  the  wheel  condenses  the  most  steam 
and  thus  automatically  equalizes  the  tem- 
perature. 

The  flywheel  was  blocked  on  its  edge  and 
enclosed  in  a  box  made  from  the  packing 
case  lumber.  This  box  was  held  together 
at  the  comers  with  wedges  so  that  it  could 
be  dismantled  quickly.  A  M-in.  steam  pipe 
was  led  into  the  box,  the  box  covered 
with  tarpaulins,  and  steam  turned  on  untd 
it  showed  slightly  through  the  tarpaulins. 
This  heating  was  continued  for  36  to  -48 
hours  before  starting  the  assembly. 

The  shaft  diameter  was  used  as  a  check  and 
showed  0.015  in.  clearance,  or  a  total  expan- 
sion of  0.022  in.  The  shaft  was  then  pulled 
in  with  a  chain  hoist  instead  of  using  the 
pressing  rig.  The  rig  was,  of  course,  con- 
nected up  ready  for  instant  use  in  case  of 
emergency. 
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Recently  we  had  occasion  to  put  two  large 
direct-current  armatures  on  a  shaft.  The 
shaft  was  35  in.  in  diameter,  and  pressing 
cold  was  expected  to  require  a  maximum 
pressure  of  approximately  600  tons.  These 
armatures  were  unboxed  and  prepared  for 
assembly.  Several  large  iron  grid  rheostats 
were  borrowed  from  the  motor  control 
equipment  and  placed  in  the  bore  and 
between  the  spokes. 

The  armatures  were  covered  with  tarpaulins 
and  the  temperature  under  the  tarpaulins 
held  at  SO  deg.  C.  for  several  days.  Tests 
showed  ample  clearance  and  the  shaft  was 
pulled  in  with  a  5-ton  chain  hoist,  the  shaft 
being  partly  carried  by  the  crane. 


In  this  case,  as  in  the  other  one  men- 
tioned, the  jacking  equipment  was  erected 
and  tested  beforehand  so  that  it  was  ready 
for  immediate  use  in  case  of  need.  This 
heating  also  assisted  in  drying  the  armature 
windings. 

The  above  examples  have  served  and 
probably  will  continue  to  serve  as  a  basis  of 
many  variations  to  meet  local  conditions. 
Couplings  have  been  boiled  in  iron  wash 
tubs,  or  steamed  in  a  packing  case.  Hub 
bolts  for  large  generators  are  also  boiled  for  a 
shrink  fit.  This  gives  much  better  results 
than  heating  with  fire.  There  is  no  chance 
of  scaling  or  burning,  and  the  shrink  on  all  the 
bolts  is  found  to  be  alike. 


Calculation  of  Short-circuit  Currents  in 
Alternating-current  Systems 

By  W.  W.  Lewis 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

The  value  of  being  able  to  calculate  short-circuit  currents  in  large  power  networks,  in  order  to  provide  and 
set  suitable  protective  devices,  has  long  been  recognized.  However,  the  mathematical  methods,  used  in  the  past 
for  securing  the  data  necessary  to  this  end  were  laborious  and  often  impossible  of  application  in  the  more  com- 
plicated cases.  The  solution  of  these  difficulties  lay  in  the  development  of  the  calculating  table  described  by 
the  author.  With  this  device,  the  complicated  problems  of  the  central  station  can  be  set  up,  and  adequate 
data  secured  to  show  the  weaker  points  of  the  system  which  can  then  be  easily  strengthened.  The  author 
illustrates  the  method  of  solving  a  number  of  these  problems  in  a  very  comprehensive  manner. — Editor. 


Present  day  power  networks  are  growing 
extremely  large  as  compared  with  former 
standards.  There  are  a  number  of  systems 
with  100,000  to  200,000  kv-a.  in  generating 
capacity,  and  systems  of  1,000,000  kv-a.  are 
planned.  Owing  to  the  war  and  the  stimulus 
of  the  Fuel  Administration,  a  great  many 
neighboring  systems  are  interconnecting  by 
tie  lines  of  more  or  less  current  carrying 
capacity. 

Short  circuits  on  such  large  power  systems 
throw  a  tremendous  duty  on  oil  circuit 
breakers  and  cause  heavy  mechanical  strains 
in  the  transformers,  busbars,  etc.  It  is 
therefore  important  to  be  able  to  calculate 
the  short-circuit  currents  that  may  exist 
on  such  systems  in  order  to  select  the  proper 
circuit  breakers,  and  to  devise  relay  schemes 
that  will  act  selectively  to  cut  out  that  portion 
of  the  system  which  is  in  trouble. 

Various  methods  of  making  these  calcula- 
tions have  been  proposed.  They  are  nearly 
all  based  on  the  assumption  that  the  limitation 
of  the  short-circuit  current  is  due  almost 
entirely  to  the  inductive  reactance  of  the 
circuit  and  that  the  effect  of  resistance  and 


capacitance  reactance  are  negligible.  That 
this  is  true  has  been  shown  by  calculation, 
the  effect  of  thus  neglecting  the  resistance 
and  capacitance  reactance  being  to  give  a 
somewhat  larger  short-circuit  current  than 
would  be  obtained  were  they  considered. 
This  assumption  also  greatly  simplifies  the 
calculation  as,  instead  of  having  to  add 
impedances  at  various  phases  angles,  re- 
actances only  need  be  added  and  these  are 
all  in  phase. 

Simple  networks  may  be  calculated  mathe- 
matically. For  complicated  networks,  the 
mathematical  calculation  becomes  very 
laborious  and  in  most  cases  is  absolutely 
impractical.  In  such  cases  it  is  necessary 
to  resort  to  a  mechanical  or  electrical  cal- 
culator. All  the  methods  are  based  on  the 
same  principle  which  is  briefly  as  follows: 

The  self-inductive  reactance  of  the  various 
generators,  transformers,  power-limiting  re- 
actors, and  lines  is  determined  and  reduced 
to  reactance  drop,  usually  expressed  in 
percentage  of  the  voltage  from  line  to  neutral. 
In  order  to  have  the  percentage  reactance 
of  the  various  pieces  of  apparatus  directly 
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additive,  it  is  necessary  to  reiluce  them  to  a 
common  base;  i.e.,  an  arhilrary  value  of 
kilovolt-am])eres  is  assumed  as  basj  and 
the  percciitaRe  reactance  of  a  i)iece  of  api)ara- 
tus  is  increased  or  decreased  in  projiorlion 
to  the  ratio  of  tlic  basic  kilovolt-amijcres  to 
the  rated  kilovolt-anipcrcs.  Tlie  total  com- 
bined reactance  from  the  j^encrators  to  the 
short  circuit  is  then  found  and  it  is  assumed 
that  the  short -circuit  current  flowing  throut,'h 
this  total  reactance  produces  KM)  per  cent 
voltaf:;e  drop  from  the  j:;enerator  neutral 
to  the  point  of  short  circuit.  Thus,  if  the 
total  reactance  is  100  per  cent  a  current 
equal  to  normal  or  basic  current  will  flow. 
For  any  other  reactance,  the  current  that 
flows  will  be  as  many  times  nomial  as  100 
divided  by  the  total  reactance.  The  short- 
circuit  current  may  be  expressed  in  amperes 
or  kilovolt -amperes;  the  kilovolt-amperes 
being  the  product  of  the  short-circuit  current 
by  the  normal  voltage,  which  is  the  voltage 
existing  at  the  beginning  of  the  short  circuit 
or   after  the   short   circuit   has   disappeared. 

Station  I 


3.3% 


J  05% 


WWW       * '" 

OZ.5% 


Station  Z 

Fig.  1.     Short  Circuit  Problem 

Short  circuit  at  .\ 
Basic  value  10.000  k\--a. 

This  kilovolt-ampere  value  is  rather  a  fic- 
titious quantity  but  is  quite  useful  in  com- 
paring the  short-circuit  current  with  the 
rated  current  of  the  system;  both  currents 
being  multiplied  by  the  voltage  of  the  system 
and  expressed  in  kilovolt-amperes. 


An  example  will  he  useful : 

Assume  a  network  as  shown  in  Fig.  1. 
The  various  portions  of  the  circuit  have  the 
])er  cent  reactance  indicated,  all  ba.sed  on 
10,000  kv-a.  Stations  No.  1  and  No.  2  are 
generating  stations,  each  containing  a  number 


»\,     5Hr)i 
f     Sill 


IICOOC  Vtll  Buz 


Fig.  2.     Short  Circuit  Problem 
Short  circuit  at  A 
Basic  value  45.000  kv-a. 

of  generators  with  a  combined  reactance 
as  shown.  For  a  three-phase  short  circuit 
at  A,  the  short-circuit  kilovolt-ampere  value 
is  found  as  follows: 

6.2  -1-3      =9.2 

3. .3   -1-1. .52  =4.82 

1 


9.2  ^4.82 

3.16-1-3.54  = 

=  6.7  Total  reactance  of  cir- 
cuit from  Station  No.  1 
to  short  circuit. 

1.43-f0.75  = 

=  2.18 

1 

=  0.685 

1      -fl 
2.18       1 

0.6854-1.6 

=  2.285 

1 

=  1.215 

2.285     2.6 

1.215-f0.765  =  1.9S 

1.98  +  7.44-2.5  =  11.88  Total  reactance  of 
circuit   from   Sta- 
tion Xo.  2  to  short 
circuit. 
1 


100 
4.29 


=  4.29     Combined    reactance 

. i from  Stations  Xos.  1 

11.88  and  2  to  short  circuit. 

X  10,000  =  23.3  X  10,000  = 

233,000  k\^-a.  at  short  circuit 
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The  proportion  of  this  amount  furnished  by 
Station  No.  1  and  Station  No.  2  may  be 
found  as  follows : 

^  =  0.1490 


6.7 


=  0.0842 


11.88 

0.1490+0.0842  =  0.2332 


Station  No 
0.1490 


Table  Showing  Method  of  Mounting  Rheostats, 
Ammeters  and  Terminal  Blocks 


X  233, 000=  149,000  kv-a. 


0.2332 
Station  No.  2  = 

0  0842 

JJ^^X233,000=    84,000  kv-a. 

In  like  manner,  the  proportion  of  these 
kilovolt-amperes  that  flows  over  each  in- 
dividual portion  of  the  circuit  may  readily 
be  determined.  The  kilovolt-amperes  divided 
by  the  normal  voltage  will  give  the  amperes 
flowing  under  short  circuit. 

Fig.  2  shows  a  more  complicated  network 
in  which  a  number  of  generators  feed  a 
common  bus  at  points  separated  by  busbar 
reactors.  The  percentages  of  reactance  given 
are  based  on  45,000  kv-a.  The  short  circuit 
occurs  at  point  A. 

The  solution  of  this  problem  is  rather 
involved.  It  may  be  accomplished  by  setting 
up  a  number  of  simultaneous  equations  based 
on  the  assumption  that  the  initial  voltage 
of  all  the  generators  is  equal,  and  that  the 
total  voltage  is  consumed  from  an^?  generator 
neutral  to  the  short  circuit,  together  with 
the  law  that  the  currents  flowing  toward  a 

"Reactance  and  Short-circuit  Current" 
lERAL  Electric  Review,  August  19  IS, 


point  are  equal  to  the  currents  flowing  away 
from  the  point.  The  more  or  less  laborious 
solution  of  these  equations  will  give  the 
currents  flowing  in  the  various  circuits  for 
the  short  circuit  at  one  particular  point. 
If  a  short  circuit  at  another  point  is  to  be 
considered,  a  new  set  of  equations  must  be 
set  up  and  solved.  Where  much  of  this  class 
of  work  is  done,  it  is  highly  desirable  to  have 
a  simpler  and  quicker  means  of 
solving  these  problems.  This  is 
afforded  by  the  so-called  "calcu- 
lating table,"  described  in  the 
October  1916  General  Elec- 
tric Review,  page  901.  The 
problem  of  Fig.  2  has  been  solved 
in  this  manner  with  the  results 
indicated. 

By  means  of  the  calculating 
table  a  miniature  representative 
system  may  be  set  up  and  a 
short  circuit  placed  on  it  at  any 
point ;  current  being  read  in  any 
element  of  the  circuit.  For  the 
studj^  of  relay  settings,  a  set  of 
readings  may  be  taken  from 
which  it  is  determined  that  a 
certain  switch  should  open.  This 
switch  may  be  opened  on  the 
table  and  a  new  set  of  readings  taken  and 
this  process  repeated  until  the  short  circuit 
is  cleared.  The  original  table,  Fig.  3, 
described  in  the  October  1916  General 
Electric  Review  was  found  inadequate  for 
some  of  the  complicated  modern  sj'stems 
and  it  has  since  been  enlarged  as  shown  in 
Fig.  4.  This  photograph  was  taken  with  the 
table  set  up  for  the  study  of  a  large  proposed 
transmission  network. 

The  current  lo  obtained  by  the  method  of 
calculation  described,  represents  instan- 
taneous amperes  or,  more  correctly  speaking, 
the  effective  initial  value  of  the  alternating 
component  of  the  short-circuit  current,  and  if 
the  wave  is  symmetrical  about  the  zero  axis, 
this  is  the  initial  effective  or  root-mean-square 
value  of  the  wave  of  total  current.  If  the 
short  circuit  takes  place  at  no  load  and  at 
such  a  point  on  the  voltage  wave  that  the 
current  wave  is  completely  offset  above  or 
below  the  zero  axis,  the  initial  effective  value 
of  the  wave  of  total  current  is  1.73  times  the 
symmetrical  value,  or  \/~3  lo*.  At  full  load 
this  valve  is  somewhat  less.  As  there  is  a 
possibility^  of  the  short  circuit  taking  place 
at  any  point  of  the  voltage  wave  between 
zero  and  the  maximum,  thus  giving  a  current 
wave  completely  offset,  symmetrical  or  any- 
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wlirrc  lu'lwnn  Ihrse  oxlrcnu's,  il  is  iiccT'ssary 
to  lir.urc  111!  the  worst  conililinii  or  inilial 
I'llrclixi'  \:ihu' 111' (niiTcnl  ri|u:il  In  \    .;  /„. 

Im'oih  this  \:iliu'  llir  niiTrnl  ilrri-cascs  to  a 
foiistaiil.  oi'  sustaiiu'd  value  in  ai)oul  two 
to  Ihrc'c"  seconds,  as  shown  !)>■  cnuAa'S  ^'ivcn 
in  tho  pai)cr  entitled,  "Rating  and  Selection 
of  Oil  Circuit  Breakers,"  by  Messrs.  Hewlett, 
Mahoney,  and  Burnham,  .4  I.E.E.  Proceed- 
ings, Feliruary  lUlS,  which  curves 
were  reiiroduced  in  Mr.  Doherty's 
article  i)re\-iousl\'  mentioned. 

As  shown  by  Mr.   Doherty,  tlic  |||.^ 

current  /o  ntay  be  found  b\-  divid-  iVi^MV 

ins  E,  the  elTective  value  of  the  le;.;  St^W^f' 

voltage,  by  the  sum  of  A'o,  the  total  S^^ " 

self-inductive  reactance  i)er  leg  of 
the  i^enerator  in  ohms,  or  transient 
reactance,  and  A'r.v,  the  total  self- 
inductive  reactance  per  leg  of  the 
apparatus  external  to  the  generator, 
such  as  transformers,  reactors,  and 
lines. 

Likewise,  the  sustained  current  Is 
may  be  found  by  dividing  £,  the 
effective  value  of  the  leg  voltage, 
by  the  sum  of  A'j,  the  sustained  or 
synchronous  reactance  of  the  gen- 
erator (i.e.,  the  self-inductive  react- 
ance plus  the  armature  reaction), 
and  A'„,  the  total  self-inductive  re- 
actance of  the  apparatus  external 
to  the  generator. 

In    order    to    combine    external 
reactance    with    sustained    react- 
ance    of     the     generator,     it     is 
necessary  that   both  values  be  expressed  in 
the    same    terms,    a   convenient   base   being 
normal  voltage  and  current.     The  normal  per 
cent  sustained  reactance  of  the  generator  = 

— -. — -  in  which  J„  is  the  normal  current  and 

Isc  the  short-circuit  current  corresponding  to 
Fi,  the  excitation  for  normal  no-load  voltage 
on  a  straight-line  magnetization  curve.  If 
the  short  circuit  occurs  when  the  generator 
is  operating  under  load  conditions,  the  excita- 
tion ¥■>  will  be  greater  than  F\  and  the  short- 
circuit  current  corresponding  to  the  combined 
external  and  generator  reactance  must  there- 
fore be  increased  in  the  ratio  F->  :Fi. 

It  is  obvious  that  the  field  setting  of  each 
generating  station  must  be  known  in  order  to 
apply  a  correction  to  the  sustained  reactance 
for  calculating  the  sustained  short  circuit. 

The  curves  in  Messrs.  Hewlett,  Mahoney, 
and  Burnham's  paper  give  effective  or  root- 
mcan-square    values    of    the    unsymmetrical 


wave;  tlie  curves  being  based  on  the  condi- 
tion that  the  alternator  is  carrying  full  load 
at  NO  i>er  cent  jiower-faclor.  In  our  Figs.  1 
and  2,  the  value  calculated  is  the  cfTeclive  or 
root-niean-S(|uare  value  of  the  symmetrical 
waveal  tile  beginningof  theshortcircuit, based 
on  instantaneous  or  transient  reactance.  This 
value  may  be  connected  with  the  cur\'es  in  the 
Institute  jiajjer  in  the  following  manner: 


Fig.  4.     Calculating  Table  Arranged  for  Transmission  Line  Study 


In    Fig.    2    the    total    rated    capacity    in 

generators  Nos.  1  to  5  inclusive  is  212,000 

kv-a.  and  at  the  point  of  short  circuit  561,000 

kv-a.     The  total  reactance  is 

'?12  000 

3^3^^X100  =  37.8  per  cent 

Interpolating  on  Figs.  2  and  3  of  the  Institute 
paper  between  the  curves  of  30  and  40  per 
cent  reactance,  we  find  the  short-circuit 
current  in  say  0.2  seconds  to  be  2.44  times 
normal,  and  2.44  times  212,000  equals 
518,000  kv-a.  In  three  seconds  the  short- 
circuit  current  is  1.75  times  212,000  which 
equals  371,000  kv-a.  In  this  example,  there- 
fore, we  have  the  following  values  based  on 
no-load  conditions: 

Instantaneous  effective  value,  symmetrical 
wave 

Jo  =  501,000  kv-a. 

Instantaneous  effective  value,  unsymmetri- 
cal wave 

1.73  Jo  =  962,000  kv-a. 
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Peak  value  first  half  cycle,  unsymmetrical 
wave 

2v'"2lo=  1,590,000  kv-a. 

Also  the  following  values  based  on  full  load 
80  per  cent  power-factor  conditions : 


f-250Voit—M°rTa 


\  100%  o 
M/WWWWVVv-' 
Line  Rheostat 
Fig.' 5.      Manner  of  Connecting  One  Generator,  One 
Line,  and  One  Auxiliary  Rheostat  of  Calculating 
Table  Illustrated  in  Fig.  S 

Effective  value  at  0.2  seconds  =  5  IS, 000  kv-a. 

Effective  value  at  three  seconds  (practically 
sustained)  =371,000  kv-a. 

The  effective  values  at  various  other 
lengths  of  time  may  likewise  be  found. 
These- are  useful  in  determining  the  amounts 
the  switches  are  called  upon  to  rupture  with 
different  relay  settings,  while  the  peak 
vakie  2\/^  lo  is  the  value  that  must  be 
considered  in  determining  short-circuit  forces. 

A  calculating  table.  Figs.  6  and  7,  has  been 
built  for  one  of  the  large  power  companies 
embodying  many  convenient  features  not 
incorporated  in  the  table  shown  in  Figs.  3 
and  4.  Connections  are  made  between  the 
rheostats,  representing  the  different  elements 
of  the  system,  by  means  of  telephone  jacks 
and  receptacles.  The  ammeter  is  connected 
to  a  bus  with  the  wiring  so  arranged  that  the 
current  in  any  element  of  the  system  may  be 
read  by  simply  pressing  a  key.  This  table  is 
designed  for  operation  on  125/250-volt,  three- 
wire  direct  current,  125  volts  being  normal. 
The  feature  of  sustained  short  circuit  is 
taken  care  of  by  having  auxiliary  rheostats  of 
one  thirtieth  the  resistance  of  the  generator 
rheostats.  By  means  of  these  auxiliary  rheo- 
stats, the  voltage  of  each  generator  may  be 
regulated  from  normal  to  100  per  cent  above 
normal,  thus  giving  the  effect  of  increased 
field  setting  for  full-load  conditions.  It  is 
obvious  that  the  effect  of  automatic  voltage 
regulators  may  also  be  taken  care  of  by  this 


feature.  Fig.  5  shows  diagrammatically  the 
connections  for  one  generator,  one  line,  and 
one  auxiliary  rheostat. 

The  calculating  table  described  in  the 
preceding  paragraph  is  complete  in  all  its 
details,  and  readily  makes  possible  the 
determination  of  short-circuit  currents  in 
complicated  power  networks. 

A  comparison  of  this  calculating  table  with 
those  shown  in  Figs.  3  and  4  will  indicate 
its  many  improvements,  not  only  in  ap- 
pearance but  particularly  in  .the  simplicity  of 
connecting  it  up  for  a  transmission  system 
problem,  and  the  making  of  the  necessary 
test  readings  for  the  problem's  solution. 

All  the  previous  remarks  refer  to  three- 
phase  short  circuits.  Single-phase  short  cir- 
cuits require  a  somewhat  different  and  more 
complicated  treatment.  The  case  of  a  short 
circuit  due  to  a  ground  on  one  line  of  a 
grounded  neutral  system  has  been  treated 
briefly  by  the  writer  in  an  article  entitled, 
"Short-circuit  Currents  on  Grounded  Neutral 
Systems,"  Ctener,\l  Electric  Review,  June 


Fig.  6.     Front  of  Improved  Calculating  Table 
Built  for  a  Large  Power  Company 

1917,  p.  524,  and  it  is  hoped  that  this  subject 
may  be  gone  into  more  fully  in  the  near  future. 
In  the  paper  just  referred  to  mention  was 
made  of  the  possible  effect  of  line  capacitance 
on  the  currents  flowing  when  the  system 
was    short-circuited    from    line    to    neutral. 
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Snllli.'  U'SlS  li.l\t'  siiu'c  liccil  llKiili-  nil  ;i 
1  l(l,()(l(l-\(ill  lI■;msllus^.illn  line  wliicli  show 
iIk'  iiR'St'iu'i'  111'  sucli  c-a|i;u'ilanri-  t'um-nts. 
Tlu'  tests  in  (|iH'sti()n  wcw  maiK-  with  a 
i:!,:)()()-kv-a,,  (UiOO-voU  j^i-iKTalor,  a  i;5, .")()()- 
k\--a.  transl"i)riiu'v  hank  sU'])])iiij;  U])  from 
(IC.OO  volts  delta  to  1  10, ()()()  volts  V,  the 
lii^^h-voltaj;;o  neutral  hein^;  j^roundcd,  and 
\  arious  len};;ths  of  o])en  transmission  line. 
Short  eircuits  were  made  by  jilaein^j  a  j^round 
on  one  eoniluctor  or  by  short -eircnilinj.: 
between  two  conductors;  the  short  circuit 
usualh'  beinj:;  ])laced  near  the  ,t;enerating 
station.  In  some  cases  the  current  read  on 
the  uni;rt)undcd  or  unshort-circuitcd  line 
e(|uallcd  or  exceeded  that  on  the  short- 
circuited  line.  With  a  certain  combination 
of  generator,  transtormcr,  and  transmission 
line,  an  interesting  case  of  resonance  was 
noted ;  i.e.,  with  the  generator  and  transformer 
liank  and  about  oO  miles  of  line  the  curve  of 
charging  current  of  the  ungrounded  or 
unshort-circuited  line  rose  to  a  sharp  peak, 
the  \-alues  decreasing  with  shorter  and  longer 
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Fig.  7.     Back  of  Improved  Calculating  Table 
Built  for  a  Large  Power  Company 

lines.  This  is  shown  in  Fig.  S,  which  gives 
the  short-circuit  current  and  charging  current 
for  the  two  conditions : 

(a)  Short     circuit,     bottom     to     middle 
conductor. 

(b)  Ground  on  bottom  conductor. 


'I'hc  iieak  in  the  charging  current  curve  is 
jirobably  due  to  irijile  freciucncy  resonance 
caused  by  the  lilieralinn  of  a  third  l)arin<mic 
eomponent  of  voltage  lietwuen  lines.  'I'his 
occurs  because  the  third  harmonic  com- 
])onents  of  the  leg  voltages  of  the  generator 
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Fig.  8.     Short  Circuit  and  Charging  Currents  on  Transmission 

System  Consisting  of  One  13.500-kv-a.  Generator.  One 

13,S00-kv-a.  Transformer  Bank  with  Grounded 

Neutral,  and  Various  Lengths  of  Line 

no  longer  neutralize  each  other,  owing  to 
the  partial  collapse  of  the  leg  voltage  under 
short  circuit.  This  is  confirmed  by  calcula- 
tion of  the  natural  frequency  of  the  generator, 
transformer  bank,  and  various  lengths  of  line. 
This  calculation  shows  that  the  natural 
frequency  of  the  generator,  transformer,  and 
50  miles  of  line  is  about  ISO  cycles,  which  is 
three  times  the  normal  frequency  of  this 
system.  Thus,  if  there  were  a  third  harmonic 
of  voltage  present  under  these  conditions, 
resonance  would  result.  The  effect  of  this 
charging  current  in  some  cases  is  of  sufficient 
importance  to  be  taken  into  account  when 
considering  the  operation  of  relays. 
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Methods  for  More  Efficiently  Utilizing  Our 
Fuel   Resources 

PART  XXIV.     THE  USE  OF  ELECTRIC  POWER  IN  THE 
MINING  OF  ANTHRACITE 

By  J.  B.  Crane 
Lehigh  Power  Securities  Company,  Allentown,  Pa. 

This  paper  gives  figures  as  to  the  power  cost  and  current  consumption  of  anthracite  mines  and  the  rea- 
sons for  these  being  in  excess  of  the  requirements  of  bituminous  mines.  Estimates  are  also  given  as  to  the 
additional  coal  that  will  be  released  by  the  electrification  of  the  anthracite  mines.  Illustrations  are  included 
showing  representative  installations  of  electric  drive. — Editor. 

The  production  of  anthracite  in  the  United  equipment.     Also,  the  margin  of  profit  due 

States    during   the    past    five    years    was    as  to  the  better  organization  of  the  producers 

follows:  was   higher   and   the   necessity   of   economy 

Total  Gross  in  production  had  not  been  brought  home  to 

Y^"                                                          81  809'782  ^^^™-  '^^^^  ^^^  ?^™?  ■^°^'^^- 

jyj^ 8l'58o'479  "^he  anthracite  industry,  therefore,   offers 

1915  ....  ] 791803^374  greater  opportunities  for  the  further  applica- 

1916 78,406,387  tion   of   electric   power   than   can   be   found 

1^^'' 89,720,982  ^^  ^j^g  bituminous  coal  mining  industry.     The 

The  undeveloped  beds  are  to  such  a  large  principal  gains  which  will  follow  are :  ' 

extent    owned    or    controlled    by    the    large  1.     Less  coal  consumed  for  operation, 

producers,  that  no  extensive  opening  of  new  2.     Increased  production, 

mines  has  taken  place  in  recent  years  nor  is  3.     Less  labor  required, 

to  be  expected  in  the  near  future.  4.     Better  living  conditions  for  employees. 
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In  the  bituminous  fields  there  are  many 
independent  holdings  and  when  the  coal 
business  was  flourishing  many  new  com- 
panies were  formed  and  opened  up  mines, 
using  electric  drive,  mainly  on  account  of 
lower  first  cost  for  installation  of  machinery. 
The  resulting  economies  were  such  as  to 
force  the  former  steam-operated  mines  to 
electrify,  even  where  it  was  necessary  to 
throw  away  expensive  steam  equipment. 

Coal  producers  are  conservative  and,  not 
having  the  many  examples  of  successfully 
operated  electrified  mines  before  them,  the 
anthracite  operators  have  been  slower  to  see 
the  benefits  to  be  derived  and  the  economies 
to  be  effected  by  throwing  out  their  steam 
equipment    and    replacing   it   with   electrical 


The  anthracite  operators  are  at  the 
present  time  keenly  alive  to  this  fact  and  are 
making  every  effort  to  take  advantage 
of  the  improvements  to  be  made  by  electrifica- 
tion of  their  mines,  but  are  handicapped  by 
the  difficulty  of  securing  electrical  equipment 
and  by  the  impossibility  of  securing  sufficient 
power  from  the  central  stations  supplying 
power  to  the  anthracite  regions. 

The  mines  that  have  been  electrified  show 
some  surprising  results.  The  figures  in 
Table  I  are  taken  from  a  paper  read  before 
the  A.I.M.E.  (Economy  of  Electricity  over 
Steam  for  Power  Purposes  in  and  about 
Mines,  by  R.  E.  Hobart,  Feb.  18,  1918). 

When  it  is  remembered  that  the  value  of  the 
coal  burned  with  steam  operation  has  more 
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than  (l(>ul)li'»l  and  thai  tlic  (>iit])Ul  of  (.oal  i)cr 
man  per  year  c'nii)I()yed  has  increiisc-il  from 
.MO  tons  to  ()I7  tons  it  will  he  seen  that  the 
fiKuri's,  larv,'e  as  the>-  are,  re])resenl  only 
])arl  of  the  savinj;  to  be  elTeeted. 


re(|uire(l  for  vcnlilalioii,  ijuantily  of  water 
to  be  i)umi)ed  as  well  as  the  head  i)uni])ed 
a>,'ainsl,  and  amount  of  work  necessary 
to  ])rei)arc  coal  for  market.  The  writer 
three    years   a;,'o   secured    fij,'urcs   frf>m   over 


Fig.  2.      An  Electric  Shovel.      Current  supplied  through 
100-kw.,  4000,  40-volt  transformers 


Some  other  figures  obtained  and  given  in 
Table  II  are  interesting  as  showing  costs 
of  electrification,  power  used,  etc. 

Mine  No.  2  had  a  boiler  plant  of  SOO  h.p., 
used  900  tons  of  coal  per  month,  and  11  men 
have  been  put  to  other  work  about  the  mine. 
The  output  will  be  largely  increased  this  year 
as  the  investment  provides  for  additional 
equipment  not  yet  in  operation. 

Mine  No.  1  has  no  pumping,  hence  the 
low  kilowatt-hour  per  ton  mined. 
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Fig.  3.     Typical  Anthracite  Mine  Load 


The  best  figures  that  the  writer  has  yet 
been  able  to  obtain  indicate  that  12  kw-hr. 
per  gross  ton  of  coal  mined  is  the  average  figure 
for  an  anthracite  mine.  This  is  of  course 
subject  to  wide  variations  in  individual  cases 
on  account  of  depth  of  mine,  amount  of  air 


50  bituminous  mines,  and  it  is  interesting 
to  note  that  the  average  kilowatt -hour  per 
gross  ton  mined  w-as  3.57. 

The  less  power  required  for  mining  bitumi- 
nous coal  is  due  to  various  causes,  among 
which  may  be  mentioned: 

Depth  of  Mine 

Bituminous  mines  in  many  cases  are 
situated  above  the  tipple,  so  that  the  coal 
is  brought  to  the  surface  on  level  tracks, 
and  from  this  point  is  loaded  into 
the  cars  by  gravity,  while  the 
anthracite  mines  are  from  300  ft. 
(91.4  m.)  to  1000  ft.  (304.S  m.)  in 
depth  and  all  of  the  coal  has  to  be 
raised  to  the  surface  and  from 
there  to  the  breaker. 
Pumping  of  Water 

The  anthracite  mines  have  more 
water  and  this  has  to  be  elevated 
from  the  lowest  level. 
Ventilation 

In  spite  of  the  fact  that  there  is 
less  volatile  matter  in  anthracite 
there  is  generally  more  gas  to  be 
taken  from  the  mine,  and  a  larger 
amount  of  ventilation  has  to  be 
provided  for  and  the  additional  space  used  for 
shafts,  etc.  has  to  be  ventilated. 

Preparation 

The  breaker  of  the  anthracite  mine  requires 
more  power  as  the  coal  is  sized  to  a  greater 
extent  than  is  bituminous  coal. 
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One  anthracite  mine  had  meters  installed 
for  the  different  services  for  one  year  and  the 
average  figures  in  Table  III  were  obtained. 

This  represents  .38  per  cent  on  an  invest- 
ment of  $36,000,000. 

At  the  present  time  the  mining  companies 
are  prosperous  and  are  installing,  as  rapidly 
as  possible,  electrically  driven  machinery 
for  increasing  production  and  cutting  down 
the  requirements  for  labor.  They  cannot 
at  this  time  secure  the  material  for  power 


This  mine  produced  558,394  tons  for  the  year. 

If  we  assume  12  kw-hr.  per  ton  of  coal 
produced,  there  would  have  been  required 
in  1917  if  all  the  coal  had  been  produced 
electrically 1,076,652,000  kw-hr. 

There  was  actually  used  in  1917  in  elec- 
trically operated'  anthracite  mines  from 
central  station  and  mine  plants 215,000,000 

Total  kw-hr.  necessary  to  produce  remainder 

of  coal  electrically 861.652,000 

At  the  present  time  ten  per  cent  of  the  coal 

produced   is   used   to    provide   power   to 

mine    the    remainder.     There    are    some 

very  bad  cases,  at  one  colliery  400  tons  of 

coal  is  burned  in  the  boiler  plant  for  every 

1000  tons  of  coal  shipped.  The  above  ten 

per  cent  does  not  include  the  coal  used  at 

central  stations  so  that  to  produce  the 

89,720,982  tons  in  1917  there  was  burned 

under  boilers 8,972,000  tons 

In  large  stations  we  can  produce  one  kw-hr. 

for    2.5    lbs.    of    small    anthracite    coal 

(2.5  X861, 650.000  divided  by  2240) 965,000 

There  would  be  released  tor  sale 8,007,000  tons 

At  one  colliery  2.5  per  cent  of  the  men  were 
released  by  electrification.  There  are  em- 
ployed in  the  anthracite  region  150,000 
men.  If  2.5  per  cent  are  released  by  elec- 
trification this  makes  a  total  of  3750  nien 
additional  which  would  be  put  to  mining 
coal.  Each  man  produces  550  tons  per 
year  so  we  should  get  additional  (550  X 
3750) ,..:....         2,062,500 

Additional  coal  produced  by  total  electrifica- 
tion        10,069,500 

The  cost  of  providing  for  this  is  estimated  as 
follows: 

Additional  kw-hr.  required 861 ,652,000 

At  40  per  cent  load-factor  this  represents 

a  station  capacity  of 394,000  kw. 

Cost  of  plant  at  S7'5  per  kw S29, 550,000 

Transmission    and    distribution    lines    250 

miles  at  $5000 1,250,000 

$30,700,000 
Substation   and  mine  installations  900,000 

h.p.  at  S40  per  h.p $36,000,000 

The     savings    to     be     effected     would     be 

10,069,500  tons  of  coal  at  $2  per  ton  ...  .  20,139,000 
Reduced   mining  cost  700,000,000  tons  at 

7  cents  per  ton 4,900,000 

$25,039,000 
870.000.000  kw-hr.  (861,652,000  ■ 
plus    losses)    at    11    mills   for 
current  delivered  at  mine.  .  .  .  $9,570,000 
Depreciation    five    per    cent    on 

$36,000,000 1,800,000 

11.370.000 

$13,669,000 


houses,  and  the  central  stations  are  prevented 
from  supplying  this  power  by  the  impos- 
sibility of  securing  the  necessary  capital 
to  add  to  their  facilities.  It  is  suggested 
that  means  should  be  found  for  supplying  the 
amount  required  to  finance  additions  to 
these  plants  so  that  the  vital  needs  of  this 
industry  for  power  can  be  met. 


Cost  of  power .... 
Cost  of  heating .  .  . 

Total 

Tons  of  coal  mined 
Cost  per  ton 


Steam 
Operation 
April  1914 


Electrical 
operation 
Nov.  1916 


April  1915        Nov.  1917 


$46,992  I     $21,590 
Included 
in  above  '         8,700 


$46,992  !     $30,290 

343,665        435,073 

$0,137        ,$0.0696 


Gross  tons;  yearly 

Kw-hr.  consumption 

Kw.  demand 

Annual  load-factor 

Kw-hr.  per  ton  mined 

Kv-a.  trans,  capacity 

H.p.  connected 

Cost  of  electrification 

Cost  per  h.p.  connected 

Per  cent  kw-hr.  per  pumping 
Average  depth  of  mine 


641,533 

2,312,195 

870 

30.4 

3.6 

2,000 

2,400 

$134,500 

56.04 

656  ft. 
(198.1m.) 


670,000 

3,477,876 

1,135 

35 

5.2 

3,500 

2,535 

$325,000 

128.20 

50 

800  ft. 

(243.8m  ) 


TABLE  III 


Operatic 


Haulage 

Ventilation 

Drainage 

Lighting  (inc.  charging  station) 

Hoisting 

Air  compressor 

Breaker 


Kw-hr.  per 
gross  ton 
of    coal 
produced 


1.73 
1.62 
1.30 
0.12 
1.02 
2.11 
4.75 


12.65 


\4U 

PART  XXV.     THE  NEED  FOR  A  CONSTRUCTIVE  ECONOMIC  POLICY 
IN  DEVELOPING  THE  COAL  PRODUCTS  INDUSTRY* 

l}y  ('.  ("i.  CilMiKRl-  ami  J.  IC.  I'odl'li 

niVISIIlN     dl'     MiNl-.UAl.    'TlA  lINDI.dl.Y,     U.    S.     NATlr)NAI.    MlJSKUM 

Coal  constitutes  over  a  third  of  the  country's  freight.  Efficient  transportation  calls  for  the  full  utilization 
of  llu'  Tiuiterial  hauled.  Coal  is  not  only  a  source  of  energy;  it  is  also  a  source  of  many  valuable  mineral 
proiltu'ts.  luonomic  conditions  have  been  such  that  American  industry  has  neglected  opportunities  for 
nuilliiilo,  or  by-product,  production.  This  field  has  only  recently  been  fully  opened,  and  the  complexities 
incident  to  the  development  of  secondary  industries  to  utilize  the  by-products  call  for  a  constructive  economic 
policy. —  Editor 


Relation  of  Power  to  Transportation 

The  United  States  places  special  emphasis 
uijon  the  use  of  power.  With  national  pros- 
l)erity,  abundance  of  resource  wealth,  and 
dearth  of  labor,  American  industrial  enter- 
prise has  nattirally  turned  to  the  creation  of 
labor-saving  machinery  and  provided  for  its 
efficient  employment  through  the  medium 
of  standardized  volume-production.  To  sup- 
port this  situation,  this  country  consumes 
nearly  half  of  the  world's  output  of  coal  and 
over  half  of  the  total  production  of  petroleum, 
not  to  mention  the  employment  of  water 
power,  natural  gas,  and  minor  sources  of 
power. 

This  unprecedented  consumption  of  power, 
of  course,  places  a  heavy  strain  upon  trans- 
portation, both  directly  by  virtue  of  the 
bulk  of  the  power  materials  to  be  moved — 
coal  alone  represents  over  a  third  of  the 
country's  freight — and  indirectly  in  respect 
to  the  haulage  of  materials  and  products 
involved  in  the  industrial  processes.  The 
responsibility  thus  falling  upon  transportation 
is  added  to  in  further  degree  by  the  size  of  the 
country. 

Since  power  is  a  mineral  derivative,  the 
mineral  industries  provide  a  logical  field  for 
comparison.  The  efficient  transportation  of 
mineral  products  calls  for  the  full  utilization 
of  the  material  hauled.  American  economic 
practice  has  regarded  this,  along  with  the 
advance  elimination  of  weight,  as  a  matter 
to  be  left  to  industrial  determination  and 
application.  This  policy  is  natural  enough 
and,  in  general,  works  out  satisfactorily, 
for  the  two  principles  are  complementary. 
What  is  usable  at  the  manufacturing  end 
obviously  determines  what  represents  value 


and  non-value  at  the  raw  material  .source; 
conversely,  the  degree  of  separation  prac- 
ticable at  the  source  specifies  the  range  of 
material  for  which  use  is  to  be  sought.  The 
whole  epoch-marking  development  in  the 
field  of  by-product  manufacture  finds  much 
of  its  stimulus  in  the  effort  to  derive  returns 
from  what  would  otherwise  be  the  waste  in 
transportation.  But,  with  certain  notable 
exceptions  offered  by  some  of  the  large 
industrial  combinations,  there  is  much  to  be 
desired  and  little  to  be  proud  of,  so  far  as 
American  achievement  in  this  direction  goes. 
The  superfluous  transportation  that  results 
from  the  failure  at  the  mantifacturing  end 
to  make  full  utilization  of  the  whole  range  of 
values  held  in  the  raw  material  hauled 
amounts  to  many  millions  of  tons  each  year. 
Instances  are  plentiful  where  the  loss  is  due 
to  a  blind  nonrecognition  of  opportunity 
on  the  part  of  the  interests  directly  concerned. 
But  in  the  main  the  default  rests  upon  the 
inadequacy  of  American  economic  practice, 
which  relies  upon  competition  and  the 
automatic  working  of  the  natural  law  of 
supply  and  demand  to  bring  all  good  things 
to  pass,  neglectful  of  the  fact  that  in  the 
by-product  realm  supply  is  conditioned  other- 
wise than  by  demand,  that  pending  the 
creation  of  a  proportionated  demand  the  dis- 
crepancy of  overweight  on  the  side  of  supply 
is  rejected  as  waste. 

In  such  manner  have  three  principles  of 
transportation  developed.  In  the  realm  of 
common  carriage  by  railways,  competition  has 
been  found  to  be  out  of  place  and  is  no 
longer  relied  upon,  community  interest  taking 
its  place.  In  the  realm  of  advance  prepara- 
tion, competition  has  proved  eft'ective  and 
its  free  operation  there  is  desirable.  In  the 
realm  of  full  utilization,   competition  alone 
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has  been  unable  to  achieve  adequate  results; 
and  the  need  for  constructive  help  to  make 
competition  effective  here  is  coming  to  be 
recognized. 

FULL  UTILIZATION  OF  POWER  MATERIALS 
Role  of  Mutiple  Production 

The  power  materials  are  coal,  oil,  and  water, 
and,  in  the  present  connection,  it  is  desirable 
to  examine  how  fully  the  amount  transported 
is  utilized.  Water,  of  course,  is  not  carried 
considerable  distances  for  purposes  of  power 
generation  and  therefore  presents  no  problem 
in  this  connection.  Oil,  on  the  contrary,  is 
in  part  inadequately  utilized,  but  this  matter 
involves  many  complexities.*  This  limits 
our  consideration,  under  the  present  head,  to 
coal. 

Current  demand  calls  for  the  annual 
transportation  and  distribution  of  about 
700,000,000  tons  of  coal  and  the  demand  is 
increasing  at  the  rate  of  some  50,000,000 
tons  each  year. 

Primarily  this  enormous  amount  of  coal  is 
now  consumed  in  order  to  gain  the  energy 
contained  in  it,  all  else  being  disregarded. 
But  coal  is  something  more  than  energy  in 
material  form;  it  is  also  a  source  of  many 
valuable  mineral  products.  Indeed,  it  is  a 
veritable  treasure  house  of  values,  in  this 
regard  far  surpassing  any  other  type  of 
mineral  substance,  with  the  possible  exception 
of  petroleum.  Upward  of  a  thousand  coal 
products  are  in  use  today,  some  of  them  filling 
needs  less  conspicuous  but  every  bit  as 
vital  as  that  for  fuel.  And  the  development 
is  still  in  its  infancy.  A  few  years  ago  and 
few  of  these  products  were  known.  Chemical 
vision  can  see  no  limit  to  the  further  unfold- 
ment  in  prospect.  The  boundary  to  this 
field  is  like  the  horizon,  always  in  sight  but 
never  to  be  reached.  There  can  be  no  full 
utilization  of  coal  which  fails  to  take  these 
matters  into  account. 

At  the  present  tim.e  a  very  small  proportion 
of  the  coal  consumed  is  adequately  used. 
Putting  to  one  side  anthracite,  which  has  an 
energy  value  merely  and  therefore  yields  a 
reasonable  service  in  its  crude  state,  and 
counting  off  about  one  twelfth  of  the  bitumi- 
nous coal,  the  portion  subjected  to  by-product 
recovery  in  connection  with  the  manufacture 
of  coke,  we  find  that  there  still  remains  each 
year ,  in  round  numbers  a  half  billion  tons  of 
coal  which  are  consumed  in  the  raw  condition 
with  a  total  loss  of  the  commodity  values  and 
an  incomplete  recovery  of  the  energy. 

*  These  will  be  treated  in  a  future  article  of  the  series. — Ed. 


The  question  naturally  arises,  ■  why  this 
preponderant  inadequacy  in  coal  utilization? 
This  is  no  simple  matter  to  explain :  the  reply 
that  the  individual  user,  whether  an  industry, 
a  community,  or  a  householder,  finds  it 
cheaper  to  consume  raw  coal  than  to  dispose 
separately  of  its  various  values  is  true,  but 
superficial.  That  procedure  is  not  cheaper 
for  the  users  in  the  aggregate;  also  there  is 
no  lack  of  technological  knowledge  requisite 
to  fuller  recovery  of  the  values  in  coal. 
The  shortcoming,  then,  cannot  be  due  to 
lack  of  desirability  or  to  lack  of  technique. 
The  default  must  be  credited  against  economic 
conditions.  And  since  the  United  States 
in  the  past  has  possessed  no  activities 
engaged  in  shaping  and  stimulating  industrial 
developments,  the  responsibility  reduces  itself 
to  the  fact  that  industrial  enterprise  has  not 
seen  fit  to  go  into  the  matter.  Either  the 
opportunity  has  not  been  apprehended  or 
industrial  enterprise,  cognizant  of  the  situa- 
tion, has  not  been  interested.  The  latter  is 
undoubtedly  the  true  explanation.  For  this 
lack  of  industrial  initiative  a  blend  of  several 
factors  is  responsible.  In  the  first  place, 
America  has  been  full  of  opportunities  for 
volume  production,  and  consequent^  business 
enterprise  has  not  been  forced  by  the  stress 
of  narrowing  industrial  opportunities  to 
turn  to  the  far  more  complex  field  of  multiple, 
or  by-product,  production;  only  where  the 
opportunities  afforded  in  this  direction  were 
outstanding  and  marked  has  the  inducement 
been  responded  to,  as  in  the  case  of  by- 
product coking,  petroleum  refining,  etc. 
Secondly,  any  given  project,  on  contemplating 
the  prospect,  faced  a  situation  in  which  the 
establishment  of  production  would  yield  by- 
products, the  consumption  of  which  required 
other  industries  which  in  turn  would  con- 
tribute other  products  calling  for  still  further 
activities ;  hence  a  project  at  the  source  w^ould 
undoubtedly  see  their  contemplated  output 
ranging  off  into  hypothetical  regions  not  yet 
established;  while  a  project,  viewing  the 
matter  further  out,  would  regard  its  proposed 
position  as  bearing  some  reseinblance  to  an 
island  in  a  sea  of  nondevelopment.  The 
requisite  reach  of  co-ordination  was  evidently 
not  self-accredited  on  the  part  of  industrial 
enterprise.  Then,  again,  the  field  has  opened 
up  fully  only  of  late,  so  that  the  full  measure 
of  the  opportunitjr  has  not  been  long  standing. 

In  addition  to  these  considerations,  there 
has  been  no  competitive  spur  to  action. 
The  loss  represented  in  the  wasteful  con- 
sumption of  raw  coal  was  not  felt  by  anj' 
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Kivoii  inilustry.  since  the  ])racticc  was 
univiTsal  and  the  cost  under  this  head  was 
a  more  or  less  uniforin  item  wliieh  was  shifted 
in  its  enlirel\-  to  the  shoulders  of  the  con- 
siiniin>;  i)ul)lio.  The  need  for  advance  was 
also  not  }jenerally  appreciated,  inasmuch  as 
there  was  i)lent^y  of  fuel,  transportation 
ditliculties  liad  not  loomed  up,  coal  ])roducts 
could  be  purchased  from  Germany,  nitrate 
could  be  imported  from  Chile,  and,  in  j^'cneral, 
the  whole  matter  of  coal  was  taken  for  granted. 

Hence  industry  had  no  ])articular  incentive 
for  entering  into  a  new  field  which,  while 
large,  was  intangible;  moreover  industry, 
under  the  old  order,  faced  decided  limitations 
in  its  recognized  inability  to  construct  a 
proportionated  demand  for  the  whole  range  of 
prospective  products.  On  the  other  hand 
the  public,  which  was  actually  paying  the 
cost  of  the  inadequacy,  but  under  a  disguised 
heading,  did  not  see  its  concern  in  the  matter, 
nor  was  public  interest  represented  by 
machinery  charged  with  acting  on  popular 
behalf;  the  Federal  Government,  lacking  the 
pressure  of  public  opinion,  did  not  take  up 
the  issue.  So  the  course  of  progress  was 
short-circuited,  and  the  tremendous  possi- 
bilities in  our  unrivaled  coal  resources  remain 
today  practically  untouched.  The  industrial 
progress  of  this  country  has  been  sustained 
by  the  mining  of  an  ever  increasing  quantity- 
of  coal,  until  the  very  bulk  of  the  total  has 
become  a  critical  weakness  in  this  country's 
industrial  life. 

Such  is  the  situation.  The  utilization  of 
coal  is  wasteful  from  beginning  to  end,  the 
wastefulness  is  a  matter  of  uniform  practice 
not  subject  to  improvement  through  avenues 
of  individual  enterprise,  and,  contrary  to 
general  notions,  it  is  the  public  at  large,  not 
industry  itself,  which  stands  the  loss  from  the 
shortcomings  in  the  situation  and  which  is, 
therefore,  primarily  concerned  in  its  better- 
ment. 

Improvement  in  coal  utilization,  then,  can- 
not be  relied  upon  to  come  from  industrial 
stimulus  alone,  but  must  be  brought  into 
effect  as  the  result  of  public  interest  in  the 
matter.  The  means  for  starting  toward 
this  accomplishment  have  been  set  forth* 
as  lying  in  the  direction  of  enlarged  municipal 
gas  plants  which  will  handle  all  the  coal 
needed  by  the  community  with  the  pro- 
duction of  solid  fuel,  gas,  and  the  by-products, 
ammonia,  benzol,  and  tar. 
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Through  the  princii>lc  of  multijile 
])roduction,  therefore,  coal  can  Ije  forced  to 
render  up  its  full  ciuota  of  ser\'ire.  This  is  a 
new  economic  force,  fine  scarcely  recognized 
as  yet  as  a  i)rinciple  which  may  be  construc- 
tively apjilied.  ^'et  the  princijjle  of  multiple 
jiroduction  has  been  gaining  headway  for 
years  and  by  means  of  it  the  multijjlying 
needs  of  man  are  being  met  from  practically 
a  stationary  range  of  raw  materials.  The 
r61e  of  multiple  production  is  rajjidly  en- 
larging; it  rejjresents  a  iirincijile  that  must 
come  into  i)lay  more  and  more  to  relieve 
the  strain  falling  upon  natural  resources  and 
transjiortation.  Through  the  agency  of 
chemical  knowledge  it  serves  to  create  a 
divergence  of  products,  each  the  starting 
])oint  of  a  second  diverging  series.  The 
principle  of  multiple  production  is  pecuharly 
applicable  to  coal  and  oil;  only  by  the  use  of 
this  principle,  brought  into  effective  action 
under  the  guidance  of  a  constructive  economic 
policy,  can  adequate  value  be  extracted  from 
these  power  materials. 

The  principle  of  multiple  production  and 
the  principle  of  electricity  are  the  two  most 
important  economic  forces  that  have  come 
into  play  during  the  current  industrial 
order.  Nothing  since  the  introduction  of 
steam  power  can  be  compared  with  either  of 
them  in  significance. 

Of  the  two,  electricity  has  made  the 
greater  headway;  multiple  production  has 
not  yet  found  an  opening  outside  the  confines 
of  the  coke  industry  and  has  succeeded  in 
pre-empting  only  half  of  that  field.  The  gas 
industry  weighs  but  lightly  in  this  connec- 
tion as  it  consumes  only  about  one  per 
cent  of  the  bituminous  coal  production,  and 
in  this  field  multiple  production  has  scarcely 
started.  The  principle  of  multiple  pro- 
duction, however,  spells  the  future — ^the  only 
future,  but  that  a  great  one — for  the  gas 
industry. 

In  the  realm  of  power  these  two  great 
agencies  of  economic  advance  are  exactly 
complementary.  Together  they  present  a 
sohition  for  the  transportation  aspects  of 
the  power  problem,  not  to  mention  their 
bearing  in  other  regards.  The  principle  of 
multiple  production  enables  the  full  utilization 
of  the  whole  range  of  values  transported 
in  the  form  of  coal.  Electricity  makes  it 
possible  to  transmit  energy  where  energy 
alone  is  required  and  thus  frees  the  ordinary 
channels  of  transportation  of  a  needless 
burden  of  bulk  haulage. 
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luu'li  iK'W  coin  L'iiiriu\'  iilaccd  ;it  our  <lis- 
jiosul  is  at  first  imioli  talked  alxiiil  and  liij^lilx' 
valued,  but  its  conlinucd  use  and  the  arrival 
of  newer  objeets  of  interest  sooner  or  later 
rob  it  of  the  attention  and  a])])recialion  it 
deserves.  At  one  time,  the  watch  was  a 
possession  of  which  the  owner  was  ]jrotid 
indeed;  but  today  it  is  simply  ])art  of  our 
personal  ])araphemalia  and  we  consult  it 
without  giving  conscious  thoui^'ht  to  the 
timepiece  itself,  but  only  to  the  objci't  of  our 
interest  "the  time." 

The  introduction  of  such  puljlic  utilit\'  ser- 
vices as  city  water  supply,  scwaj^c  removal, 
and  gas,  electricity  and  telephone  con- 
nections have  each  in  turn  claimed  public 
interest;  and  the  average  householder  has 
progressively  found  it  to  his  advantage  to 
utilize  them  for  he  cannot  j^roduce  them 
himself,  or  cannot  produce  them  as  cheaply, 
for  his  own  individual  use.  However,  as  with 
most  of  our  other  every-day  possessions, 
they  have  become  so  familiar  to  us  through 
their  constant  utilization  in  daily  activities 
that  we  have  relegated  them  to  the  back- 
ground of  our  conscious  thought  and  there 
unfortunately  they  usually  remain  dis- 
regarded. 

Now  that  the  hostilities  of  the  great  con- 
flict in  Europe  have  ceased,  and  after  having 
been  "fed  up"  on  things  military,  industrial, 
and  maritime,  we  can  with  relief  turn  otir 
attention  again  to  our  homes — homes  that 
through  the  victorious  efforts  of  our  allies  and 
ourselves  have  been  saved  from  the  devasta- 
tion of  war. 

The  four  leading  articles  of  this  issue  have 
been  especially  prepared  to  present  the 
v'arious  features  which  electric  service  affords 
in  the  operation  of  a  home.  While,  by 
reason  of  familiarity,  the  subject  may  appear 
commonplace  to  some  of  us  who  follow  the 
electrical  profession,  it  will  be  distinctly 
worth  our  while  to  pause  and  read  of  the 
results  which  have  been  achieved  by  those 
who  make  it  their  business  to  brighten  the 
home  and  minimize  the  labor  of  its  main- 
tenance. 

There  is  probably  no  type  of  establishment 
which  offers  a  more  varied  field  of  application 


for  electric  devices  than  does  tlie  household. 
Ii  can  economically  and  efiiciently  utilize  the 
energy  of  central-station  service  in  the  form  of 
light,  heat,  and  ])ower — and  also  in  the  jiro- 
duction  of  "cold."  Furthermore,  its  imjjor- 
tancc  is  indicated  by  the  amount  of  its 
])urchase  of  electrical  a])])liances  and  electric 
service  which,  while  made  up  of  small  indi- 
\idual  units,  aggregates  an  enormous  total. 

The  average  householder  would  perhaps 
be  astonished  to  learn  that  the  comj^any 
which  furnishes  his  electric  ser\'icc,  and 
which  to  him  is  represented  only  by  an  office 
and  by  a  few  cables  in  the  street,  is  but  one 
of  some  ooOO  similar  organizations  the 
investment  in  which  is  rated  at  three  billion 
dollars.  This,  however,  is  probably  to  be 
expected  when  it  is  considered  that  most  of  the 
consumers  never  see  the  generating  station, 
since  it  is  located  at  some  distant  point. 
These  stations,  in  the  larger  of  which  is 
sometimes  concentrated  sufficient  power  to 
operate  a  fleet  of  eight  of  the  largest  and  most 
])owerful  battleships  afloat,  supply  some 
fifty  million  persons  with  the  benefits  of 
electric  service  and  yet  are  so  efficient  that 
their  fuel  requirements  for  this  service  are 
supplied  by  less  than  four  per  cent  of  the 
total  coal  consumption  of  the  country. 

Electric  service  was  first  introduced  into 
the  home  for  the  purpose  of  furnishing  an 
improved  illuminant;  and,  during  the  years 
that  have  followed,  experts  have  placed  at 
our  disposal  highly  efiScient  incandescent 
lamps  and  almost  endless  varieties  of  fixtures 
with  which  to  obtain  any  desired  illumination 
effect.  One  of  the  outstanding  problems, 
however,  that  remain  in  the  art  of  applied 
illumination  is  the  avoidance  of  glare;  and 
consequently  much  care  must  be  exercised 
in  the  selection  of  lamps  and  fixtures  to 
eliminate  the  cause  of  this  evil. 

While  the  utilization  of  electricity  in  the 
forms  of  power  and  heat  followed  considerably 
after  its  introduction  for  lighting,  remarkably 
rapid  progress  has  been  made  in  the  develop- 
ment and  adoption  of  domestic  electric  power 
and  heating  appliances,  as  is  amply  demons- 
trated by  the  two  articles  on  these  subjects 
in  this  issue. 
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Electricity  in  Household  Service 

PART  I.     THE  SOURCE:   THE  CENTRAL  STATION 

By  H.  C.  HoYT 

Lighting  Department,  General  Electric  Company 

In  a  recent  report  on  Public  Service  securities,  we  read  that  "electricity  is  one  of  the  great  potential  factors 
of  the  universe,  and  electrical  development  is  probably  making  greater  strides  than  any  other  branch  of  science 
or  adjunct  of  civilization."  Electricity  is  grandly  impressive  in  the  big  things  it  does,  but  the  wonder  of  it 
lies  in  its  ability  to  serve  at  the  same  time  the  more  intimate  needs  of  the  home.  It  lights  thousands  of  humble 
cottages  with  the  same  incomparable  light  that  shines  forth  in  the  most  pretentious  mansions — a  light  that 
far  surpasses  in  simplicity,  convenience,  and  quality  any  illuminant  that  served  the  kings  of  old.  This  is  its 
commonest  household  use;  but  at  a  small  cost  this  versatile  agent  may  be  made  to  perform  the  many  chores 
that  are  a  drudge  to  housekeepers.  Some  of  the  ways  in  which  electricity  can  be  employed  in  the  home  are 
outlined  and  illustrated  in  this  series  of  articles. — Editor. 


The  phenomenal  growth  of  the  central 
station  industry,  since  its  modest  beginning 
in  1880,  amply  proves  the  assertion  that  it 
has  now  become  a  necessity  in  the  economic 
life  of  the  country  second  in  its  importance 
only  to  our  transportation  systems.  There 
are  today  in  the  United  States  5500  central 
stations  doing  an  annual  business  of  well 
over  $500,000,000,  and  supplying  service 
to  something  over  9,000,000  consumers, 
5,800,000  of  whom  are  lighting  customers. 
The  total  output  of  central  stations  for  1917 
was  approximately  28,000,000,000  kw-hr., 
over  half  of  which  was  developed  by  hydro- 
electric power.     The  growth  of  the  industry 


Twenty  years  ago  only  about  two  per  cent 
of  the  total  electrical  energy  in  the  country 
was  supplied  by  central  stations.  Today 
approximately  33  per  cent  is  purchased  from 
central  station  systems,  furnishing  power  for 
approximately  10,000,000  h.p.  in  electric 
motors. 

It  has  been  estimated  that  fully  70  per 
cent  of  the  population  of  the  country  is  iii 
some  way  affected  by  the  use  of  electrical 
energy.  On  the  basis  of  five  persons  to 
the  average  family,  central  stations  directly 
serve  a  population  of  approximately 
50,000,000,  and  this  is  accomplished  at  an 
expenditure   of   less   than   four   per   cent   of 


Total  Number  Central  Stations 

Investment  in  Construction  and  Equipment . 

Total  Number  of  Employees 

Total  Gross  Income 

Total  Income  from  Electric  Service 

Total  Generator  Capacity  in  Kilowatts 

Total  Kilowatt-hour  Output 


3,620 

$504,740,000 

30,326 

$85,701,000 

$84,187,000 

1,212,000 

2,507,051,000 


4,714 

.$1,096,914,000 

47,632 

$175,642,000 

$169,615,000 

2,709,000 

5,862,276,000 


5,221 

$2,175,678,000 

79,335 

$302,116,000 

$286,981,000 

5,135,000 

11,532,963,000 


5,500 

$3,000,000,000 

125,000 

$550,000,000 

$500,000,000 

9,000,000 

28,000,000,000 


*  Approximate. 

during  the  last  15  years  may  be  judged  from 
the  statistics  given  in  Table  I. 

There  are  about  11,000  communities  in  this 
country  where  electricity  is  available  for 
service  in  the  home  as  light,  heat,  or  power, 
as  against  3500  communities  which  are  served 
with  either  natural  or  artificial  gas. 

In  1907,  the  average  candle-power  of 
incandescent  lamps  was  IS  and  the  average 
wattage  was  52.  In  1917  the  average 
candle-power  had  increased  to  48  and  wattage 
decreased  to  48;  or,  in  ten  years,  a  gain  of 
over  200  per  cent  in  the  amount  of  light 
obtained  for  a  given  cost.  In  1917,  there 
were  sold  165,000,000  large  size  incandescent 
lamps  and  75,000,000  miniature  lamps. 


the  total  coal  consumption  of  the  country. 
Only  about  one  per  cent  of  the  total  coal  out- 
put is  used  for  electric  lighting. 

In  these  days  when  every  endeavor  is  being 
strained  toward  maximum  production  and 
the  conservation  of  our  resources,  the 
economies  offered  by  central  station  servace 
are  a  source  of  pride  to  all  those  connected 
with  its  maintenance.  In  the  larger  plants, 
less  than  two  pounds  of  coal  are  required  for 
the  production  of  one  kw-hr.  of  energy; 
while  in  the  small  industrial  plant  where  the 
generating  of  electrical  energy  is  in  the 
nature  of  a  by-product,  it  requires  from 
15  to  20  lb.  of  coal  to  produce  the  same 
amount    of   electrical   energy.     The    natural 
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result  is  ;i  iK'cidi'd  tnulciicy  lowanl  llif 
•forcible  closiiij;  down  of  these  small  ])laiUs 
and  the  transferring;  of  their  load  to  central 
station  sxsleins  as  an  essential  ])arl  in  our 
fuel  eeononiy  i)oliey  of  today.  In  addition 
to  this,  many  of  our  larj^er  systems  are  hein^,' 
interconnected  in  order  to  secure  the  advan- 
ta>;c  of  a  more  imiform  load  throu};;h  the 
balancing  of  the  maximuni  demands  of  one 
locality  against  the  smaller  retiuiremcnts  of 
another  district  during  the  same  hours  and 
to  permit  the  full  utilization  of  hydraulic 
{lower  in  spite  of  variations  in  seasonal  flow- 
on  adjacent  watersheds. 

In  the  small  municijial  plant  or  central 
station  generating  energy  for  ])urcly  lighting 
load,  it  has  been  estimated  that  half  of  the 
entire  generating  capacity  is  required  for 
service  only  one  tenth  of  the  time.  In  other 
words,  fully  50  per  cent  of  the  plant  equip- 
ment is  held  in  reserve  or  operated  only 
about  two  and  one  half  hours  a  day.  A 
comi^arison  of  this  estimate  with  statistics 
for  the  larger  systems,  serving  a  diversified 
load  for  lighting,  street  raihvay,  and  industrial 
power,  is  startling.  In  1917,  a  total  of  45 
of  the  largest  central  stations  generated  over 
21,750,000,000  kw-hr.,  or  nearly  SO  per  cent 
of  the  total  output  for  the  entire  country. 
Included  in  this  number  were  such  plants 
as  the  hydroelectric  stations  at  Niagara  Falls 
which  operate  on  a  nearly  continuous  24-hour 
power  load,  and  steam  plants  similar  to 
those  of  the  Public  Service  Company  of 
Northern  Illinois  which  supplied  only  about 
nine  per  cent  of  its  total  output  for  residence 
service. 

It  is  this  large  capacity  in  generating 
equipment,  lying  idle  much  of  the  time, 
w^hich  prevents  further  reduction  in  lighting 
rates  by  small  stations.  On  the  other  hand,  it 
is  the  combining  of  power  loads  by  day  and 
lighting  loads  by  night  which  enables  the 
large  central  station  to  utilize  a  greater 
proportion  of  the  generating  equipment  con- 
tinuously, and  not  only  to  reduce  their 
lighting  rates  but  to  oft'er  power  rates  for 
manufacturing  purposes  at  a  figure  with  which 
the  small  industrial  plant  cannot  compete. 

Still  another  potent  reason  for  the  develop- 
ment of  large  central  stations  is  in  the  matter 
of  efficiency.  The  average  efficiency  for  the 
conversion  of  mechanical  to  electrical  or 
electrical  to  mechanical  energy  is  90  per 
cent,  and  this  percentage  is  considerably 
increased  for  large  units.  In  fact,  as  high  as 
96  or  97  per  cent  has  been  reached  in  some 
of  the  largest  generators. 


Ill  the  iransformalion  of  heat  from  burning 
fuel  into  mechanical  energy  the  efliciency  is 
much  less,  due  to  the  inherent  limitation  that 
the  nu-chanicid  energy  developed  can  he  no 
greater  than  the  ratio  of  the  absolute  steam 
tciiiper.-itiirc  utilized  in  the  boiler  to  the  .'utual 


Fig.  1.  The  first  large  steam  turbine  5000  kw-  was  installed 
in  a  Chicago  central  station  in  1903.  After  years  of  excep- 
tionally satisfactory  service,  it  was  replaced  by  very  much 
larger  and  more  efficient  turbines,  and  now  stands  in  front 
of  the  turbine  building.  General  Electric  Company,  Schenec- 
tady, N-  Y..  as  a  monument  to  the  achievement  of  its  day. 

range  of  temperature  utilized  in  the  steam 
engine  or  turbine.  Here  again,  however,  large 
units  approach  much  more  nearly  to  the  ideal 
condition,  and  especially  is  this  true  in  the 
case  of  steam  turbines.  The  first  large 
steam  turbines  used  in  this  country  were 
installed  in  Chicago  in  1903.  They  were  of 
the  vertical  type,  with  a  capacity  of  5000  kw., 
and  were  guaranteed  to  give  a  Rankine 
cycle  efficiency  of  50.2  per  cent.  In  recent 
years  35.000-kw.  horizontal  turbines  have 
been  installed  which  were  guaranteed  to  give 
an  efficiency  of  76.3  per  cent.  These  latter 
units  developed  an  over-all  thermal  efficiency 
of  10.15  and  20.75  per  cent  respectively. 
Probably  the  highest  efficiency  ever  secured 
for  large  reciprocating  engines  was  in  the 
case  of  the  horizontal-^-ertical  cross-compound 
engines  of  the  New  York  Edison  Company, 
which  developed  a  Rankine  cycle  efficiency 
of  56.2  per  cent.  But  this  efficiency  cannot 
even  be  approached  in  smaller  units. 
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The  margin  which  still  exists  between  peak 
load  and  average  load  is  illustrated  by  the 
typical  load  curves  shown  in  Figs.  2  and  3, 
which  represent  practically  maximum  condi- 
tions for  two  of  the  larger  central-station 
systems.     Fig.  2  also  illustrates  the  propor- 


central  station  show- 
gated  demands  of  various 


tion  of  the  total  load  furnished  for  railways, 
other  utility  companies,  and  commercial  light 
and  power.  Fig.  3,  in  addition  to  being  a 
typical    load    diagram,    shows    the    reserve 


capacity  in  generating  units  held  to  meet 
emergency  conditions  and  to  insure  continu- 
ity of  service. 

In  its  best  sense,  the  central  station  sells  not 
power  but  service,  and  it  is  the  ability  to 
furnish  this  service  at  any  and  all  times  which 
is  mainly  responsible  for  the  growth  of  this 
industry.  Not  only  must  reserve  capacity 
in  generating  units  be  installed,  but  usually 
multiple  transmission  lines  are  necessary 
from  the  generating  stations  to  the  dis- 
tribution centers.  In  the  case  of  large 
thickly  populated  districts,  these  multiple 
lines  are  expanded  to  form  an  inter-connected 
net  work,  tying  in  the  various  power  and 
substations  so  that  not  only  can  the  load 
be  equitably  divided  between  the  generating 
stations,  but  in  case  of  trouble  on  any  feeder 
circuit  power  can  still  be  transmitted  over 
other  lines  to  the  same  center  of  distribution. 
In  addition  to  this  interconnection  of  main 
feeders,  the  distributing  lines  are  also  inter- 
connected wherever  the  density  of  population 
renders  such  a  course  feasible. 

Some  conception  of  the  tremendous  amount 
of  power  which  must  be  handled  can  be  gained 
from  a  realization  of  the  fact  that  in  some 
centra]  stations  there  is  concentrated  a  total 
of  nearly  one  quarter  of  a  million  horse  power. 
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Fig.  3.  The  ability  of  the  large  central  station  to  furnish  an  unfailing  service  to  the  household  is  indicated  by 
these  actual  load  curves  which  show  that  the  available  capacity  of  the  station  considerably  exceeds  even 
those  sudden  and  exceptionally  heavy  demands  occasionally  made  upon  it. 
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The  generation  of  such  quantities  of  power, 
often  in  the  heart  of  thickly  populated 
districts  of  our  larger  cities,  requires  a  skill 
in  operation  and  a  care  in  the  design  of  the 
station  which  have  called  for  the  ablest 
efforts  of  the  best  engineering  talent  in  the 
country. 

The  ability  of  the  central  station  to  furnish 
service  to  the  household  when  called  for 
demands  careful  consideration  of  the  growth 
of  the  district  served.  Not  only  must  the 
probable  increase  in  population  from  year  to 
year  be  predicted,  but  the  direction  of  this 
growth  in  any  particular  locality  must  be 
foreseen  to  insure  the  purchasing  of  additional 
generating  and  distributing  equipment  and 
the    extending    of    transmission    lines,    plans 


realized  if  one  considers  that  the  small 
consumer  in  paying  less  than  one  dollar  per 
month  is  practically  getting  his  electrical 
energy  free  of  charge,  as  the  amount  of  his 
monthly  bill  barely  covers  his  proportion  of 
the  accounting  and  overhead  expense  of  the 
central  station  and  leaves  nothing  as  his 
contribution  toward  the  actual  expense  of 
fuel,  generation,  and  transmission  of  power. 

The  question  of  power  rates  for  large 
consumers  involves  the  consideration  of  very 
different  factors.  In  many  cases,  the  central 
station  must  stand  ready  to  furnish  power 
on  demand  far  in  excess  of  the  average  require- 
ments and,  unless  stipulated  to  the  contrary 
in  the  power  contract,  such  demand  might 
occur  at  a  time  when  the  station  was  operating 


entral  station  showing  two 
e -driven  generators 


for  which  must  often  be  made  even  a  year  or 
more  in  advance  of  their  expected  use. 

So  many  variables  enter  into  the  cost  of 
furnishing  power  that  any  standard  of  rates, 
or  even  a  method'  of  charging  for  service, 
cannot  apply  to  the  country  at  large.  The 
old  flat-rate  charge  per  lamp  or  per  month 
has  given  way  to  the  more  equitable  plan 
of  charges  based  upon  the  amount  of  electrical 
energy  actually  consumed  by  each  customer, 
but  this  again  varies  with  the  amount  of 
such  service.  For  the  small  domestic  con- 
sumer, the  minimum  charge  per  month  under 
the  present  basis  is  often  less  than  one  dollar. 
There  is  a  strongly  defined  trend  toward  the 
theory  of  a  minimum  service  charge  plus  a 
further  charge  for  actual  energy  consumed. 
The    justness    of    this    plan    can    better    be 


at  its  maximum  output.  Furthermore,  the 
application  of  the  energy  supplied  to  large 
users  is  a  question  which  greatly  affects  the 
generating  station.  While  energy  furnished 
for  lighting  purposes  only  does  not  entail  a 
hardship  on  the  central  station,  on  the  other 
hand,  a  load  composed  largely  of  induction 
motors  or  similar  devices,  operating  at  poor 
power-factor  and  in  many  cases  at  partial 
load,  results  in  a  demand  for  central  station 
energy  which  is  not  reflected  in  the  readings 
of  power  delivered  to  the  customer's  lines. 

All  these  questions  invoh'ing  maximum 
demand,  time  of  such  demand,  and  the 
nature  of  the  load  must  be  considered  in 
determining  an  equitable  rate  of  charge  for  the 
service  rendered.  Minimum  rates  are  offered 
for  constant  load,  for  off-peak  load,  and  for 
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loads  of  ^;ooil  iiowfr-laflor.  IV'iially  in  llif 
slia])(.'  of  incrcasi'd  rates  imisl  he  charj^'cd  if 
the  central  st;ilion  is  fori'ed  to  maintain 
extra  eapaeity  in  f^eneratinK  units,  to  cover 
jiossiblo  heavy  demands  or  tiie  elTects  of 
low  power-factor  or  ellicieney. 

It  has  been  claimed  that 
hardly  one  house  in  three  on 
the  transmission  lines  of  ct'ii- 
tral  stations  throu^;hout  the 
country  is  completely  wired 
for  electrical  service.  While 
it  is  exceptional  for  a  new 
dwelling,'  to  be  construcleil 
within  the  district  served  b\ 
a  central  station  without  be- 
ing wired  for  lightinj^  service, 
there  is  still  a  surprisingly 
large  number  of  the  older 
houses  which  are  not  wired 
for  electrical  service  of  any 
kind.  The  discovery  of  such 
houses  and  a  campaign  to 
promote  the  installation  of 
electrical  service  therein  is 
one  of  the  largest  fields  of 
endeavor  for  the  lighting 
solicitor.  The  arguments  in 
favor  of  electric  lighting  are 
so  obvious  that  the  only  rea- 
sonable excuse  for  failure  to 
make  the  change  will  be  an 
unwillingness  on  the  part  of 
the  householder  to  finance 
the  very  moderate  cost  of 
such  an  installation,  and  even 
this  argument  has  been  in 
many  cases  combated  by  the 
central  station  through  an 
offer  to  wire  old  houses  and 
bill  the  cost  by  monthly  in- 
stallments in  addition  to  the  charge  for  energy 
used. 

Next  in  importance  to  the  securing  of  new 
lighting  customers  is  the  increasing  of  central 
station  revenues  through  the  sale  and  use  of 
current-consuming  devices,  fn  over  -iOOO  com- 
munities, special  rates  for  electric  cooking  and 
heating,  of  five  cent  s  or  less  per  kw-hr.  are  quoted : 
and  nearly  half  of  these  communities  are  east 
of  the  Mississippi  River.  The  fact  that  over 
25,000  electric  ranges  have  so  far  been  installed 
is  an  indication  of  their  growing  popularity.  In 
addition,  there  are  fully  10,000,000  domestic 
electrical  appliances  in  use  today. 

The  manifold  use  of  these  appliances 
produce  such  economies,  to  say  nothing  of 
cleanliness  and   convenience,   as  to   warrant 


till'  preili<tion  that  one  of  the  largest  fields  of 
service  whi<'li  tiie  central  station  can  render 
the  domestic  consumer  is  encouragement  in 
the  use  of  electrical  ajtpliances  and  the 
creation  of  new  demands  for  elec-lrical  energy 
in  the  household. 


Fig.  6.      Interior  of  one  of  the  largest 
of  the  output  of  which  is 
work  of  its  maintenance. 


entral  stations,  a  considerable  portion 
in  lighting  the  home  and  lessening  the 


The  expansion  of  the  central  station 
industry  has  been  due  chiefly  to  economic 
reasons.  To  be  able  to  furnish  electrical 
energy  more  cheaply,  and  with  greater 
reliability  than  is  possible  for  the  small 
isolated  plant,  assures  the  development  of 
central-station  service  in  constantly  increasing 
measure.  As  the  population  of  the  countr}^ 
becomes  more  concentrated,  and  with  the 
increasing  tendency  of  Public  Service  Com- 
missions, and  other  rate-making  bodies,  to 
recognize  the  legitimate  needs  of  central 
stations  for  financing  their  constantly  enlarg- 
ing systems  and  securing  a  fair  rate  of 
return  on  their  invested  capital,  the  outlook 
for  the  gro\\i;h  of  this  industry  is  most 
promising. 
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Electricity  in  Household  Service 

PART  II.     LIGHTING 

By  Evan  J.  Edwards 
Electrical  Engineer,  National  Lamp  Works  of  General  Electric  Company 


Into  the  period  of  two  score  years  has 
been  crowded  the  development  of  the  electrical 
industry;  'and  closely  associated  with  this 
development  at  every  step — in  fact,  in  no 
small  way  responsible  for  it — has  been  the 
development  of  electric  lighting.  Although 
the  invention  of  a  workable  dynamo-electric 
machine  preceded  the  practical  application 
of  electric  lamps,  as  indeed  it  had  to,  the 
application  of  electricity  for  power  purposes 
lagged  considerably  behind  its  application 
for  lighting.  This  lag  can  be  readih^  under- 
stood when  we  recall  that  in  the  early  days 
the  electrical  transmission  of  energy  in  large 
amounts  was  far  less  readihr  accomplished 
than  it  is  now,  and,  too,  that  a  single  large 
motor  would  demand  an  appreciable  portion 
of  the  entire  output  of  a  small  "central 
station."  The  use  of  electrical  energy  for 
power  purposes  became  practical  on  a  large 
scale  onl}?  when  the  central  station  had  been 
expanded  to  the  point  where  its  capacity  was 
much  greater  than  the  energy  required  for 
any  one  machine  connected  to  its  circuit 
and  when  the  transmission  of  energy  could 
be  readily  accomplished — in  other  words, 
when  the  system  became  large  enough  to 
permit  the  law  of  di\'ersity  to  operate.  We 
find  right  now  somewhat  of  a  parallel  in  the 
case  of  small  isolated  plants  for  the  lighting 
of  country  homes.  These  plants,  usually  of 
about  750-watts  capacity,  supply  energy  for 
lighting  requirements  with  entire  satisfaction, 
but  their  use  for  power  purposes  cannot  be 
generally  recommended  except  where  the 
energy  required  represents  but  a  fraction  of 
the  plant  capacity. 

In  1882,  the  central-station  industry  in 
the  United  States  consisted,  for  a  brief  period, 
of  a  single  plant  having  a  capacity  of  250 
low-power  incandescent  lamps  which  operated 
at  Appleton,  Wisconsin.*  The  central  station 
output  of  the  United  States  in  1917  is 
estiinated    by    the    Electrical    Worldf    at    27 

*  Samuel  Insull.  addressing  the  N.E.L.A.  Convention  at  St, 
Louis.  Mav  25.  1910. 

t  Electrical  World,  vol.  71,  p.  2,  Jan.  5,  1918. 


billion  kilowatt-hours.  Of  this,  perhaps  a 
third,  or  9  billion  kilowatt-hours,  is  used 
for  lighting.  Of  the  lighting  load,  the  largest 
single  item,  probably  about  one  fourth,  con- 
sists of  residence  lighting. 

It  is  interesting  to  note  how  the  cost  of 
light  has  consistently  decreased  for  a  number 
of  years  prior  to  the  great  war.  This 
decrease  has  been  due  to  improvements  in  the 
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1 .  Curves  showing  that  while  the  cost  of  food  commodities 
has  been  rising  almost  continuously,  the  cost  of  electric 
light  has  been  steadily  decreasing.  Since  the  beginning 
of  the  war,  the  cost  of  food  and  light  have  both  increased, 
but  the  increase  in  the  cost  of  light  has  been  very  moderate 


efficiencj'  of  incandescent  lamps,  to  decreases 
in  their  cost,  and  to  decreases  in,  the  cost  of 
electrical  energy.  Although  it  has  been 
necessary  recently  in  a  large  number  of 
instances  to  increase  the  rates  charged  for 
electricity,  it  is  safe  to  say  that  such  increases 
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lia\t'  in\;ii'iaM\'  lurii  I'xtri'im'ly  coiisiTvalivc 
iti  ccmiparisDii  willi  Uk-  leaps  ami  hounds 
of  ])rict'S  of  mamifaoturc-d  pnidiicls  in  almost 
•every  oilier  line  of  industrw 

As  eketrie  HkIiHii^,'  stands  lodav,  il  is 
inexpensive,  eonvenient,  and  safi.  J I  is  used 
in  all  classes  of  homes  from  the  most  luimhie 

lo    the   most   pretentious.      In    terri-  

tories  which  are  served  ijy  an  electric 
utility  company,  the  newly  con- 
structed home  which  is  not  wired 
is  the  exception  rather  than  the  rule. 
Where  central  stations  have  inaugu- 
rated campaigns  aimed  especially  to 
interest  the  very  smallest  house- 
holder, we  find  that  here,  too,  elec- 
tricil\'  has  become  the  rule.  Ivlcctric 
hghling  is  one  convenience  which  is 
shared  by  rich  and  poor  alike. 

Ordinarily,  we  should  expect  that 
a  commodity  as  commonly  used  as 
electric  Hghting  would,  quite  natu- 
rally, like  standard  recipes,  be  prop- 
erly used.  In  the  home,  this  can 
hardly  be  said  to  be  the  case.  The 
reason  is  probably  to  be  found  in  the 
fact  that  electric  light  was  first  in- 
stalled as  a  convenience  and  for  the 
prestige  which  its  use  conferred.  The 
sources  which  it  superseded  gave  in- 
sufKcient  light  for  good  general  vision 


and  hence  were  used  almost  entirely  as  local 
sources.  The  incandeseenl  lamjj,  hun^  in 
the  center  of  a  room,  [jojvided  a  satisfactory 
intensity  in  its  ii7imediate  neighborhofjd  and 
served  also  to  illinninate  the  corners.  I'rom 
the  stand]j(jint  of  light  intensity  alone,  this 
marked  a  considerable  improvement.     Hut  a 


Fig.  2  a.     Electric  lighting  in 
type  of  lighting  is  utilized  i 


peasant's  home  in  Trier,  showing  that  this 
L  the  most  humble  of  homes 


Fig.  2-b.  Another  example  of  electric  lighting  in  a  peasant's  home. 
Whether  good  or  bad  lighting  is  sold  depends  almost  entirely  upon  the 
one  who  sells  the  fixtures.  Neither  of  the  fixtures  in  Figs.  2-a  and  2-b 
screens  the  lamp  from  view.  The  one  in  Fig.  2-a  is  no  better  from  a 
glare  standpoint  than  a  bare  lamp,  and  it  could  have  been  made  much 
better  at  no  greater  cost 


new  factor,  namely  a  small  light 
source  of  high  power,  was  introduced. 
The  brilliancy  of  the  filament  was  not 
at  once  recognized  as  undesirable, 
however,  for  the  reason  that  glare 
■n-orks  insidiously  and  the  discomfort 
caused  by  the  unscreened  source  was 
entirely  ignored.  With  the  decreas- 
ing cost  of  producing  electric  light, 
we  find  light  used  in  greater  and 
greater  quantity.  This  in  itself  rep- 
resents progress;  but  we  find  also 
that  the  brilhancy  of  incandescent 
lamps  has  been  greatly  increased  and 
that  adequate  measures  have  not  been 
taken,  until  recently,  to  combat  the 
glare  evil. 

In  the  writer's  opinion,  the  problem 
of  minimizing  glare  is  the  one  big 
problem  in  residence  lighting  today. 
To  be  sure,  glare  can  be  practically 
eliminated  if  we  are  willing  to  sacri- 
fice the  light-and-shade  effects  which 
we  associate,  unconsciously  perhaps, 
with  a  homelike  atmosphere;  but  to 
preserve  the  desirable  features  of  our 
present  systems  and  to  eliminate  the 
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glare  is  a  problem  which  cannot  j'ct  be  con- 
sidered completely  solved. 

That  form  of  glare  which  is  due  to  an 
intensely  bright  light  source  in  or  near  the 
direct  line  of  vision — such  as  produced  b}-  a 
bare    incandescent    lamp    suspended    bv    a 
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Fig.  3-a.  Living  rooi 
paving  the  way 
be  available 


an  electrically  lighted  country  home.     Farm  lighting  plants  are 
,ral  districts  for  central  station  lines  which  sooner  or  later  will 


Fig.  3-b.      Another  electrically  lighted  i 
installed,  will  require  no  change 


,  country  home.      The  wiring,  if  properly 


drop  cord  in  the  center  of  a  room — has,  with 
the  development  of  reflecting  equipment, 
become  inexcusable.  Some  means  should 
alwaj^s  be  employed  to  screen  the  brilliant 
filament  from  the  eye.  The  cheap  frosted  or 
stained  t.'la'^s  shades  which  are  in  somewhat 
common  use  are  of  smaU 
value  in  this  respect.  The 
heavier  translucent  reflec- 
tors serve  the  double  pur- 
pose of  screening  the  fila- 
ment from  the  eye  and  of 
redirecting  a  large  part  of 
the  light  which  strikes 
them  downward  into  the 
room.  Semi-indirect  bowls 
screen  the  filament  from 
the  eye  and,  if  of  large 
diameter  and  fairly  dense, 
their  brilliancy  is  not  so 
high  as  to  be  objectionable 
if  they  are  placed  where 
they  are  outside  the  usual 
field  of  vision. 

It  is  rarely,  however, 
that  one  finds  lighting 
units  placed  where  they 
are  not  within  the  usual 
visual  field.  In  the  living 
room,  for  example,  where 
the  members  of  the  family 
and  their  friends  sit  and 
talk  for  hours,  we  find  as  a 
rule  a  centrally  located 
ceiling  outlet.  In  those  few 
cases  where  bare  lamps  are 
tised,  the  discomfort  is  acute 
for  there  is  little  change  for 
long  periods  of  time  in  the 
position  of  the  eye  ■«'ith 
respect  -to  the  brilliant  fila- 
ment. If  frosted  glass 
shades  are  used,  only  slight 
improvement  can  be  noted. 
Dense  glass  bowl-shaped 
reflectors  which  extend  well 
down  o\  er  the  lamp  bulb 
modify  the  glare  consider- 
ably; if  the  light  source  or 
sources  are  raised  well  up 
toward  the  ceiling,  the 
glare  may  be  hardly  no- 
ticeable. If  a  fairly  dense 
semi-indirect  bowl  of  large 
size  is  used,  glare  ■nill  pro- 
bably not  be  noticed  at 
all.  But  experience  has 
shown  that   glare  mav  be 
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prosi'iil  and  he  llu-  (.•ausf  of  si-rious  (iiscomforl 
over  a  luiifj  ijcritxl  of  time  without  ever 
attracting,'  attention  to  itself.  There  may 
be  some  (loiil>t  about  tlie  fle^;ree  of  actual 
iiijur\-  done  hy  ^lare  in  its  milder  forms 
l)ut  there  is  no  douhl  regardinj;  the  discomfort 
it  can  cause.  A  lij^ht  source  of  very 
moderate  brilliancy  which  is  continu- 
ally in  view  may  work  results  more 
serious  than  one  which,  by  attracting; 
attention  to  itself,  j^ves  warning  of 
its  danger.  For  this  reason,  extreme 
care  should  be  exercised  in  the  selec- 
tion of  lighting  fixtures  which  must 
be  more  or  less  directly  faced,  and 
wherever  lamps  are  so  used  that  the>- 
are  visible,  the  bulbs  should  by  all 
means  be  bowl-frosted. 

A  partial  solution  to  the  problem 
consists  of  dispensing  with  centrally 
located  fixtures  in  those  rooms  where 
persons  sit  relatively  still  for  long 
periods  of  time,  and  depending  upon 
portable  lamps;  but  this  is  hardly 
practical,  for  at  certain  times  the 
rooms  are  used  for  purposes  which 
require  broad  general  illumination, 
which  cannot  be  well  supplied  by 
portable  lamps.  A  large  semi-indi- 
rect unit  located  at  one  side  or  in  the 
corner  of  a  room  would  strike  us  as 
decidedly  out  of  place  now-a-days, 
but  from  the  standpoint  of  \'ision, 
such  an  arrangement  would  possess 
some  little  merit. 

At  the  present  time,  good  living 
room  lighting  can  be  obtained  by 
means  of  wall  brackets  and  portable 
lamps  supplemented  b}-  a  centrally 
located  semi-indirect  bowl  of  large 
size  and  of  fairly  dense  glass.  For  the 
quiet  evenings,  the  portable  lamps  and 
the  wall  brackets  will  furnish  illumi- 
nation which  is  restful  and  satistVing, 
and  the  shadows  will  be  found  to  beautify  the 
room.  An  ample  supply  of  base-board  outlets 
will  permit  a  wide  variety  of  arrangements  and 
effects.  On  gala  occasions,  where  an  appear- 
ance of  brightness  and  sparkle  is  desirable, 
the  center  fixtiu-e  may  be  called  into  ser^nce. 
But  the  tendency  is  to  consider  the  central 
fixture  supplementan,'  to  the  brackets  and 
portables  rather  than  the  reverse  which  has 
so  long  been  the  case.  Somewhat  the  same 
treatment  suggests  itself  for  the  lighting  of 
the  library  or  den. 

There  has  been  no  fixture   produced  for 
dining-room    lighting    which     gives     results 


superifjr  to  those  obtained  with  tin-  old 
familiar  dome  |)ro|)erly  installed.  A  «iining- 
room  need  not  be  (looded  with  a  high  iiilensily 
of  light,  'inhere  should,  of  course,  be  plenty 
of  light  f)n  the  table,  but  a  low  intensity 
throughout  the  room  as  a  whole  is  usually 


Fig.  3-c.  Dining  room  of  an  electrically  lighted  country  home.  The  instal- 
lations shown  in  Figs.  3-a,  3-b,  and  3-c  have  all  been  in  operation  over 
five  years:  and  good  judgment  was  shown  in  the  selection  of  the  fixtures 


considered  desirable.  The  dining-room  dome, 
if  hung  close  to  the  table  so  that  the  din- 
ers cannot  see  the  lamp  within  and  high 
enough  to  permit  unobstructed  \-ision  across 
the  table,  fulfills  the  requirements  nicely. 
When  semi-indirect  lighting  was  introduced 
and  actively  promoted  several  years  ago.  the 
dome  came  to  be  considered  old-fashioned  and 
fell  into  general  disuse.  Semi-indirect  fixtures 
of  the  usual  designs  are  not.  however, 
altogether  satisfactory  for  dining  rooms 
because  of  the  fact  that  if  hung  high  they 
produce  undesirable  shadows  upon  the  face, 
particularly    under    the    eyes;    and    if    hung 
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sunicic'iilly  low  111  ;i\<iiil  ihis  ohji'ctioii,  llifv 
are,  in  k'-''H'I'''iI.  oliji'i'iidiiahk-  l)i'cause  of  ^larc. 
In  order  lluit   llie  juhantaK'es  possessed   liy 


'I'liL-  iisf  of  small  porlalik'  lanijis  or  candles 
to  lend  an  atmosphere  to  the  dininjj-room 
lliroii^;li  the  elTi'cl  of  li^'Iil  atxl  shadi-  i-.  vcr; 


Fig.  5.  Portable  lamps  should  be  desisned  primarily  with  n  view 
to  the  avoidance  of  glare.  This  lamp  is  designed  to  direct 
the  major  portion  of  the  light  to  the  ceiling  whence  it  is 
diffused  throughout  the  room,  but  sufficient  light  penetrates 
the  translucent  reflector  to  light  the  shade  to  a  moderate 
brightness.     See  Fig.  6 


the  dome  mij;ht  be  obtained  without  usini; 
a  fixture  considered  out  of  date,  many 
installations  of  chister  units  have  been  irade 
where  %-ery  dense  glass  correspondint;  to 
that  employed  in  the  dome  is  used  and  the 
units  are  suspended  well  down  over  the  table 
so  that  the  lamp  filaments  are  completely 
hidden  from  view.  Recenth'  there  has  been 
a  tendency  to  re\4ve  the  dome  both  in  its 
old  form  and  in  somewhat  modified  designs. 


Fig.  6.  This  photograph  was  taken  by  the  light  of  the  portable 
lamp.  The  lamp  was  built  according  to  the  design  suggested 
in  Fig.  5 

general  in  homes  where  expense  need  not  be 
kept  at  a  minimum.  However,  incandescent 
lamps,  no  matter  what  decorative  effect  is 


Fig.  7  The  selection  of  lighting  units  and  their  location  in  the  home  is  as  much  a  matter 
of  taste  as  the  selection  and  arrangement  of  the  furnishings.  Light,  shade,  and  color 
offer  fascinating  possibilities 
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sought,  should  never  be  used  in  such  a  way 
that  the  filaments  are  exposed  to  view, 
because  of  glare.  In  order  to  permit  flexibility 
in  the  use  of  portable  lamps  and  in  the 
arrangement  of  furniture,  plenty  of  wall  or 
baseboard  outlets  should  be  provided.  In 
fact,  the  installation  of  such  oxitlets  cannot  be 
too  strongly  recommended,  for  the  advantages 
of  electric  utensils,  which  take  an  important 
place  in  dining-room  equipment,  are  com- 
pletely offset  if  the  inconvenience  of  attaching 


in  rays  of  these  warmer  color  tones.  The 
carbon  filament  lamp,  having  much  the  same 
color  characteristics  as  the  light  sources  which 
it  superseded,  caused  no  disturbance  in 
prevailing  color  schemes.  The  light  from 
the  Mazda  lamp,  while  somewhat  whiter  than 
that  of  the  carbon  lamp,  is  also  rich  in  the 
red,  brown,  and  amber  rays;  and,  fortunately, 
it  is  quite  acceptable  as  regards  color  without 
any  modification.  However,  the  higher 
efficiency  at  which  the  Mazda  lamp  operates 


Fig.  8.  The  kitchen  is  the  workroom  of  the  home,  and  the  lighting  should  be  planned  primarily 
for  utility.  The  installation  shown  is  above  the  average,  but  a  person  working  at  the  sink 
or  drainboards  is  handicapped  by  his  own  shadow.  Since  this  photograph  was  taken,  a 
supplementary  'amp  and  reflector  have  been  installed  just  beneath  the  middle  cupboard 


them  for  use  outweighs  their  convenience  in 
service. 

In  the  living  room,  den,  and  dining-room 
are  there  particularly  great  possibilities  in 
the  use  of  color  in  lighting.  In  view  of  the 
fact  that  the  appearance  of  all  objects  is 
greatly  influenced  by  the  color  of  the  light 
under  which  they  are  seen,  it  is  not  surprising 
that  we  find  the  red,  brown,  and  amber  tones 
predominating  in  home  decorations  and 
furnishings  designed  to  appear  at  their  best 
under  artificial  lighting.  The  early  flame 
illuminants  generated  light  very  rich  indeed 


makes  practical  the  filtering  of  the  light  to 
secure  any  color  tone  desired.  The  skillful 
decorator,  instead  of  planning  the  furnishings 
of  a  room  to  suit  artificial  lighting  of  a  single 
and  fixed  color  \'alue,  may  now  select  light 
of  a  tone  adapted  to  any  decorations  he  may 
elect  to  employ.  The  use  of  color  in  lighting 
is  relatively  new,  but  we  may  expect  to  see 
its  influence  to  a  greater  and  greater  extent  as 
the  possibilities  it  presents  become  more 
generally  appreciated. 

In    the    kitchen,    the    problem    is    almost 
entirely  one  of  providing  utilitarian  lighting; 
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Fig.  9.  A  dining  room  dome  properly  placed.  The  pleasant 
low-intensity  illumination  which  fills  the  room  has  been 
almost  completely  lost  by  the  camera 


Fig.  10.  In  many  old  homes  fixtures  are  altogether  too  promi- 
nent. Certainly  a  simple  fixture  which  provides  good  light- 
ing is  much  to  be  preferred 


.  11  a.  Sometimes  a  marked  improvement  in  lighting  can 
be  accomplished  very  simply.  This  illustration  is  typical  of 
such  an  instance:  the  fixture  as  shown  creates  an  objection- 
able glare.     Compare  with  Fig.  11-b 


Fig.  11-b.  The  lighting  fixture  of  Fig.  11-a  is  here  shown  turned 
upward  and  the  frosted  shade  replaced  by  a  prismatic 
reflector  which  reduces  the  glare  and  throws  the  major  part 
of  the  light  to  the  ceiling  which  in  turn  diffuses  it  completely 
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color  and  the  aesthetic  effect  of  light  and 
shade  are  not  much  involved.  In  a  large 
room,  it  is  desirable  to  install  a  centrally 
located  unit  to  supply  the  general  illumination 
and  a  supplementary  unit  over  the  sink  and 
drain  boards.  It  is  frequently  desirable  to 
install  an  additional  unit  over  the  range. 
The  central  fixture  should  be  kept  well  up 
toward  the  ceiling  in  order  to  avoid  glare  and 
in  order  that  the  shadows  formed  may  be 
short.  The  supplementary  units  should  be 
located  well  above  the  line  of  sight.  In  small 
kitchens  a  single  fixture,  centrally  located,  is 
frequently  installed.  If  cupboards  are  built 
into  the  wall  flush  with  its  surface,  a  single 


baseboard  outlets  supplied  by  heavy  wire 
will  facilitate  the  use  of  electrical  appliances 
to  lighten  the  work. 

The  bathroom  is  another  location  where 
the  utility  of  the  lighting  is  the  first  con- 
sideration. A  common  installation  consists 
of  a  bracket  fixture  and  a  frosted  shade, 
opening  downward,  above  or  at  one  side  of 
the  mirror.  This  arrangement  almost  in- 
variably introduces  shadows  which  make 
shaving  difficult.  If,  as  is  usually  the  case, 
the  room  is  finished  in  white  or  a  light  color, 
good  results  may  be  obtained  by  turning  the 
bracket  upward  and  using  a  prismatic  or 
opal-glass  reflector  to  direct  the  light  to  the 


Fig.  12.    The  beautiful  light  and  shade  effects  here  shown  i 
lamps.     The  lighting  may  be  rearranged  as  e 


e  obtained  entirely  from  portable 
sily  as  the  furniture 


unit  so  located  will  not  produce  seriously 
objectionable  shadows;  but  if,  as  is  often  the 
case,  cupboards  are  built  out  from  the  wall 
above  the  sink  and  drain  boards,  the  recess 
so  formed  cannot  be  properl}^  lighted  from  a 
centrally  located  fixture.  In  such  cases,  a 
small  lamp  equipped  with  an  opaque  reflector 
so  mounted  upon  the  bottom  of  the  cupboard 
as  to  hide  the  lamp  from  the  eye  and  direct 
the  light  downward  will  be  found  desirable. 
Prismatic  glass  reflectors  of  the  distributing 
tj^pe  are  as  good  as  anj-  for  the  kitchen, 
although  porcelain-enameled  steel  is  coming 
into  use  to  a  certain  extent.  Here  again 
it  is  well  to  suggest  that  plenty  of  wall  or 


ceiling  whence  it  will  be  diffused  throughout 
the  room.  Semi-indirect  lighting,  although 
little  used  in  bathrooms  at  present,  is  highly 
desirable;  and  because  of  the  preponderance 
of  white  surfaces  to  reflect  the  light,  such  a 
system  does  not  entail  the  use  of  high-power 
lam_ps. 

The  lighting  of  the  bedrooms  should  be 
designed  to  pro^^de  proper  general  illumina- 
tion, good  light  for  careful  dressing,  and  local 
lighting  for  cases  of  sickness.  A  very 
desirable  arrangement  is  a  semi -indirect  unit, 
centrally  located,  to  provide  the  general 
illumination,  wall  brackets  to  provide  illumi- 
nation for  the  mirrors,  and  a  portable  lamp 
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willi  a  ikiisr  sliaik'  rxU'iuliiiK  \m.-11  lirluw  tlic 
lamps  111  proxidi-  iIr-  local  lij^liliiij,'.  Since 
the  lights  in  llic  hcdrootii  arc  used  ()iil>-  for 
sliorl  jjcriuds  of  lime,  prccaiilions  to  a\'oid 
^laro  arc  not  so  iinjjorlaiil  as,  for  instance,  in 
a  livinj;  room.  A  small  semi-indirect  unit 
such  as  obtained  by  inxcrtinjj;  an  ordinarx' 
opal  }:;lass  reflector  is  ciuitc  .satisfactory, 
altliouj,'h  beautifully  decorated  t^lassware  is 
a\ailablc  at  moderate  cost.  The  reflectors 
used  on  the  bracket  lami)s  at  the  mirrors 
should,  of  course,  screen  the  lilaments  from 
\ie\v.  In  many  cases,  the  mirror  lamps  are 
made  to  supply  the  {general  illumination  for 
ihe  entire  room.     Where  this  is  the  case,  fj^ood 


will  adapted  to  bascmiiit  li^;lilin^;.  Tlic 
rellcctor  should  be  mounted  as  close  to  the 
ceilinji  as  ])ossible.  How  many  units  to  use 
depends  upon  the  size  and  arranj^emetit  of 
the  basement.  (Jne  unit  over  the  laundry 
ttd)S  and  another  near  the  furnace  will  often 
be  suHicient.  If  the  basement  is  used  as  a 
work  shop,  an  additional  unit  shoulrj,  of 
course,  be  installed.  Switches  which  will 
jjcrmit  the  lamps,  particularly  the  furnace 
lamp,  to  Ije  controlled  from  the  kitchen  or 
back  hallway  are  almost  a  necessity. 

A  i)orch  light  usually  serves  the  purpose 
of  a  signal  light  and  its  equi|)ment  is  un- 
im])ortant  as  long  as  it  prevents  undue  glare. 


Fig.  13.  There  is  a  tendency  to  revive  the  dome  for  dining  rooir  lighting  The  one  shown 
here  is  a  modified  form  of  recent  design.  The  sharp  shadow  on  the  walls  caused  by  the 
edge  of  the  dome  may  be  eliminated  by  using  frosted  lamps.  Where  the  dome  is  used, 
care  should  be  taken  to  see  that  the  glassware  is  not  lighted  so  brightly  as  to  cause 
discomfort,  and  the  unit  should  be  hung  sufficiently  low  to  prevent  the  formation  of 
unpleasant  shadows  upon  the  face 


results  can  frequently  be  obtained  b}-  invert- 
ing the  fixtures  and  making  modified  semi- 
indirect  units  of  them.  Baseboard  outlets 
will  be  found  very  desirable  in  case  of  sickness 
even  though  a  portable  lamp  does  not  form 
at  all  times  a  part  of  the  bedroom  furnishings. 
The  use  of  bare  lamps  in  the  basement  is 
almost  without  exception,  but  this  practice 
is  not  economical  because  the  walls  and 
ceiling  are  so  dark  that  very  little  of  the 
Hght  striking  them  is  reflected  back  into 
the  room.     A  dome-shaped  steel  reflector  is 


A  frosted  or  opal-glass  globe  and  a  low-power 
lamp  comprise  a  satisfactory  unit.  Some- 
times the  house  number  is  painted  on  the 
globe.  Not  infrequently  ver\-  careful  atten- 
tion is  given  to  the  lighting  of  the  porch. 
Lanterns  of  a  design  w-hich  harmonize  with 
the  architecture  of  the  house  are  sometimes 
employed.  But  the  important  point  to  watch 
is  that  brilliant  light  sources  are  not  exposed 
to  x-iew.  Portable  lamps  will  be  found 
particularlj'  convenient  where  the  porch 
is  used  as  an  outdoor  li\'ing  room. 
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'I'lii'  liKlitiiiK  111"  llii-  halls,  liki-  lln.-  liKlilin^;  of 
till-  pori'li.isamalU'rt'iiliri'lyof  taslcas  lonjjas 
j^larinjj;  li);lil  sources  aiv  coiifcalcd  from  view. 

lU'lwwii  iTsick'nco  li^^hliiij,'  and  iiidiislrial 
lii^litiii},'  soiiiowlial  Iho  same  relation  exists  as 
between  a  painting  and  a  I>liie  print.  And 
just  as  no  rules  ean  he  j;i\'en  for  ])aintin^,'  a 
beautiful  picture,  so  no  Iiard  and  fast  rules 
can  bo  j^iven  for  Iij,'litinK  a  liome.  The  state- 
ment lias  been  made  that  the  best  way  to 
lij;ht  a  home  is  to  provide  a  larj^'c  number  of 
w;ill  and  basei)oard  outlets  and  a  larf^e  number 
of  portable  lamps,  and  leave  the  rest  to  the 
judj^ment  of  a  woman  of  taste.  In  a  large 
measure  this  may  be  true,  but  where 
expenditure  must  be  closelj-  watched  this 
procedure  is  hardly  applicable,  and  it  is 
necessary  to  do  the  best  jiossible  with  equip- 
ment more  readily  available.  Fixtures  on 
the  market  permit  a  wide  range  of  selection, 
and  good  designs  are  available  at  very 
reasonable  cost.  Equipment  should  be 
selected  with  a  view  to  the  avoidance  of  glare. 
It  should  be  remembered  that  simple  designs 
prove  more  desirable  than  elaborate  ones  in 
the  long  run,  and,  too,  that  the  appearance  of 
glassware  may  be  very  different  lighted  than 
unlighted.  The  contour  of  the  reflecting 
surfaces  should  be  such  that  light  will  not  be 
pocketed  and  lost.  The  surface  should  be 
fairly  smooth  so  that  dust  will  not  collect 
hea^•ily  and  so  that  the  fixture  ma}-  be  easily 
cleaned.  It  ma}'  seem  unnecessary  to  mention 
cleaning  in  connection  with  a  part  of  the 
household  furnishings,  but  experience  has 
shown  that  lighting  equipment  does  not 
receive  the  attention  in  this  respect  that  it 
deserves.     A  verv  slight  accumulation  of  dust 


may  deerea.se  the  intensity  in  a  room  by 
2")  to  r>()  |jer  cent,  and  this  reduction  is  (jfien 
sullicient  to  sjiell  the  difference  between 
aile(inate  and  inadecjuate  illumination. 
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Fig.  15.  Two  outlets  have  been  provided  in  this  kitchen  and  if 
these  were  properly  used  good  lighting  would  result.  The 
cord  above  the  stove  should  be  considerably  shortened, 
and  both  lamps  should  be  fitted  with  good  reflectors  of  opal 
glass,  prismatic  glass,  or  enameled  steel. 


174     March,  1919  GENERAL  ELECTRIC  REVIEW  Vol.  XXII,  No.  3 

Electricity  in  Household  Service 

PART  III.     MOTOR-DRIVEN  DOMESTIC  UTILITIES 


By  T.  W.  Beh.\x 
Manager  Fractional  Horse-power  Division,  Fort  Wayne  Department,  General  Electric  Company 


Electricity  was  originally  introduced  into 
the  home  for  lighting  purposes  only.  In  a 
comparatively  brief  period  of  time,  electricity 
outdistanced  all  other  household  Uluminants, 
and  at  present  is  almost  universally  used. 
However,  electricity  was  not  immediately 
utilized  as  a  motive  power  for  household 
utilities.  In  fact,  it  has  not  been  until 
comparatively  recent  years  that  such  use 
has  been  made  of  electric  current.  This  was 
due  to  a  number  of  causes,  the  principal  one 
being  the  inability  of  manufacturers  of 
household  utiHties  to  secure  for  their  devices 
satisfactory  electric  motors  in  the  small  sizes 
required.  Other  reasons,  such  as  improper 
distribution  of  current,  lack  of  proper  wiring 
facilities,  and  a  plentiful  supply  of  servant 
labor  which  cotild  be  had  at  a  relatively  low 
cost,  were  operative  in  deferring  the  advent  of 
electric  motor-driven  household  utilities. 


The  first  development  of  motors  of  frac- 
tional horse-power  rating  was  the  single-phase 
commutator  motor  for  use  directly  on  the 
lighting  circuit.  This  motor  developed  a 
very  strong  torque  at  starting,  and  rapidly 
accelerated  speed  as  the  load  was  diminished. 
It  proved  very  satisfactory  for  operating  fans ; 
and  as  a  result,  the  fan  was  the  first  motor- 
driven  household  utility  developed  and  made 
use  of. 

About  this  time,  electric  heating  appliances 
such  as  the  electric  flatiron,  electric  grill,  etc., 
were  developed,  and  came  to  be  used  quite 
extensively.  Such  devices  proved  so  satis- 
factory that  a  demand  was  made  by  the 
public  for  motor-driven  household  appliances 
which  would  lessen  the  manual  labor 
incidental  to  housekeeping,  a  demand  which 
was  accelerated  by  the  growing  scarcity  of 
servant    labor.     Accordingly,    the    manufac- 


Figs.  1  and  2.  The  substitution  of  the  hand-operated  washing  machine  for  the  washboard 
and  tubs  reduces  the  manual  labor  required  on  wash  day.  The  use  of  the  motor- 
driven  washing  machine  and  wringer  practically  eliminates  all  need  for  manual  labor. 
These  electrically  driven  washing  machines  are  of  the  dolly  type 
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Itiri'is  (if  ilDiiu'stic  (levifi's  and  tlu'  I'lri-trical 
motiir  mamifai'luriTS  hcj^aii  Id  work  Ioj^oUkt. 
Kiij^iiK'iTiiiK  i-xjifrts  soon  (It-vi-lopi'd  a  sa;is- 
faclo!>'  constant  apwi]  alti'rnalin(,'-rum'nt, 
sin^jk'-phasi'  motor  which  liad  hi^h  starling 
tortiiic  and  snlTu-icnt  acceleration  for  hrin^^'in^' 
its  inaxiniuin  hiad  quickly  to  normal  sjjccd. 
This  (lcvclo|)mcnt  in  motors  made  possible  the 
ad\ent  of  tlie  motor-dri\-en  washing,'  machine 
which  has  been  followed  i)y  the  motor-dri\en 
ironing  machine,  vacuum  cleaner,  dish-wash- 
ing; machine,  sewinj:;  machine,  mechanical  re- 
frigerator, piano  pla>-er,  piionograiih.x-ibrator, 
hair  drver,  etc. 


Fig.  3.     Motor-driven  washing  machine 
of  the  cylinder  type 


Wastiing  Machines 

The  washing  machines  on  the  market  at  the 
present  time  can  be  di\aded  into  four  types: 
the  dolly,  the  cylinder,  the  oscillating  tub,  and 
the  vacuum  cup. 

The  electrically  driven  dolly  type  of 
washing  machine  is  a  growi;h  and  projection 
of  one  of  the  original  types  of  hand-driven 
washing  machines.  Its  general  construction 
consists  of  a  conical  shaped  tub,  in  which  an 
adjustable  head  ha\-ing  several  projections  is 
suspended  and  rotated  in  such  a  way  that  the 
clothes  are  carried  backward  and  forward 
through  the  water  until  they  are  properly 
cleansed. 

The  cylinder  type  of  washer  consists  of 
a     main     body     of     semi-cylindrical     shape 


wilhiii  which  there  turns  a  iierforated  cyiinflirr 
in  which  the  ilothi-s  arc  placed  This 
(•\linder  has  internal  lifting  baflles  for  raisiiij; 
till'  clothes  to  a  maximum  lieiglil  from  whence 
t  1k'\-  arc  allowed  to  fall,  as  the  cylinder  rotates, 
into  the  hot  suds  contained  by  the  main 
i)ody  of  the  washing  machine.  After  the 
(■\linder  has  rotated  a  number  of  times  in 
one  direction,  its  direction  of  rotation  is 
automatically  reversed,  this  scheme  of  ojx-ra- 
lion  being  continued  until  the  clothes  arc 
thoroughly  cleansed.  In  this  type  of  machine 
the  clothes  do  not  come  in  contact  with  the 
dirt  which  has  been  washed  from  them,  as 


Another  cyHnder  type  of  motor-driven 
washing  machine 

the  dirt  being  heavy  settles  to  the  bottom  of 
the  washer  where  it  remains  undisturbed 
by  the  cylinder  rotating  above. 

The  oscillating  tub  type  of  washer  is 
designed  with  an  elliptical  shaped  tub  in 
which  the  w^ater  and  clothes  are  placed. 
There  are  no  baffles  or  rotating  parts  within 
this  machine,  the  tub  being  simply  tilted 
first  toward  one  side  and  then  toward  the 
other  in  such  a  manner  that  the  water  is 
sprayed  over  the  clothes  first  from  one  end 
of  the  tub  and  then  from  the  other.  This 
agitation  of  the  water  over  the  clothes  to  be 
washed  thoroughly  cleanses  and  removes  the 
dirt  from  the  garments. 

In  the  vacuum  cup  type  of  washer,  vacuum 
cups  are  mounted  on  a  spindle  which  gives 


176     March,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  3 


them  an  up-and-down  motion,  or  in  some 
cases  a  combined  rotary  and  up-and-down 
motion.  These  cups  are  provided  with 
release  valves  which  open  and  let  the  air 
escape  as  the  cups  descend,  and  then  close 
trapping  the  air  as  the  cups  rise  vertically. 
The  vacuum  action  of  these  cups  draws  the 
water  through  the  clothes  and  thereby 
cleanses  them. 

It  can  readily  be  understood  that  the 
development  of  these  several  types  of  washing 
machines  presented  a  more  or  less  difficult 
motor  application  problem  to  the  motor 
manufacturer.     The     problem     was     further 


wringers  varied  widely.  It  necessitated  a 
great  deal  of  study  and  experimentation  on  the 
various  types  of  washing  machines  with  their 
combined  wringers  before  a  standardized 
design  of  motor  was  developed.  The  result 
of  this  investigation  has  been  a  motor  of 
one  sixth  horse  power  rating,  with  a  break- 
down output  of  175  to  200  per  cent  of  full- 
load  rating,  a  starting  torque  of  150  to  175 
per  cent  of  full-load  torque,  and  an  accelerat- 
ing torque  of  150  to  175  per  cent  of  full-load 
torque.  The  motor  must  possess  a  high 
quality  of  insulation,  in  order  that  it  may 
stand  up  under  the  unfavorable  conditions  of 


shing  machine  of  the 
oscillating  tub  type 


Motor-driven  washing  machine  of  the 
I  cup  type 


complicated  by  the  addition  of  the  motor- 
driven  wringer.  It  was  found  that  a  motor  less 
than  one  eighth  horse  power  was  generally  suffi- 
cient to  operate  the  washing  machine  alone; 
but  with  the  advent  of  the  motor-driven 
wringer,  the  electrical  manufacturer  was 
confronted  with  this  problem — the  develop- 
ment of  a  motor  which  would  drive  the 
washing  machine  at  a  moderately  constant 
speed  with  a  relatively  small  power  output 
under  constant  load  conditions  and,  at  the 
same  time,  be  able  to  operate  the  wringer, 
requiring  enormous  torque,  at  a  very  low 
speed.  It  was  found  that  the  power  or 
torque  requirements  demanded  by  the  various 
types    of    combined    washing    machine    and 


moisture  with  which  washing  machine  motors 
have  to  contend.  This  insulating  problem 
has  been  quite  difficult  because  of  the  necessity 
of  keeping  the  motor  comparatively  light  in 
weight  and  small  in  size,  in  order  that  it  may 
be  easily  portable  and  not  add  undue  weight 
or  bulk  to  the  washing  machine.  It  is 
absolutely  essential  that  washing  machine 
motors  be  absolutely  free  from  "grounds," 
since  current  leakage  might  prove  discon- 
certing to  the  operator. 

The  factors  of  power,  speed,  acceleration, 
insulation,  and  light  weight  have  aU  been 
embodied  to  a  high  degree  in  the  motors 
oifered  for  this  field  of  application  at  the 
present  time.     So  satisfactorily  have  motors 


,i:("i'Ri('ii'\'  i\  iioi  si'iKii.n  si':RVicii; 


lilK'il  llu'  riM|uiri'iiu'iils  lli;it  in  I  lie  l;isl  few 
yi'iirs  iIk'  (Icinaiul  Inr  I'lci'lrically  (irivcii 
washing;  nuu'liiiK's  has  almost  exceeded  the 
sup]ilv. 

IroiiinR  Mailuni- 

k  is  a  well-known  faet  tliat  the  ironinj:;  of 
the  elotlies  is  one  of  the  most  liresoinc  tasks 
to  be  performed  in  the  liome.  Jt  is  true  that 
the  clectrie  irons  now  eotnmonly  used  are  a 
wonderful  advanec  o\'er  the  old  irons,  which 
required  tlie  maintenanee  of  a  lire  for  heating' 
them,  but  the  electric  iron  has  not  eliminated 
all  of  the  work  incidental  to  the  ironini;: 
oiieration.  In  the  last  few  years,  a  motor- 
driven  ironin}^  machine  has  been  placed  on 
the  market  and  has  proved  so  successful  that 
it  might  now  almost  be  considered  a  neces- 
sary adjunct  to  the  motor-driven  washing 
machine. 

The  ironing  machine  consists  of  a  semi- 
c>-lindrical  stationary  shoe  arranged  to  fit  the 
curvature  of  a  cylinder  which  is  rotated  by 
means  of  an  electric  motor.  This  ironing 
shoe,  usually  heated  by  a  gas  flame,  has  a 
highly  polished  surface  similar  to  the  surface 
of  a  flatiron.  Levers  are  so  arranged  that 
the  shoe  can  be  brought  to  bear  upon  the 
rotating  cylinder  with  considerable  pressure. 
The  cylinder  is  covered  by  a  thick  wool  felt, 
held  in  place  by  a  covering  of  thin  sheeting, 
and  as  the  cylinder  rotates  it  draws  the 
garments  to  be  ironed  over  the  heated 
surface  of  the  shoe.  Ironing  ■ndth  a  motor- 
driven  ironing  machine  is  quite  an  easy  and 


■  possessing  all  the  characteristics  desirable 
for  washing  machine  drive 


speedy  operation;  and  as  the  temperature 
of  the  ironing  shoe  can  be  kept  constant  and 
the  pressure  between  it  and  the  cylinder  can 
be  varied  as  desired,  the  work  turned  out  is 
especially  pleasing.  Ironing  machines  require 
a  one  eighth  horse  power  motor  to  drive  them; 


i)Ut  as  a  rule,  manufacturers  recommend  the 
use  of  the  same  type  of  motor  for  operalinj; 
the  wasliing  machine  and  the  ironing  machine, 
as  the  washing  machitie  motf)r  has  demon- 
strated its  ability  to  drive  the  ironing  machine 
in  an  admirable  manner. 


Fig.  8.  The  application  of  motor  drive  in  the  domestic  laundry 
is  no  longer  limited  to  the  washing  machine  and  wringer. 
The  power-operated  ironing  machine  reduces  to  a  negligible 
amount  the  work  involved  in  ironing 

Vacuum  Cleaners 

The  electrically  driven  vacuum  cleaner  can 
now  be  considered  one  of  the  necessities 
among  household  labor  -  sa\'ing  devices. 
Vacuum  cleaning  has  for  years  been  utilized 
in  ofEces,  public  buildings,  schoolhouses, 
apartments,  and  in  some  of  the  larger  private 
residences;  but  the  style  of  outfits  used  in 
these  larger  buildings  were  in  general  too 
expensive  in  first  cost  to  merit  their  adoption 
in  the  usual  size  family  home.  However, 
vacuum  cleaning  had  proved  so  effective  that 
large  vacuum  cleaning  plants  mounted  on 
wagons  and  hauled  from  house  to  house 
during  the  house-cleaning  seasons  proved 
wonderfully  helpful  to  housewives  in  their 
semiannual  cleanings. 

Approximately  ten  years  ago,  develop- 
ments were  started  along  the  line  of  the 
small  portable  vacuum  cleaner.     For  several 
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years  after  the  first  designs  were  placed  upon 
the  market,  the  public  was  slow  to  make  use 
of  them  as  their  performance  was  not  much 
better  than  that  of  the  ordinary  carpet 
sweeper,  while  their  first  cost  was  relatively 
much  higher.     With  radical  improvements  in 


Fig.  9.  The  popularity  of  the 
cleaning  process  is  its  own  i 
mendation.  A  high-grade  pc 
motor-driven  vacuum  cleaner 
of  the  most  useful  implements 
household 


the  driving  motors  and  minor  improvements 
in  the  cleaners  themselves,  the  portable 
vacuum  cleaner  became  a  wonderful  success 
and  its  introduction  has  been  very  rapid. 

Practically  all  of  the  portable  cleaners 
offered  to  the  trade  today  are  built  on  the  same 
general  principle  consisting  of  the  motor, 
a  fan  and  housing,  a  nozzle,  and  a  dust  bag. 
These  cleaners  are  very  light  in  weight,  usu- 
ally, not  exceeding  ten  or  fifteen  pounds. 
Their  construction  is  compact  and  such  that 
cleaning  may  be  done  under  furniture  without 
the  necessity  of  moving  it.  The  motors  oper- 
ateat  a  very  high  speed,  from  SOOO  to  9000 
r.p.m.,  and  develop  approximately  the  same 
output  on  either  direct-current  or  alternating- 


current  circuits.  They  have  been  developed 
so  that  they  will  give  years  of  service  under 
adverse  conditions ;  and  due  to  the  very  large 
number  of  sales,  several  hundred  thou- 
sand a  year,  the  cost  has  been  reduced 
to  such  an  extent  that  every  home  where 
electricity  is  available  can  afford  to  pur- 
chase one  of  the  various  types  of  portable 
cleaners  now  on  the  market.  In  fact,  the 
portable  vacuum  cleaner  is  rapidly  displacing 
carpet  sweepers  and  brooms.  They  certainly 
perform  the  cleaning  operation  in  a  much 
more  sanitary  manner,  as  there  is  no  stirring 
up  of  the  dust ;  moreover,  upholstery,  tapestry, 
walls,  etc.,  can  be  easily  cleaned  with  special 
attachments  which  are  furnished  by  the 
cleaner  manufacturers.  Even  the  one 
objection  to  many  of  the  electrical  vacuum 
cleaners,  (that  they  would  not  take  up 
ravelings  from  the  floor)  has  been  overcome 
in  the  design  of  later  cleaners  by  the  addition 
of  a  rotating  brush  or  oscillating  comb  in  the 
receiver  of  the  cleaner,  so  that  now  the 
higher  grades  of  cleaner  can  be  considered 
as  practically  faultless. 


Fig.  10.  The  labor-saving  benefits  of  motor  drive 
have  been  extended  even  to  the  humble  opera- 
tion fof  dish  washing,  which  for  centuries  has 
been  performed  by  hand 


Dish-washing  Machines 

The  development  of  domestic  types  of 
dish-washing  machines  has  not  kept  pace 
with  the  development  of  other  domestic  util- 
ities, even  though  there  is  unquestionably  a 
big  field  for  de\'ices  of  this  character. 


i;ij;(  Tkici  r\'  i.\  iioisi^iiouj  sickvici-: 
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Two  t\|ic's  nf  (lisli-wasliin^;  tiiacliitU'S  arc 
a\ailal)k'  at  llu'  pivsi-nl  timi';  oiio  making; 
use  of  a  iirt'pi'lk'r,  while  tin.'  oUrt  (.•iii])l(>ys 
a  cciilrifuj^al  iiuinp  for  the  aKilalioii  of  llie 
water.  In  the  ])ru])eller  ly]je,  the  water  is 
ihrinvn  uKainst  the  sides  of  the  tub  from 
w  lieiiee  it  rises  and,  Hke  a  l)roken  \va\'e,  falls 
in  a  heavy  spray  over  the  dishes  arranj^ed  in  a 
wire  tray  beneath.  In  the  eentrifuKal  pump 
type,  the  water  is  forced  U])  through  a  tube 
in  the  center  of  the  tub  from  whence  it  is 
sprayed  forcibly  over  the  dishes  beneath. 
In  order  to  obtain  the  necessary  head  and 
velocity  of  water  in  these  dish  washers,  a 
comparatively  larj:;e  size  motor  is  reciuired 
(one  quarter  to  one  third  horse  ]jowcr,  depcnd- 
inj^  upon  the  capacity  of  the  machine).  How- 
ever, as  the  time  of  operation  is  comparatively 
short,  the  cost  of  operation  is  not  exces- 
sive. Both  of  these  types  of  dish-washing 
machines  gi'^'f  ^  thorough  and  uniform  clean- 
ing of  each  and  every  dish  contained  in  the 
tub.  The  dr\-ing  of  the  dishes  is  accom- 
plished by  pouring  extremely  hot  water  over 
the  dishes  in  the  tray,  a  process  which 
thoroughly  sterilizes  and  drys  them  by 
the  process  of  evaporation.  Future  develop- 
ments can  be  expected  toward  the  perfection 


Fig.  12.     Detachable  type  of  sewing  machine  motor 
mounted  in  position 

of    this    domestic    utility    which    will    make 
possible  a  broader  field  for  its  adoption. 

Sewing  Machines 

The    application     of    motors     to     sewing 
machines  has  been  carried  on  in  a  small  way 


for  several  years.  The  original  motors 
<Iesigned  for  sewing  machine  apidication  v.cre 
of  the  split-phase  inductiiJii  or  the  direct-cur- 
rent l>'l)e.  Motors  were  designed  for  perma- 
nent mounting  on  the  frames  of  the  sewing 
machines  and  to  be  Ijelled  to  the  flvwhwls. 

Fig.  n.  The  application  of  motor  drive  to  the  scwins  machine 
eliminates  the  fatigue  caused  by  pedal  drive.  The  under- 
head  type  of  sewing-machine  motor  on  the  left  has  a  self- 
contained  control  mounted  on  the  motor  case;  the  motor 
on  the  right  has  a  separate  control 

These  motors  were  put  on  the  market  to  be 
sold  to  and  applied  by  the  users  of  the  sewing 

machines. 

The  problem  of  sewing  machine  motor 
design  has  been  somewhat  involved  because 
of  the  necessity  for  different  arrangements  in 
mounting  the  varied  types  of  sewing  ma- 
chines on  the  market.  Although  the  early 
designs  of  sewing  machine  motors  required 
some  skill  on  the  part  of  the  user  to  mount 
and  properly  operate  them,  they  have  given 
a  degree  of  satisfaction  which  has  stimulated 
a  broadcast  desire  for  the  electrically  oper- 
ated se\A-ing  machine.  Pre\-ious  to  the  pres- 
ent time,  sewing  machine  manufacturers  have 
taken  but  little  interest  in  the  production  of 
an  electrically  driven  machine;  but  electrical 
manufacturers,  realizing  the  possibilities  of 
the  field,  have  undertaken  the  task  of  pro- 
ducing motors  which  would  be  readily  apph- 
cable  to  all  kinds  of  machines.  A  high- 
speed, series-wound  motor,  arranged  to  drive 
the  machine  either  by  friction  piilley  or  belt 
has  lately  been  developed.  The  speed  con- 
trol of  these  series-wound  motors  is  obtained 
through  an  adjustable  rheostat  in  the  motor  ' 
circuit,  the  rheostat  being  arranged  for  con- 
trol by  foot  pressure.  The  control  and  the 
operation  of  these  motors  have  been  solved 
ver}^  satisfactorily,  a  great  many  refine- 
ments ha%-ing  been  recently  introduced.  The 
motors  now  offered  are  constructed  in  such 
a  wav  that  they  can  be  easily  mounted  upon 
the  machine  without  defacing  it  in  any 
way.  They  will  drive  a  properly  constructed 
machine  at  the  rate  of  six  hundred  stitches  a 
minute,  which  is  practically  three  times  the 
speed  of  a  machine  driven  by  the  ordinary 
method  of  operation.  Furthermore,  the 
machine  can  be  suddenly    stopped    or     ac- 
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celerated,  making  it  possible  to  do  a  great 
deal  of  work  in  a  comparatively  short  time, 
and  with  the  least  possible  fatigue  to  the 
operator.  The  demand  for  sewing  machine 
motors  has  increased  to  such  an  extent  that 
sewing     machine     manufacturers     are     now 


Fig.  13.  The  home  furnished  with  a  motor-driven  mechanical 
refrigerator  equipment  is  not  bothered  by  the  troublesome 
ice  man  and  his  bills 


manifesting  a  great  interest  in  electrically 
driven  machines  which  shall  have  the  motor 
built  in  as  an  integral  part  of  the  machine 
providing  an  outfit  at  once  compact,  portable, 
and  inexpensive.  It  is  safe  to  predict  that 
such  machines  will  be  produced  in  large 
quantities  in  the  not  distant  future. 

Mechanical  Refrigerators 

Large  commercial  refrigerating  plants  have 
operated  for  many  years  since  the  extensive 
demand  and  distribution  of  perishable  foods 
necessitated  the  establishment  of  large  storage 
houses  in  which  the  temperature  could  be 
regulated.  Although  a  great  deal  of  thought 
and  attention  have  been  given  the  develop- 
ment of  a  successful  small  refrigerating 
machine  for  home  use,  but  little  has  been 
accomplished  in  commercializing  this  proposi- 
tion until  the  last  few  j^ears. 

The  development  of  a  mechanical  re- 
frigerator for  domestic  purposes  involves 
many  difficult  features;  in  the  first  place,  the 
device    must    be    absolutely    foolproof    and 


highly  reliable,  since  it  is  impossible  to  give 
each  installation  frequent  expert  inspection. 
Moreover,  the  machine  must  operate  with 
practically  no  noise  since,  when  automatically 
controlled,  it  is  likely  to  start  operation  at 
any  period  during  the  twenty-four  hours. 
Also,  the  domestic  mechanical  refrigerator 
must  not  be  too  costly  to  install  if  it  is  to  be 
within  the  reach  of  the  average  household, 
and  the  cost  of  operation  must  approximate 
the  cost  of  the  ice  consumed  in  the  refriger- 
ators now  commonly  used. 

The  action  of  refrigeration  in  the  mechanical 
machine  is  caused  by  the  continuous  cycle 
of  evaporation,  recovery,  and  condensation 
of  the  refrigerants.  There  are  several  diff'erent 
liquids  available  as  refrigerants  in  the  com- 
pression type  of  machines ;  the  most  commonly 
used  being  ammonia,  carbon  dioxide,  ethyl 
chloride,  and  sulphur  dioxide.  On  evapora- 
tion, the  refrigerant  absorbs  heat  from  its 
surroundings.  The  gas,  bearing  the  latent 
heat,  is  then  drawn  into  the  compressor 
where  compression  of  the  gas  takes  place  with 
a  corresponding  increase  in  its  temperature. 
In  this  heated  gaseous  form,  it  enters  what  is 
known  as  the  condenser  where  the  heat  is 
extracted  from  the  compressed  gas  either  by 
running  water  or  air,  and  the  gas  condenses 
or,  in  other  words,  becomes  a  liquid.  This 
liquid  is  then  passed  through  an  expansion 
valve  to  the  evaporator  where  it  again 
absorbs  heat  from  the  surroundings. 

The  practical  method  for  obtaining  refrig- 
eration in  the  home  is  either  by  the 
direct-expansion  or  the  brine  system.  The 
direct-expansion  system  is  one  wherein  the 
refrigerant  is  evaporated  in  coils  of  pipe, 
or  other  containers  placed  directly  in  the 
compartment  to  be  cooled.  In  the  brine 
system,  the  refrigerant  on  expansion  cools 
a  brine  which  is  then  circulated  through 
cooling  units  located  in  the  compartments 
to  be  cooled.  The  motor  manufacturers' 
problem  is  that  of  producing  a  motor  with  the 
proper  characteristics  to  accommodate  itself  to 
the  load,  which  varies  appreciabh-  with  the 
different  phases  of  the  compressor's  operation, 
and  at  the  same  time  runs  wdth  practically 
no  noise.  The  noise  feature  can  be  appre- 
ciated when  it  is  considered  that  the  small 
integrating  watthour  meters  operating  on  a 
practically  negligible  amount  of  power  ha^•e 
been  objected  to  when  installed  within 
homes  on  account  of  humming  during  oper- 
ation. It  is  a  much  more  difficult  propo- 
sition to  produce  a  one  quarter  or  a  one  half 
horse-power   motor   which    wall   run    quietly 
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fiicili|;li  so  as  iidl  1(1  1)1'  (ilijcc!  icinalilc.  Tlic 
motor,  inori'o\'i'r,  niusi  lii'  capaMi.'  ol'  willi- 
slamliiiK  a  vory  wide  nuiKi'  <>!  tt'iiiin'raliirc; 
it  must  liavc  an  (.'xlrc'iiK'ly  low  starlinj,' 
i'urn.'iil  ill  onlci-  ihal  it  shall  not  dislurh 
ini'an(li.'si'i'iil  lii^hliiij^  on  the  same  circuit, 
and  it  must  liax'o  hcarinjjs  dcsij^'ncd  with 
\iMy  iiTccti\-c  oiiinj,'  devices  as  the  motors  are 
likely  to  be  neglected  and  \-ery  infrequently 
oiled.  In  order  that  the  ojjeration  of  the 
machine  shall  be  automatic,  the  motors  must 
be  controlled  by  a  thermostatic  switch 
adjusted  to  the  desired  ranj^e  of  temperature 
variation. 

It  is  safe  lo  jircdict  that  we  shall  see 
};reat  de\-ek)pments  in  mechanical  refrigerating 
machines  within  the  next  few  j'ears. 
Unquestionably  the  need  of  such  machines 
is  very  great,  a  need  which  is  increasing  as  the 
diflicullies  of  securing  ice  increase  every  year. 
The  mechanical  refrigerator,  moreover,  has  the 
advantage  of  giving  lower  and  more  uniform 
temperatures  and  dryer  air  in  the  cooled 
compartments  than  is  secured  where  ice  is 
used  for  refrigerating,  besides  freedom  from 
the  dirt  and  slime  of  the  melting  ice,  and 
independence  of  the  iceman's  visits. 

Exhaust  Fans  and  Blowers 

The  electric  fan  in  its  forms  of  exhaust 
fans  and  blowers  has  many  practical  uses  in 
the  home.  In  certain  cases,  its  use  is  almost 
a  necessity.  The  blowers  and  exhausters 
mainly  consist  of  an  electric  motor,  the  fan 
wheel  or  runner  mounted  on  the  shaft  of 
the  motor,  and  a  metallic  casing  about  the 
fan  wheel  furnished  with  exhaust  openings. 
Much  study  has  been  given  to  the  design 
of  the  fan  wheels  in  order  to  make  them 
efficient,  light  in  w'eight,  strong,  and  prac- 
tically noiseless  in  operation. 

The  exhaust  fan  is  very  useful  in  removing 
the  vitiated  air,  steam,  and  vapor  from  rooms, 
especially  kitchens.  It  is  usually  mounted  as 
high  as  possible,  as  the  undesirable  gases 
accumulate  in  the  upper  atmospheric  layers 
of  the  room.  The  use  of  exhaust  fans  is 
highh'  practical  during  the  %\'inter  months, 
when  doors  and  windows  cannot  be  left 
open  for  ventilation  on  account  of  the  waste 
of  heat.  The  exhaust  fan  is  much  more 
economical  of  the  heat  supply,  as  it  removes 
only  the  up])er  layers  of  air  which  should  be 
removed. 

The  small  portable  blowers  find  many 
other  uses  in  the  homes.  If  the  furnace  needs 
extra  draft  in  severely  cold  weather,  the 
blower  can  be  placed  in  front  of  the  furnace 


in  such  a  position  as  to  Mow  through  the 
opi'ning  in  the  ash  pit  beneath  the  grates, 
thus  foriing  tiie  furnace  to  increased  eflicicncy 
and  more  heat.  Jf  the  heat  register  in  a 
room  is  not  delivering  its  usual  amount  of 
heal,  the  l)lowcr  can  be  i)laced  beneath  the 


Fig.  14.      Improved  ventilation  without  drafts  can  b 
secured  by  a  motor-driven  exhaust  fan  or  blower 


register  in  such  a  position  that  the  register 
discharges  a  greater  volume  of  heated  air. 
If  it  be  desired  to  secure  more  heat  from 
a  steam  radiator,  the  blower  can  be  used 
to  direct  a  blast  of  air  over  the  heating 
surfaces,  the  heat  being  thus  extracted  more 
rapidly  from  the  radiator,  and  consequently 
the  room  heated  more  quickly. 

For  exhaust  fans  and  blowers  of  the  types 
described,  the  series  motor  is  very  satisfactory 
as  the  load  is  practically  constant.  Since  the 
load  increases  rapidly  with  increase  of  speed, 
there  is  no  danger  of  a  properly  designed 
motor  running  so  fast  that  the  fan  wheel  will 
be  driven  at  an  unsafe  speed.  The  motor 
must  be  dustproof  and  very  quiet  in  opera- 
tion; furthermore,  it  must  be  highly  reliable 
in  order  to  operate  for  a  considerable  time 
with  a  minimum  of  attention. 

Water  Pumps 

With  the  advent  of  modern  residences  in 
town  and  country  came  the  requirement  for 
water  under  pressure,  available  at  the  turning 
of  a  faucet.  In  cities  with  modem  water 
systems,  the  domestic  water  supply  under 
pressure  has  usually  been  adequately  pro\-ided 
by  the  city  water  ser\-ice.  There  have  been 
instances,  however,  where  there  remained  the 
problem  of  supph-ing  soft  water  under  pres- 


182     March,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  3 


sure  to  serve  the  bath  and  laundry.  In 
modern  country  residences,  where  city  water 
service  is  not  available,  there  was  the  double 
necessity  of  furnishing  both  hard  and  soft 
water  under  pressure.  To  solve  these 
problems,   the   pump  manufacturers  in  con- 


Fig.  15.  The  phonograph  manufacturer  recognizes  as  annoying 
the  necessity  of  having  to  wind  this  musical  instrument 
frequently,  and  in  consequence  has  tried  to  reduce  the 
annoyance  by  causing  it  less  often  through  the  use  of  larger 
capacity  motor  springs  in  his  higher  priced  instruments. 
Electric  motor  drive  eliminates  the  necessity  of  winding 
altogether.      The  motor  shown  is  of  the  spring  winding  type 


junction  with  the  electric  motor  manu- 
facturers have  worked  together  to  develop 
electrically  driven  water  pumps  which  will 
supplement  the  city  water  service  by  supply- 
ing soft  water,  or,  in  the  rural  homes,  will 
furnish  both  hard  and  soft  water  as  desired. 

This  water  system  consists  essentialh^  of  an 
electric  motor,  a  water  pump  driven  by  the 
motor  and  connected  by  piping  to  a  pressure 
tank  from  which  radiate  the  pipe  lines  to  the 
bath,  laundry,  and  kitchen.  As  water  is 
pumped  into  the  pressure  tank,  air  is  trapped 
and  compressed  in  the  tank  until  the  pressure 
is  as  high  as  desired.  An  automatic  switch 
operated  by  the  pressure  in  the  tank  then 
opens  the  motor  circuit  and  holds  it  open 
until  enough  water  has  been  drawn  from 
the  tank  to  reduce  the  pressure  appreciabh', 
at  which  time  the  pressure  switch  auto- 
matically closes  the  motor  circuit  and  starts 
the  pump. 

The  repulsion  induction  type  of  motor  of 
approximately  one  horse-power  capacity  is 
best  suited  for  operating  the  pump  of  such  a 
water  system.  This  type  of  inotor  has  ample 
starting,  torque  to  start  a  pump  against 
50  to  60  lb.  pressure,  and  moreover  has  the 
ability  to  deliver  the  requisite  volume  of 
water;  these  pump  systems  usually  have 
a  capacity  of  100  to  150  gallons  of  water  per 
hour,  lifting  it  to  a  height  of  120  feet. 

The  motor  for  this  pump  duty  must  be 
highly  reliable  and  durable,  as  it  is  placed 
in  a  basement  where  probably  it  will  receive 
but  little  attention.  The  winding  must  be 
moistureproof,  since  it  is  exposed  to  con- 
siderable   moisture.     The    motor    must    be 


very  quiet  in  operation  as  it  is  liable  to 
function  during  any  period  during  the  daj' 
or  night. 

Piano  Player 

The  development  of  the  player  piano 
created  an  immediate  desire  on  the  part  of 
the  public  for  a  motor  to  operate  the  air 
pump.  The  very  nature  of  the  application 
calls  for  a  motor  of  very  special  characteristics. 
The  standard  commercial  alternating-current 
and  direct-current  motors  proved  to  be 
unsatisfactory,  since  the  magnetic  hum  and 
noise  caused  by  the  bearing  and  brush 
friction,  etc.,  which  are  acceptable  in  ordinary 
applications,  could  not  be  tolerated  for  this 
purpose.  Due  to  limits  of  space  available 
for  the  mounting  of  the  motor  and  to  lack  of 
ventilation  in  such  mounting  space,  the 
difficulties  incident  to  making  a  successful 
motor  application  were  very  severe. 

Many  schemes  for  eliminating  the  noise 
of  the  motor  have  been  resorted  to  in  the 
application  of  motors  to  player  pianos,  such 
as  mounting  the  motor  in  a  suspension 
cradle,  or  on  a  sound-insulating  bedplate. 
Many  of  these  arrangements  which  at  first 
appeared  practical  were  finally  discarded, 
and  the  efforts  of  the  motor  manufacturers 
were  directed  toward  designing  a  motor  of 
very  low  magnetic  densities  and  perfect 
balance  in  order  to  eliminate  the  mechanical 
humming  and  all  other  noises  so  far  as  possible. 
The  alternating-current  and  direct-current 
motors  designed  for  this  specific  duty  are  of 
constant  speed  characteristics,  as  mot  ors  of 
variable  speed  have  been  found  inadequate 
due  to  the  fact  that  the  friction  and  the 
pump  loads  vary  considerably  with  the 
different  types  of  player  pianos.  Motors 
now  offered  to  the  trade  for  this  class  of 
application  have  been  found  to  give  highly 
satisfactory  service.  They  have  been  built 
to  be  very  reliable,  in  order  that  they  may 
operate  for  long  periods  of  time  with  very 
little  care  or  attention. 

Phonographs 

Up  to  this  time  much  eft'ort  has  been 
expended  on  the  development  of  a  successful 
motor  for  operating  a  phonograph,  even 
though  the  phonograph  manufacturers  them- 
selves have  not  manifested  any  great  interest 
in  the  production  of  an  electrically  driven 
phonograph.  There  are,  however,  a  few 
persons  who  belie\'e  that  electric  drive  for  the 
phonograph  is  a  good  commercial  proposition. 
They  ha^•e  encouraged  the  development  o 


I'LiccikicrrN    i.\  iini  si;ii(ii,i)  sickvicp; 


IK3 


rlrrii-ic  mohiis  I'di'  | iIk uic ij^rapli  (Irivf,  ami  af<' 
luin^in^  llic  |irii|iiisil  inn  iiKii'i'  slronj,'ly  In  llic 
aiii'iilioii  (if  \hv.  plu)iui^;rai)li  nianufaclurrrs. 
Al  llu'  iiri'sciil  liiiK'  there  are  two  wt'll- 
knnwii  nu'lliods  of  niakiiij^  the  applical  inn 
iif  ihe  I'kH'trii-  motor  to  llie  phonoj^rapli,  Imih 
iiu'lliinls  JKiA-inj,'  their  points  of  iiU'rit.  Jn  1  lie 
lirsl  inetlind,  lh(.-  motor  is  used  to  roplaee 
ihe  hand  ei-anl<.  The  seeond  metliod  of 
inakiiii^  the  apphcation  is  to  mount  the 
motor  either  abo\-e  or  beneath  the  i)hi)no^,'raph 
iurnlal)lc  in  such  a  manner  that  a  friction 
pulley  on  the  motor  shaft  drives  tlic  turntable 
through  direct  contact.  A  third  development 
ill  phonograph  motors  has  been  latelj- 
introduced.  This  latter  method  eliminates 
the  sjiring  motor  entirely  and  the  phonograph 
turntable  is  driven  cither  liy  direct  connection 
<ir  bell  connection  to  the  motor,  the  control 
being  obtained  by  a  centrifugal  governor. 
The  first  method  of  making  the  application 
requires  the  motor  to  be  small  and  comjjact, 
and  yet  able  to  develop  sufficient  torque  to 
accelerate  rapidly  and  wind  the  spring  motor 


Fig.  16.     Friction  pulley  type  of 
phonograph  motor 


Fig.  17      Self-contained  motor  drive  mechanisni 
for  phonograph 

to  a  certain  desired  tension.  The  motor 
is  controlled  by  an  automatic  switch 
which  turns  the  current  on  and  off  auto- 
matically at  predetermined  tensions  of  the 
phonograph  spring  motor,  the  automatic 
switch  being  a  part  of  the  electric  motor  as 


pressed  which  teini)orarily  cUjses  the  motor 
furnished.  The  control  in  the  second  method 
mentioned  is  also  automatic,  but  in  tliis  case 
ii  is  secured  by  virtue  of  a  centrifugal  switch. 
Wluii  the  motor  is  at  a  standstill,  the  circuit  i.s 
np(  II.     To  start  the  motor,  a  button  is  circuit. 


Fig.  18.  The  electric  motor-driven  vibrator  requires 
no  recommendation  to  the  mistress  of  the  house: 
and  its  master  finds  that  the  device  facilitatesshav- 
ing  operations  and  relieves  his  aching  muscles 


As  soon  as  the  motor  reaches  a  certain  speed, 
the  automatic  switch  closes  and  keeps  the  con- 
tacts closed  until  the  record  is  played,  at  which 
time  the  motor  is  stopped  by  a  mechanical 
brake  and  the  automatic  switch  opens. 

The  advancements  achieved  along  this  line 
of  motor  application  are  beginning  to  interest 
the  phonograph  manufacturers,  and  it  is 
believed  that  much  improvement  and  refine- 
ment can  soon  be  expected  along  the  line  of 
electrically  driven  phonographs. 

Vibrators 

For  the  past  fifteen  years  vibrators  and 
massage  machines  have  been  on  the  market, 
but  to  a  very  great  extent  their  use  has  been 
confined  to  the  barber  shops  and  the  medical 
profession.  Within  the  last  few  years,  how- 
ever, the  sale  of  these  equipments  for  home 
use  has  reached  considerable  proportions. 

The  standard  \'ibrator  consists  of  a  small 
high-speed  motor  unit  of  convenient  size  to 
be  handled  without  tiring  the  operator. 
The  cup  or  applicator  is  given  a  rotary 
\'ibratory  motion  through  the  medium  of  an 
eccentric  connection  with  the  motor  shaft. 
The  motor  is  required  to  de\-elop  a  very  large 
output  for  unit  weight  and  it  must  operate 
at  a  very  low  temperature.  Special  attention 
must  also  be  given  to  the  insulation,  as  anv 
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leakage  would  be  very  disconcerting  to  the 
operator.  The  device  must  be  so  designed 
as  to  operate  satisfactorily  with  practically  no 
attention. 

Hair  Dryers 

The  use  of  hair  dryers,  originally  confined 
to    hair-dressing    parlors,    is    now    becoming 


Fig.  19.  The  lady  of  the  house  furnished  with  an  electric 
motor-driven  and  electric  heated  hair  dryer  is  never  annoyed 
by  having  to  wait  for  a  warm  sunny  day  or  to  sit  with  her 
hair  wrapped  in  towels 

inore  frequent  in  the  home.  The  hair  dryer 
motor  is  essentially  a  small  high-speed, 
series-wound  motor  as  it  is  used  to  drive  a 
fan  which  forces  a  large  volume  of  air  through 
the  heating  units,  heated  either  by  gas  or  the 
electric  current.  This  application  requires  a 
design  of  motor  absolutely  free  from  insulation 
trouble,  very  light  in  weight,  foolproof,  and 
highly  reliable,  as  the  device  will  receive  but 
little  attention  on  the  part  of  the  operator. 

Automatic  Heat  Regulators 

Ever  since  the  furnace  system  of  heating 
was  introduced  in  homes  and  public  buildings, 
the  design  of  an  automatic  heat  regulator 
has  been  considered  of  vital  importance. 
Since  the  advent  of  the  furnace  various 
schemes  of  levers  and  chains  have  been 
worked  out  so  that  the  draft  on  the  furnace 
fire  could  be  manually  controlled  without 
making  a  trip  to  the  furnace  room.  These 
devices  have  in  the  past  been  quite  satis- 
factory; but  now  tliat  it  is  essential  that  not 
a  single  unnecessary  pound  of  fuel  be  burned, 
it  is  highly  desirable  that  furnace  fires  be 
automatically  controlled,  as  such  a  scheme 
properly  applied  should  eliminate  all  un- 
necessary consumption  of  fuel  and  at  the 
same  time  be  a  very  great  convenience. 
Accordingly,  a  very  great  deal  of  time  and 
energy  have  been  spent  in  producing  a  com- 
pact, practical,  electrically  driven  automatic 
heat  regulator. 

This  automatic  heat  regulator  is  a  device 
which  automatically  opens  and  closes  the 
dampers  on  the  furnace,  whether  it  be  a  hot 


water,  steam,  hot  air,  or  a  combination 
heater.  The  device  is  also  especially  appli- 
cable for  regulating  the  temperature  of 
buildings  heated  by  steam  from  a  central 
heating  plant. 

This  regulator  outfit  consists  -  of  '  a 
thermostat  and  a  small  fractional  horse-power 
electric  motor  with  the  necessary  gears  and 


.  20.  A  thermostat,  in  conjunction  with  the  motor 
mechanism  shown  in  Fig.  21,  will  assure  the  hot  air  furnace, 
steam  boiler,  or  hot  water  heater  maintaining  the  house 
at  a  constant  temperature  without  personal  attention  to 
the  dampers.  The  device  shown  can  be  set  for  any  two 
temperatures — one  for  daytime,  the  other  for  nighttime — 
and  the  shifting  from  one  to  the  other  is  accomplished  by 
the  eight-day  clock 


Fig.  21.  Motor  mechanism  which  changes  the  damper  settings 
and  which  is  automatically  controlled  by  the  thermostat 
shown  in  Fig.  20 

levers  to  operate  the  dampers.  The  ther- 
mostat is  placed  in  the  room  in  which  the 
temperature  is  to  be  controlled,  and  the 
remainder  of  the  outfit  is  installed  in  the 
basement  near  the  furnace.     The  thermostat 
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wliicli  contriils  llu'  (iporatinn  nl  the  wliolr 
iiK't'lKinism  is  sol  for  ;i  pri'di'liTiniiii'd  (loi^rt'o 
ijf  U'iii|n'i';iliiif,  ,111(1  :is  snciii  ;is  ihc  1cm- 
|iit;i1ui\'  1)1"  tlir  rcKnn  icaclii'S  that  ]iiiiiU.  tlic 
llK'nncistalii-  nu-lal,  ln'iulinj,'  with  llu'  heal, 
closi's  ail  (.li'c'lric-  ciri'uit  wliicIi  liy  ciicr>;iziii),' 
an  i'k\'linin;it;iH"l  rcleast-s  a  brake  on  llic 
motor,  llu'ri'hy  iionnittiii}^  tlio  (!n\in^;  shaft 
of  ilio  motor  to  make  a  lialf  ri'\-ohition,  wliifli 
action  doses  the  damper  on  tlic  furnace. 
When  tlic  temiicratnrc  in  llic  room  falls 
hclow  tlic  desired  ])oiiU,  the  thermostatic 
element  aj^ain  closes  the  circuit  lhrou};;h  the 
elect  roma}.;net,  the  motor  shaft  is  aj^ain 
released  and  makes  another  half  revolution 
which  oi)ens  the  datnpcr. 

The  thermostat  is  in  most  cases  furnished 
with  a  time  attachment  by  which  the  tem- 
]>erature  of  the  house  can  be  chanjjed  to  any 
desired  dc};;ree  at  an}-  predetermined  time. 
Thus,  it  is  possible  to  lower  the  tcmjieralure 
of  li\-in<j  rooms  automatically  ilurinj,'  night 
hours  and  to  raise  the  temperature  of  such 
rooms  to  a  comfortable  degree  just  previous 
to  the  time  they  are  to  be  occupied. 
By  this  automatic  process,  very  uniform 
temi)erature  is  obtained,  fuel  is  saved,  and 
the  life  of  the  furnace  is  increased  by  prevent- 
ing a  hotter  fire  than  is  necessary. 

The  motors  used  to  operate  the  mechanism 
will  operate  on  either  alternating  or  direct 
current,  but  where  alternating  current  is  to  be 
used  a  small  transformer  permanently 
mounted  on  the  motor  base  steps  down  the 
house  lighting  voltage  to  that  suitable  for 
use  at  the  motor.  The  cost  of  operating  one 
of  these  outfits  for  an  entire  season  is 
extremely  low.  The  motors  for  such  ser\ace 
naturally  must  be  very  reliable  and  further- 
more very  quiet  in  operation  as  they  may 
start  to  operate  at  almost  any  period  of  the 
day  or  night. 

Crude  Oil  Burners 

The  relatively  high  prices  of  coal  and 
the  difficulties  of  transportation  have  stim- 
ulated the  use  of  crude  oil  for  use  in  the 
southern  and  southwestern  sections  of  our 
country  where  the  many  great  oil  wells 
are  fovmd.  At  the  present  time  a  great 
many  installations  of  crude  oil  burners  have 
been  made  in  the  homes,  apartment  houses, 
hotels,  office  buildings,  factories,  etc.  To  a 
certain  extent,  such  installations  are  scattered 
throughout  the  United  States  as  crude  oil 
can  generally  be  purchased  at  a  comparatively 
low  cost  which  makes  it  competitive  with 
coal  as  a  fuel. 


The  ciiide  oil  burning  out  hi  s  coiisist  mainly 
of  the  jjurner  ami  a  small  dirfcl-ioniieclcd 
motor,  for  ojieraling  a  blovsxT  and  a  rotary 
oil  pump.  The  <ii!  is  pumped  from  a  supply 
tank  b\'  the  rotar\-  pump  into  the  |)alh  of  the 
,iir  leasing  the  blower      Tin-   oil    then  passes 


.  22.  The  firing  of  oil  has  usually  been  limited  to  industrial 
or  marine  applications.  This  small  oil  Bring  apparatus 
enables  this  fuel  to  be  burned  in  domestic  heating  furnaces 


through  an  atomizer  into  the  fire  chamber, 
igniting  as  it  leaves  the  atomizer.  By  this 
Ijrocess  a  small  volume  of  air  at  low  pressure 
thoroughly  mixes  the  oil  and  air  into  a 
combustible  vapor  for  burning  in  the  firebox. 
Ajjproximately  1800  cu.  ft.  of  air  are  used 
in  the  burning  of  one  gallon  of  oil.  The 
equipment  permits  of  adjustment  in  the  pro- 
portions of  air  and  oil,  so  that  practically  jjer- 
fect  combustion  can  be  assured.  In  operation, 
the  burning  of  the  oil  is  clean,  there  are  no 
ashes  or  other  dirt  accumulations  neither  is 
there  smoke  nor  any  disagreeable  odor.  The 
outfits  are  very  safe  to  operate  as  they  are 
equipped  with  automatic  circuit  breakers  and 
oil  shut-off  valves.  Moreover,  provision  is 
made  for  electrical  control  of  the  temperature. 
In  this  oil-burning  outfit  is  used  a  one 
quarter  horse-power  induction  motor  which 
runs  at  the  relatively  high  speed  of  3000 
r.p.m.  It  is  made  highly  reliable,  since  its 
duty  is  continuous  and  practically  no  attention 
will  be  paid  to  it.  Naturally  the  motor  must 
be  practically  noiseless  in  operation,  as 
noise  would  be  objectionable  at  any  hour  of 
the  day  or  night. 

Kerosene  Oil  Burners 

Much  eflort  has  of  late  years  been  spent  in 
an  endeavor  to  produce  a  satisfactory  and 
economical  kerosene  oil  burning  system. 
But  up  to  the  ]3resent  time  such  equipments 
have  not  been  generally  adopted,  probably  due 
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to  the  fact  that  it  has  been  cheaper  to  burn 
coal.  With  coal  prices  generally  increasing 
and  limited  transportation  facihties,  there  has 
been  a  greater  amount  of  attention  given  to 
the  development  of  kerosene  oil  burning 
equipment  for  domestic  purposes.      At  pres- 


Fig.  23.     A  general  utility  motor  which  has  a  remarkable  range 
of  application  to  devices  not  motor-driven 


ent  a  system  has  been  developed,  which, 
it  is  claimed,  can  be  operated  at  a  cost 
equal  to  that  where  coal  is  used;  such  oil- 
burning  equipments  permit  of  better  regula- 
,  tion  in  the  temperature  of  the  home  and  pre- 
vent overheating  and  consequently  waste  of 
fuel. 

Such  a  kerosene  oil  burning  equipment 
consists  of  a  small  combustion  chamber,  a 
blower,  and  a  float  chamber.  The  com- 
bustion chamber  is  placed  in  the  ashpit  of 
the  furnace.  A  cast-iron  pipe  projecting 
through  the  ashpit  opening  connects  the 
combustion  chamber  to  the  blower.  The 
blower  is  driven  by  a  one  fiftieth  horse-power, 
series-wound  motor  which  can  be  used  on 
either  alternating  or  direct  current  and  is 
designed  for  connection  to  any  convenient 
electric  light  circuit.     The  oil  fuel  is  fed  bv 


gravity  from  a  tank  arranged  beside  the 
blower.  As  the  motor  starts  the  blower, 
the  air  at  high  velocity  is  forced  through  the 
outlet  passage.  As  this  forced  draft  from 
the  blower  passes  through  the  outlet  passage, 
it  draws  fuel  from  the  float  chamber  and 
passes  through  the  cast-iron  pipe  into  the 
combustion  chamber  feeding  it  in  a  con- 
tinuous spray  of  oil.  The  fire  is  started  by  a 
gas  pilot  flame  located  in  the  combustion 
chamber.  The  kerosene  is  burned  in  this 
atomized  condition.  Practically  all  the  heat 
units  contained  in  the  oil  are  utilized. 
Provision  is  m_ade  to  secure  the  proper 
amounts  of  oil  and  air.  The  motor  opera- 
tion is  automatically  controlled  by  a  ther- 
mostat placed  in  one  of  the  rooms  to  be 
heated.  As  soon  as  the  temperature  in  the 
room  reaches  the  maximum  desired  point, 
the  motor  circuit  is  opened  and  the  fire  is 
extinguished.  As  soon  as  the  temperature 
falls  low  enough,  the  thermostat  automatically 
closes  the  motor  circuit,  the  outfit  starts 
to  operate  and  the  fire  is  automatically 
ignited  by  the  pilot  gas  flame. 

The  kerosene  burning  outfit  requires 
practically  no  attendance.  The  fuel  burns 
with  practically  no  soot  and  with  absolutely 
no  ash,  neither  is  there  any  disagreeable 
smoke  or  odors.  These  points  of  advantage 
are  so  much  in  favor  over  the  crude  oil 
burning  system  that  additional  impro\-e- 
m_ents  and  refinements  can  be  expected  in 
the  kerosene  oil  burners  as  the  future 
dem.and  grows. 

General  Utility  Motors 

In  modern  rural  homes  there  are  many 
devices  such  as  washing  machines,  ice  cream 
freezers,  cream  separators,  grindstones  and 
perhaps  small  shop  tools,  which  while  used 
only  intermittently  are  very  tiresome  to 
operate  by  hand.  It  is  very  desirable  to 
have  in  such  homes  a  general  utility  motor 
for  driving  all  such  de\'ices.  For  several 
years  electrical  manufacturers  have  con- 
sidered this  field  for  an  electric  motor,  and 
have  been  working  upon  the  development  of 
a  single-phase  motor  which  would  be  practical 
for  the  drive  of  all  of  these  miscellaneous 
machines.  Many  such  general  utility  motors 
proved  unsatisfactory  and  impractical  when 
tried,  as  they  did  not  have  the  proper  electrical 
characteristics  to  adapt  them  to  the  driving 
of  all  the  de\dces  in  question.  As  a  rule, 
a  comparatively  high-speed,  series-wound 
motor  was  the  one  tried  out  for  this  general 
utility    drive.       Such    motors    proved    un- 
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s;ilisf;H'l<ir\'  l)i'rausi'  m;iii\'  ul  the  lll.l<■llilu■^ 
sliniild  \k'  <li-i\-i'ii  al  iniislanl  spccil.  A  llKin' 
ri'ciMit  (li'\i'l(ipiiu'nt  n(  till'  j;i-iicfal  utilit>' 
nuildP  prDiuisfs  in  In-  liiy;lily  salisfai-lory  for 
ill  is  siT\  ill'.  1 1  is  a  i  niistaiil-spi-i'il  molnr  and 
is  staiidani  so  far  as  I'li'ilrii-al  i-liarai-U'ristii's 
are  i-oiu-criu'd,  lull  as  will  lie  nhst-rxi-d  il  is 
spociai  nu'i'liaiiiiallN'.  'riin.'i.-  driving,'  spirds 
aro  i)lUaiiK'd  in  this  inolor  by  si)ecial  pulley 
arranj^einonls  and  reduelion  fjears.  The  hi^'li 
sjieed  is  dhlained  from  the  small  V-Kroo\e 
pulley  direc-tly  mounted  on  llie  shaft  of  the 
motor  al  the  commutator  end.  The  hell  is 
used  upon  this  i)ulle>-  when  operatiiifj  washinj,' 
machines,  cream  sei)ai"ators,  ironinjj;  machines, 
and  similar  utilities.  The  step  pulley  on  the 
pulley  end  of  the  motor  is  ^esred  to  the 
motor  shaft  so  that  it  runs  al  a  jjreatly 
reduced  speed.  This  stc])  ])ulle\'  is  designed 
to  take  a  flat  belt  on  the  larj^er  diameter  and  a 
round  belt  on  the  smaller  diameter.  The 
belt  is  used  upon  one  of  these  pulleys  when 
driving  such  devices  as  the  ice  cream  freezer, 
large  diameter  grinding  stones,  corn  shellers, 
etc.  Practicalh-  the  same  amount  of  power  is 
given  by  these  geareil  pulleys  as  is  given  by  the 
small  pulley  mounted  directly  on  the  motor 
shaft,  as  the  gear  reduction  is  a  highly 
efficient  one. 

The  utility  motor  is  mounted  on  a  suitable 
tripod  which  allows  for  several  inches  of 
adjustment  in  height.  This  tripod  is 
stabilized  by  means  of  a  push  rod  which  can 
be  adjusted  to  press  against  the  machine 
being  driven,  or  to  anchor  to  the  floor,  so  as 
to  react  against  the  pull  of  the  belt  upon  the 
motor  pulley.     If  desired,  the  motor  can  be 


disiiiounlid  frnni  this  special  tripod  base  aiuj 
lir  bolted  to  the  work  bench  eir  macliiuf  lo  I)L' 
driicii  in  the  same  manner  as  any  ordinary 
mot  or.  To  facilitate  iimvinK  the  motor 
from  one  place  to  another  il  is  arranged  with 
a  carrying  handle,  the  motor  being  of  such 
wiight  that  il  is  readily  imrlable.  The 
motor  is  so  constructed  that  il  is  highly 
reliable  and  can  be  used  without  allenlion, 
other  than  an  occasional  oiling  of  the  bearings 
and  gears,  {{special  care  has  been  taken  in  the 
construi'tion  of  the  gearing  so  that  the  motor 
will  run  without  making  objectionable  noise. 

The  Central  Station  Viewpoint 

A  general  use  of  motor-driven  domestic 
utilities  means  a  consideral>le  revenue  to 
central  stations,  even  though  the  devices  are 
very  inexpensive  for  the  consumer  to  o]ierale. 
This  seemingly  inconsistent  statement  is 
true  because  the  power  companies  can  take 
care  of  this  additional  electric  service  at 
I^ractically  no  additional  expense,  as  the 
motors  for  the  devices  can  be  connected 
directly  to  the  house-lighting  circuits  without 
interference  with  the  lighting  service.  More- 
over, the  load  accruing  from  the  ojjerati  m 
of  these  domestic  utilities  is  largely  a  day 
load,  a  load  which  is  much  to  be  desired  by 
the  operating  companies.  The  field  for  such 
serWce  is  only  limited  by  the  number  of 
houses  wired  for  electric  service,  and  the 
possibility  of  electric  ser\'ice  meaning  not  only 
improved  lighting,  but  motor-driven  washing 
machines,  electric  vacuum  cleaners,  dish 
washers,  and  electric  refrigerators  will  cer- 
tainly tend  to  boost  house-wiring  campaigns. 
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Electricity  in  Household  Service 

PART  IV.     HEATING  AND  COOKING 

By  George  A.  Hughes 
President  of  the  Edison  Electric  Appliance  Company,  Incorporated 


Development  and  Use  of  Electric  Heating  Appliances 

"Edison's  dream  come  true"  has  a  fulfill- 
ment other  than  the  one  popularly  associated 
with  the  present  general  use  of  his  incan- 
descent lamp.  With  prophetic  foresight 
about  40  years  ago  he  predicted  that 
his  new  electric  system  would  one  day  not 
only  furnish  electricity  for  lighting  and  turn- 
ing the  wheels  of  industry,  but  would  be 
generally  used  for  heating  and  cooking  as 
well;  and  Thomas  A.  Edison  is  living  today 
to  see  a  remarkable  fulfillment. 

It  is  little  realized  that  20  or  30  years  ago 
inveritors  were  busy  taking  out  inventions  on 
electric  heating  and  cooking  appliances;  but 
for  many  reasons  the  time  was  not  ripe  and 
the  art  did  not  develop.  One  of  the  greatest 
difficulties  was  to  obtain  the  proper  materials 
to  make  durable  and  satisfactory  heating 
elements.  Now  designers  have  the  nickel- 
chromium  alloys,  which  have  been  developed 
in  the  last  few  years,  with  which  to.  make 
their  heating  elements.  These  alloys  are 
noted  for  two  most  important  characteristics : 
a  high  degree  of  non-oxidizability  at  red  heat 
and  a  high  specific  resistance. 

We  will  not,  however,  stop  to  discuss  the 
early  causes  that  retarded  the  commercial 
development  of  the  heating  business  or  the 
more  recent  causes  that  have  accelerated  it; 
but  will  state  that  the  last  few  years  have 
seen  a  remarkable  distribution  of  appliances 
and  a  development  of  the  heating  appliance 
business  which  has  now  grown  to  an  annual 
volume  of  13  or  14  million  dollars,  the  product 
of  200  manufacturers.  Heating  appliances 
have  passed  out  of  the  stage  of  mere  luxuries 
or  novelties  and  are  staples  of  modern  house- 
keeping. The  government  had  occasion 
recently  to  review  this  business  from  the  war 
priorities  standpoint;  and,  after  careful  study 
of  the  surprisingly  wide  use  which  these 
appliances  had  reached  and  their  place  in 
the  American  household  as  conservators  of 
fuel  and  of  human  effort,  it  was  recognized 
that  this  business  was  an  essential  industrv. 


with   certain   restrictions,  and  a    peace-time 
necessity. 

Even  under  the  war  conditions  of  1917,  a 
million  flat  irons  found  their  wa'y  into  homes 
to  lighten  the  laundry  burden  and  to  save 
millions  of  miles  of  steps  between  the  ironing 
board  and  the  stove.  It  may  be  of  interest 
to  note  the  estimated  number  of  electric 
heating  appliances  in  use  in  the  United  States, 
as  shown  by  Table  I. 

TABLE    I 

DOMESTIC     ELECTRIC      HEATING     APPLI- 
ANCES IN  USE  IN  THE  UNITED  STATES 
(Estimated) 


Grills 

Heating  pads .  . 

Teapots 

Heaters  and  radiators . 

Irons 

Toasters 

Percolators 

Chafing  dishes.  . 

Disks 

Ranges  and  hot  plates 

Water  heaters 

Miscellaneous 


150,000 
90,000 
10,000 

250,000 
4,000,000 

480,000 

150,000 
40,000 

250,000 
50,000 
35,000 
25,000 


5,530,000 


Electric  Cooking  in  Relation  to  Conservation 

The  subject  of  conservation  is  fresh  in 
everyone's  mind.  It  expresses  an  idea  which 
has  taken  hold  of  the  American  public  and  it 
is  hoped  that  it  will  be  an  enduring  one. 
Electric  heating  and  cooking  appliances  con- 
tribute in  a  very  large  measure  to  conserva- 
tion. 

The  conservation  of  fuel  is  best  illustrated 
in  the  electric  range.  No  doubt  one  of  the 
greatest  wastes  in  the  use  of  coal  is  in  the 
home.  Coal  cook  stoves  are  woefully  ineffi- 
cient in  changing  coal  energy  into  cooking 
energy.  By  far  the  greatest  amount  of  energy 
escapes  up  the  flue  and  only  a  small  fraction — 
about  two  per  cent — cooks  the  meal.     It  has 
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Ik'1'11  c<)iis<.T\ali\i'ly  cslimali'it  hysniiH-fXiKTls 
thai  tlic  avi.Ta^;t'  faiiiilN'  of  tivc  c-cmsuiiU's,  for 
cooking;  onh',  S()(l  lbs.  of  toal  moiUlily,  or 
iH'arh'  live  tons  aiiiniall\-.  On  tl\i' oIIkt  liaiid. 
lo  supijly  lliis  faiiiil\'  with  aiiiiik'  cookinj^ 
cutTiMU  llu'  oeiUral  slatioii  t)iirns  2(i()  lbs.  of 
coal  \)vr  monlli,  or  only  slij^luly  more  than 
one  and  one  half  Ions  |)cr  year  -otily  one 
liiini  as  much.  Thus,  by  means  of  elcclric 
(.'ookinj^  there  mij^ht  be  sax'ed  to  the  country 
o\er  three  tons  of  coal  per  family  jier  year. 

The  Society  for  lilectrical  Development  has 
estimated  that  the  !),()()(),()()()  domestic  coal 
raiifjes  in  the  United  States  consume  ()(),()()(),- 
IKK)  tons  of  coal  i)er  year  for  all  kitchen  pur- 
poses. Now,  if  the  central  stations  supplied 
all  these  coal-usinj;  homes  with  cookinj;  cur- 
rent only,  the  United  States  would  save 
L'7.(K)(),()()()  tons  yearly.  This,  together  with 
the  saving  b\-  use  of  cooking  current  generated 
by  the  water-power  central  stations,  would 
have  gone  a  long  way  towards  making  up  the 
annual  coal  shortage  of  .")().()()(), IKKI  tons  caused 
by  the  war.  Besides,  the  housewives  of 
America  would  have  been  relieved  of  the 
necessity  of  carrying  at  least  4.'), 1)00, 000  tons 
of  coal   vearl\-   from  their  coal  bins   to   the 


THREE-HEAT   RADIANT   GRILL 
This  grill  has  been  justly  called  a  "table  range."    It  boils,  broils 
fries,    stews,    toasts,    grills,    and    when    provided    with    ar 
auxiliary  oven  it  bakes  perfectly. 


ranges,  and  of  scooping  up  and  carrying  awav 
nearly  10,000,000  tons  of  ashes."  Untold 
millions  of  dollars  annually  go  curling  out  of 
cottage  chimneys.  The  little  flakes  of  soot 
from  your  own  kitchen  range  that  lights  on 
your  nose  as   vou  start   down   town   in  the 


morning  may  seem  lo  you  like  air\'  nothing, 
yet  it  represents  enough  waste  every  year  to 
found  and  endow  a  great  university  for  the 
people. 

In  further  considering  the  estimate  of  the 
coal    thai    might    be    saved    b\-  the    average 


HEDLITE   HEATER 
A  very  effective  as  well  as  novel  heater.     The  polished  copper 
reflector  is  concave.     This  intensifies  and  concentrates  the 
heat  generated  and  delivers  it  much  as  a  headlight  delivers 
light,  hence  its  name  "Hedlite." 


family,  where  a  central  station  supplies  the 
current,  it  should  be  borne  in  mind  of  course 
that  many  such  stations  operate  by  water 
power  instead  of  coal  and  in  such  cases  the 
saving  by  the  use  of  electric  cooking  would  be 
nearly  five  tons  of  coal  per  family  per  year. 

The  use  of  h}'droelectric  power  is  one  of 
our  greatest  moves  in  the  direction  of  con- 
servation. The  waste  of  this  power  is  a  waste 
indeed.  Coal  not  mined  today  can  w-ait  for 
future  consumption,  but  the  millions  of  tons 
of  plunging  water  represent  a  power  that  does 
not  accumulate  but  that  runs  away  to  the 
sea.  Saved  to  us,  it  would  vastly  aid  all 
industries  and  eflfect  enormous  savings  in  our 
resources  of  coal,  petroleum,  and  wood  prod- 
ucts. The  little  electric  flat  iron  itself  saves 
at  least  a  quarter  of  a  ton  of  coal  per  year, 
and,  w^hen  it  is  considered  that  there  are  about 
four  million  flatirons  in  use,  the  annual  coal 
saving  is  a  million  tons.     This  statement  is 
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based  on  the  following:  With  a  coal  con- 
sumption of  23^  lbs.  per  kw-hr.  at  the  central 
station,  the  flatiron  will  use  162  lbs.  of  coal 
per  year,  operating  two  hours  a  week.  Iron- 
ing with  coal-  or  gas-heated  irons  will  require 
50  per  cent  longer  to  do  the  same  work  because 


ELECTRIC   MILK    BOTTLE   WARMER 

The  utility  of  the  electric  bottle  warmer  is  obvious.  It  is  suflficient 

to  say  that  its  utility  is  exceeded  only  by  its  efficiency. 


of  the  time  spent  in  walking  to  and  fro  between 
the  stove  and  the  ironing  board  and  looking 
after  two  or  three  sad  irons.  A  coal  range 
uses  ten  pounds  of  coal  per  hour  when  iron- 
ing, of  which  there  may  be  credited  one  half 
to  other  uses  such  as  heating,  cooking,  etc., 
and  therefore  it  may  be  assumed  that  the 
annual  coal  consumption  per  iron  is  750  lbs. 
Or,  if  the  electric  iron  is  compared  to  the  gas- 
heated  iron,  there  should  be  figured  at  least 
an  annual  consumption  of  600  lbs.  of  coal  to 
generate  the  gas  required. 

Thus  far  we  have  endeavored  to  show  how 
electricity  conserves  things.  We  will  now 
briefly  suggest  how  electricity  conserves 
people. 

The  drudgery  of  hard  work  and  long  hours 
was  the  destiny  of  our  own  forebears,  in  the 
so-called  "good  old  times;"  and  the  vast  work 
of  running  our  modern  civilization  would  be 
impossible  with  our  own  puny  muscles.  Some 
expert  has  said  that  the  poorest  machine  in 


the  world  is  the  human  machine.  Consider- 
ing the  human  body,  mechanically,  as  a  maker 
of  products  or  as  a  Tenderer  of  industrial 
service,  the  modern  tendency  is  to  "junk" 
it,  and  to  substitute  a  much  more  efficient 
machine,  one  made  of  metal  and  endowed 
with  power  from  without, 
and  then  to  put  the  human 
being  in  charge  of  that 
machine  as  manager. 

This  is  conservation  of 
the  finest  kind.  It  is  re- 
leasing human  effort  for  a 
higher  and  greater  useful- 
ness and  greater  happiness. 
These  things  must  be  real- 
ized in  the  home  as  well 
as  in  the  office  and  factory, 
and  to  this  end  electricity 
with  its  many  conveniences 
and  appliances  is  of  the 
greatest  aid. 

Just  let  us  enumerate 
the  many  ways  this  mod- 
ern Cinderella,  Electricity, 
comes  to  perform  the  home 
drudgery.  If  the  room  is  a 
little  chilly  in  the  morn- 
ing, press  a  button  and  on 
comes  the  electric  heat. 
To  get  the  coffee  ready, 
turn  a  switch  and  the 
electric  percolator  gets 
busy.  To  fry  the  bacon, 
here  is  the  hot  plate  or 
radiant  grill  all  stoked  up 
and  waiting,  its  fire  drawn  from  a  central 
station  possibly  miles  away.  Does  the  floor 
need  sweeping?  Here  is  the  electric  vacuum 
sweeper.  Is  it  wash  day?  Behold  the  electric 
washer,  and  the  electric  iron.  There  are  the 
children's  dresses  to  make;  well,  there  in  the 
corner  is  the  sewing  machine  ready  to  run 
all  day  and  never  cause  a  complaint  of  back- 
ache. For  the  meals  of  the  day,  the  electric 
range  will  do  all  the  work  without  watching, 
worry,  smoke,  fumes,  dust,  ashes,  and  soot. 
And  as  for  sharpening  knives,  polishing  silver, 
turning  the  freezer,  running  the  meat-  and 
the  coffee-grinder,  electricity  is  ready;  just 
say  the  word,  and  the  muscles  of  the  coal 
mines  and  the  tendons  of  the  waterfalls  come 
leaping  across  the  land  to  do  your  bidding. 
At  e^-ening,  instead  of  getting  the  old  kerosene 
lamp  ready,  just  press  a  button,  and  every 
dark  corner  is  illuminated.  During  the  night, 
if  baby's  milk  needs  warming  or  if  grandma's 
feet  are  cold,   the  sun's  energv  that   stored 


l■;l,l■:(•^kl(■|'^^•  i.\  imi  si:ii()ij)  si'kX'ici';    iii;a'ii.\c.  and  cookinc,      \u\ 


ELECTRIC  TOASTER  GENERAL  ELECTRIC  TYPE  TWIN  GLOWER 

The  picture  shows  a  toaster  which  is  the  product  of  many  years  This  type  of  heater  is  very  novel  as  well  as  useful.    When  in  use 

of  study  and  experiment.    This  toaster  is  the  last  word  in  it  glows  brilliantly.    It  keeps  baby  comfy  while  he  is  being 

beauty,  strength,  economy,  and  durability.  bathed  and  dressed. 


GENERAL   ELECTRIC   TYPE   GRILL 
This  type   of  electric    grill    is   probably    the   most   efficient   yet 
devised.     Sturdiness.  beauty,  and  efficiency,  combined  with 
economy,  are  responsible  for  its  immense  popularity. 


ELECTRIC   GRILL 
It  is  possible,  with  the  modem  electric  grill,  to  prepare  breakfast 
(from  bacon  and  eggs  to  toast  and  coffee)  without  leaving 
the  table 
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itself  in  coal  a  million  years  ago,  brings  almost 
instantly  the  benediction  of  its  comfort. 

Electric  Heating  and  Cooking  Appliances 

Depending  upon  the  purpose,  various  classi- 
fications may  be  made  of  electric  heating  and 


Lid 


GENERAL  ELECTRIC  TYPE  RANGE 
An  exploded  view  of  one  of  the  most  modern  types  of  ( 
ranges.     This  range  is  equipped  with  sheathed  wire 
It  spells  doom  for  kitchen  drudgery 

cooking  appliances.  There  is  one  classifica- 
tion, however,  which  must  always  be  borne 
in  mind,  that  is,  one  of  wattage  consumption. 
This  is  a  very  practical  one :  not  one  of  theory 
but  "a  condition."  When  household  wiring 
came  into  vogue,  and  the  fire  underwriters 
began  to  make  rules  for  house  wiring,  they 
decided  that  each  branch  circuit  should  be 
limited  to  twelve  55-watt  lamps  or  a  total 
of  660  watts.  This  rule  is  in  force  today  and 
all  house  wiring  and  lighting  circuits  are 
arranged  on  this  basis.  This  means  that  no 
flatiron,  percolator,  or  other  heating  or  cook- 
ing appliance  which  consumes  more  than  (560 
watts  can  be  used  on  a  lighting  circuit.  All 
appliances  of  higher  wattage  require  special 
wiring  and  outlets.  This,  fortunately,  has 
been  no  handicap  to  the  electric  flatiron,  but 
it  has  been  to  many  cooking  appliances  and 
to  air  heaters.  The  fact  is  that  a  kilowatt- 
hour  generates  only  3412  B.t.u.  A  20-cu.  ft. 
gas  burner,  for  example,  generates  10,000  or 
12,000  B.t.u.  per  hour,  and  wastes  most  of 


these  heat  units.  It  is  obvious  that  660  watts 
does  not  represent  enough  heat  units  for  many 
operations,  even  at  the  high  efficiency  at  which 
electric  heating  appHances  utilize  this  energy. 
Architects  are  beginning  to  realize  the 
advantage  not  only  in  having  convenient 
outlets  throughout  the  house  in 
baseboards  and  walls,  but  also  in 
providing  heating  circuits  with 
proper  outlets,  not  only  as  a  con- 
venience in  being  able  to  add  heat- 
ing apphances  to  the  household 
equipment,  but  in  providing  for 
the  use  of  a  separate  meter  and 
the  possibility  of  a  special  heating 
and  cooking  rate  per  kilowatt-hour. 
For  the  purposes  of  this  article, 
however,  we  shall  confine  ourselves 
to  a  brief  description  of  culinary 
and  other  heating  appliances. 

Culinary  Appliances 

Culinary  appliances  may  be  sub- 
divided into  those  for  the  dining 
room  table  and  the  kitchen.  Table 
appliances  have  come  into  such 
vogue  as  to  need  hardly  any  de- 
scription. By  their  convenience, 
appearance,  and  general  accepta- 
bility they  have  introduced  a  new 
practice  in  American  households, 
that  of  preparing  coffee,  tea,  and 
^  toast,  and  performing  other  light 

operations,  such  as  grilling,  etc., 
on  the  dining  room  table.  Here 
the  hostess  or  other  members  of  the  family 
may  prepare  the  food  themselves  to  suit  their 
individual  palates,  without  going  into  the 
kitchen.  It  is  true  that  percolators  and 
chafing  dishes  operated  by  alcohol  have  been 
sold  for  a  good  many  years,  but  in  practice 
they  were  seldom  taken  off  the  buffet.  Table 
toasting  with  the  possibility  of  crisp  piping 
hot  toast  served  as  you  like  it  was  never 
thought  of  until  the  advent  of  the  electric 
toaster;  much  less  the  cooking  of  flap-jacks, 
or  the  grilling  of  chops,  or  the  frjdng  of 
breakfast  bacon.  The  electric  percolator 
may  be  largely  credited  with  establishing  the 
now  quite  general  practice  of  making  coft'ee 
by  the  percolating  process,  in  which  the  coft'ee 
is  not  boiled  or  steeped,  and  in  consequence 
a  minimum  of  tanic  acid  is  extracted  and  the 
lighter  volatile  oils  yield  their  captured  aroma 
to  the  coffee.  It  has  recently  become  possible 
to  obtain  electric  silverware  in  percolators, 
coffee  urns,  and  hot  water  kettles  in  de  luxe 
Sheffield  plate  to  match  the  most  beautiful 
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<liiiinj;  rooin  t'uinisliinj,'s  afUT  llu-  priiK'iiial 
poridil  (li'sij^ns,  such  as  {"hijiiJi'iKiak',  Adam, 
;ln(l  WTsailU-s. 

Talilo  ciiliiKU'N'  (ic\ici's  air  iml,  ImwcviT. 
liniili'd  111  tlu'  (liiiiiif^  rdinn  Imi  art'  nf  niii- 
viTsal  Imuscluilil  applifalidii ;  tlic\'  nia\-  l)c 
attached  to  any  lij;lilinj^ 
circuit  outlet,  especially  in 
the  den,  nursery,  or  sick 
room.  A  "staj,'"  luncheon 
can  be  prepared  in  the  den. 
The  5  0  S  call  from  the 
nursery  in  the  dark  hours 
of  the  nijjhl  may  be  quickly 
answered  with  the  bab\- 
milk  boUle  warmer.  The 
lialient  confined  or  quaran- 
tined in  a  sick  room  can  be 
nourished  with  the  nurse's 
own  dietetic  cookins;. 


The  inlroduclion  of  cluctric  cotikiny;  ile- 
jH-tids,  of  course,  upon  the  electric  station, 
its  rates  and  |)olicy.  More  tiian  four  thou- 
sand have  published  cooking  rates  of  (he  ceiiis 
per  kw-lir.  or  better,  and  many  have  .'{-cent 
rates.    At  tlie  latter  rale,  electric  cooking  may 


The  electric  range  i 
exaggerated,  ii 


Ranges 

The  electric  ran.s.;e  and 
its  auxiliary-,  the  kitchen 
tank  water  healer,  are  just 
lK'j:;inning  to  receive  the 
recoj:;nition  which  they  de- 
serve. From  the  stand- 
point of  the  cook  or  the 
housekeeper,  the  electric 
range  is  superior  both  to 
the  coal  and  the  gas  range. 
With  the  latter,  it  is  true, 
the  trouble  of  lugging  coal, 
of  carrying  away  ashes,  and 
of  kindling  repeatedly  are 
eliminated  and  the  heat  is  always  ready  at  the 
turn  of  a  valve  and  the  lighting  of  a  match ;  but 
the  electric  range  is  capable  of  positive  control 
while  the  gas  range  is  not.  A  far  higher  per- 
centage of  the  heat  energy  is  absorbed  in  the 
food  in  the  cooking  and  baking  operations  and 
very  little  goes  into  the  kitchen  to  make  it 
uncomfortably  warm  in  hot  weather.  The 
electric  range  is  much  cleaner  and  more 
sanitary  to  use.  The  uniform  results  that 
can  be  obtained  with  the  electric  oven  and 
the  hot  plates  is  difficult  to  express  in  words, 
but  it  is  greatly  appreciated  by  the  women  who 
have  used  both  gas  and  electric  ranges. 
Then  there  is  the  question  of  shrinkage. 
Edibles  in  the  electric  oven  do  not  tend  to 
become  dried  out  as  the}'  do  in  the  gas  range 
and  the  results  are  more  like  the  old  coal 
oven  in  the  hands  of  the  skilled  cook,  only 
the  results  are  even  better. 


*"Some  Features  in  the  Design  of  Domestic  Electric  Ranges." 
by  J.  L.  Shroyer.  General  Electric  Review.  Nov.  1917,  p.  88S. 


ELECTRIC   RANGE 
safe  and  sane,  clean  and  economical.      This  picture  is  not 
smuch  as  it  is  perfectly  safe  for  a  child  to  operate  it. 

be  successfully  exploited  in  competition  with 
artificial  gas  at  the  usual  rates.  The  principal 
electric  cooking  centers  have  been  in  the 
northwest,  southern  California,  and  eastern 
Texas;  but  include  some  of  the  eastern  cities, 
like  Milwaukee,  Boston,  and  Wilmington. 

The  evolution  of  the  electric  range  has 
finally  led  to  the  standardization  of  a  frame 
following  the  general  lines  of  the  gas  range 
with  ovens  and  hot  plates  similiarly  arranged. 
Most  of  the  electric  ranges  are  of  the  cabinet 
style.  Of  course,  there  have  been  many 
changes  in  the  construction  of  the  gas  range 
frame  to  adapt  it  for  the  electric  wiring  and 
connections  of  the  heating  elements,  and  in 
the  thermal  insulation  of  the  oven.  The  con- 
struction is  more  expensive  and  of  a  higher 
grade.  All  of  these  features  have  been  pointed 
out  and  discussed.* 

Flatirons  and  Other  Appliances 

The  present  success  of  the  electric  heating 
appliance  business  may  be  largely  attributed 
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to  the  flatiron.  The  flatiron  was  the  earliest 
appliance  to  come  into  general  favor,  and  it 
performed  such  a  distinctive  service  in  the 
household  that  the  way  was  opened  for  many 
other  household  appliances.  Reference  to 
the  Table  of  Domestic  Electric  Heating 
Appliances  in  Use,  Table  I,  will  show  that 
there  are  about  4,000,000  fiatirons  in  use  in 
this  country.  The  increase  in  the  use  of 
fiatirons  has  well  kept  pace  with  the  number 
of  houses  wired.  In  fact,  this  matter  of  house 
wiring  has  seemed  to  be  the  only  limitation 
to  the  business.  One  self-heeled  electric 
flatiron,  ready  in  a  moment's  notice,  has 
replaced  many  millions  of  the  flock  of  truly 
"sad"  irons  and  their  red-hot  laundry  stoves 
or  kitchen  ranges  and  eliminated  the  dreaded 
ironing  day  of  the  past.  The  only  desired 
improvement  or  refinement  in  the  electric 
iron  seems  to  be  the  development  of  a  really 
reliable  thermostatic  control  or  cut-out  to 
prevent  careless  overheating. 

Heaters 

The  electric  heating  of  buildings  has  been 
prohibitive  in  operating  cost,  even  at  the 
most  attractive  rates,  with  one  or  two  excep- 
tions, but  electric  radiant  heaters  for  con- 
nection to  the  ordinary  lighting  circuits  have 
been  quite  popular,  and  in  the  last  two  years 
have  sold  b}'  the  hundreds  of  thousands. 
The  idea  of  these  heaters  is,  of  course,  not 
to  heat  the  room  but  rather  to  heat  the  person 
by  direct  radiation.  In  fact,  if  it  is  merely 
a  question  of  supphdng  the  losses  of  body 
radiation  in  order  to  keep  comfortably  warm, 
only  a  few  watts  would  be  required;  but  the 
civilized  human,  especially  in  this  country, 
wants  to  move  in  an  atmosphere  of  warmth 
and  so  he  has  to  supply  the  radiation  losses 
from  the  entire  building  in  which  he  is  domi- 
ciled. However,  quite  a  number  of  large- 
sized  air  heaters  are  sold  each  year  for  auxil- 
iary purposes  and  for  special  applications. 
These  heaters  depend  for  their  action  on  the 
setting  up  of  convection  air  currents  and  the 
circulation  of  all  the  air  in  a  room.  They 
have  the  advantage  of  portability  and  of  low 
opei'ating  temperatures. 

Water  Heaters 

The  introduction  of  the  electric  range  has 
naturally  brought  up  the  matter  of  water  heat- 
ing for  the  kitchen  tank ;  and  various  success- 
ful types  of  heaters  have  now  been  developed 
for  this  purpose.  Those  generally  used  are  of 
two  types :  The  circulation  type  and  the  clamp- 
on  type.     The  circulation  heaters  are  made  in 


capacities  from  600  watts  to  5  kilowatts  and 
are  applied  like  the  circulation  type  gas 
heaters  to  the  kitchen  tank.  The  600-  to 
1000-watt  sizes  are  used  in  places  where  a 
special  flat  rate  is  made  for  water  heating,  and 
they  are  intended  to  be  in  circuit  practically 
all  the  time.  The  larger  sizes  are  for  inter- 
mittent use  and  are  controlled  by  three-heat 
switches.     The  heaters  for  continuous  opera- 


OUTSIDE  CIRCULATION  CLAMP  ON 

May  be  used  in  connection  with  Strap  this  unique  sheath-wire  unit 

any   range    boiler    to    maintain  around    any    range    boiler    and 

continuous  hot  water  service —  turn    on    the    current — it    will 

the  modern  way  of  "doing    it  keep    hot    water    "always     on 

electrically."  tap." 

tion  are  often  used  in  connection  with  a  range 
having  a  switch  so  arranged  that  the  water 
heater  will  be  cut  out  of  circuit  during  the 
few  hours  that  the  range  is  in  use.  This 
arrangement  cuts  down  the  maximum  demand 
on  the  central  station. 

The  advantage  of  a  circulation  water 
heater  lies  in  the  fact  that  it  takes  the  colder 
water  from  the  bottom  of  the  tank  and  delivers 
warm  or  hot  water  to  the  top  where  it  accu- 
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nuil;ilis  until  usni;  and  a  small  atnoiiiil  nf 
hot  water  can  l>i'  liad  (|tiic'l<l\-  wlu'ii  llu-  tank 
is  cold.  It.  also  lias  tlie  advaiilajjc  of  ron- 
ni'i'tion  to  any  standard  tank,  which  special 
l)uih-in  healers  do  not  have.  A  oomi)re- 
liensixe  description  of  domi'Stic  electric  water 
healiiii.:  ineludinj^  si)ecilic  data  of  Ihe  instan- 
taneous, inteniiitlenl  stora^'e,  and  conlinuous^ 
storaj^e  types  of  healer  has  appeared  in  Ihis 
niai^azine.* 

The  clami)-on  heater  was  sujigesled  by  Mr. 
iM.  A. Osborne  of  lhcWashinj:;lon  Water  Power 
Comi)any  al  S])okane.  Il  is  inlended  for 
conlinuous  use  only.  lis  }:;eneral  advantage 
lies  in  its  ease  of  a])plication,  for  it  may  he 
strapped  around  a  tank  without  interfering^ 
with  the  pi])in^  and  without  requiring;  the 
services  of  a  plumber.  Il  is  also  somewhat 
lower  in  first  cost.  There  is  a  slight  dis- 
advantage in  the  case  of  a  small  tank  when 
heating  water  electrically  and  the  lank  has 
become  cold.  This  may  be  overcome  jiracti- 
cally  by  providing  a  lank  of  ample  capacity,  so 
as  always  to  have  some  hot  water  in  the  tank. 

Future  for  Electric  Heating  Appliances 

An  immense  future  for  the  domestic 
heating  appliance  business  is  predicated  on 
the  extension  of  electric  central  station  service 
from  the  six  to  seven  million  homes  now 
served  to  the  possible  twenty  million,  and  to 
the  intensive  development  among  the  homes 
now  served;  it  is  predicated  on  the  great 
serviceability  of  electric  heating  and  cooking 
appliances  which  is  becoming  increasingly 
appreciated,  and  on  the  great  desirability  to 
the  electric  station  of  the  heating  appliance 
and  range  load  which  will  insure  its  being 
fostered  and  stimulated.  We  will  doubtless 
see,  in  the  near  future,  great  activity  in  house 
wiring  and  new  buildings;  an  activity  which 
has  been  checked  by  the  war  until  there  is  at 
present  a  great  scarcity  of  dwellings.  New 
sections  will  be  built  near  the  new^er  industrial 
plants,  even  new  towns  w-ill  appear  on  the 
map.  It  will  not  be  easy  for  gas  companies, 
in  cities  which  have  them,  to  compete  for 
these  new  extensions. 

With  the  per  capita  income  in  this  country 
higher  than  ever  before,  campaigns  on  house 
wiring  of  old  houses  wall  open  fresh  outlets  for 
heating  appliances,  and  central  station  lines 
will  reach  out  into  districts  never  before 
served. 

*  Electrical  Water  Heating  in  the  Household,"  by  J.  L. 
Shroyer.  Oct.,  1916.  p.  .S.56. 

t  '■  Electric  Range  Campaigning  by  the  Central  Station.'"  by 
HartwcU  Jalonick,  Oct..  1917,  p.  778. 


The  ii|)portunities  for  ilay  load  revenue 
jirovided  by  electric  healing;  appliances  are 
now  fully  rec()jjnizc<l  by  the  central  station 
managements  who  know  how  to  make  their 
lesideiu-e  customers  profitable. 

Referring  to  the  intensive  <levelopment  of 
customers  already  served  with  some  healing 
api)liances,  we  need  not  ijoint  out  the  accel- 
erating increase  of  the  number  of  small 
ai)i)liances  jx-r  home;  but  we  wish  to  cmi>hasize 
the  greater  possibility  of  the  electric  range. 
of  which  only  a  comi)aralively  few  thousand  " 
are  in  use,  compared  with  the  number  of 
electric  flatirons  for  example. 

The  war  put  a  check  on  the  exjjansion  of 
the  electric  range  business  just  at  a  time  when 
central  stations  were  preparing  to  go  into  the 
business  intensively  or  to  expand  their 
activities.  Now  lliat  the  war  is  over  they 
will  endeavor  to  make  up  for  lost  time.  As 
has  been  stated  in  the  foregoing,  the  recog- 
nition which  the  War  Industries  Board  gave, 
that  the  production  of  electric  ranges  was 
essential  on  account  of  the  savings  made 
possible  in  food,  fuel,  labor,  and  transporta- 
tion, and  the  fact  that  the  use  of  electric 
ranges  in  certain  locations  was  strongly  recom- 
mended by  various  government  agencies,  will 
undoubtedly  aid  more  in  the  introduction  of 
electric  cooking,  as  far  as  the  public  is  con- 
cerned, than  several  years  of  propaganda 
under  normal  conditions. 

Then  there  is  the  great  servant  question 
which  the  war  has  made  more  acute  and  which 
will  continue  increasingly  to  be  a  problem. 
Not  only  will  this  stimulate  electric  heating 
and  cooking  appliances  in  general,  but  many 
housewives  forced  to  do  their  own  cooking 
are  adopting  the  clean  and  convenient 
electric  range.  This  is  especially  illustrated 
in  the  South,  where  formerly  the  negro  ser\-- 
ant  situation  was  an  obstacle  to  the  intro- 
duction of  these  appliances,  but  during  the 
past  year,  there  has  been  a  decided  change. 

We  may  even  predict  that  the  servants 
themselves  will  soon  be  dem^anding  the  most 
improved  and  convenient  kitchen  equipm.ent 
which  can  be  obtained  and  which  is  found 
especially  in  the  electric  range. 

The  educational  work  alread}-  done  on 
conservation  has  already  made  many  people 
understand  the  advantages  of  electric  ranges 
in  effecting  a  definite  saA"ing  in  fuel  and  food. 
A  tremendous  business  is  therefore  in  sight 
for  the  electric  range,  and,  in  this  magazine, t 
its  ecomonics  and  importance  in  central  station 
development  have  already  been  set  forth. 
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Methods  for  More  Efficiently  Utilizing  Our 
Fuel  Resources 

PART   XXVI.     RAILROAD    ELECTRIFICATION  AS  A  FUEL 
CONSERVATION    MEASURE 

By  W.  J.  Davis,  Jr. 
Pacific  Coast  Engineer,  General  Electric  Company 

In  the  reconstruction  of  war  devastated  Europe,  large  quantities  of  coal  and  other  fuels  will  be  required, 
much  of  which  must  be  furnished  by  the  United  States.  Other  raw  materials  and  commodities  produced  in 
this  country  will  also  be  in  demand  and  must  be  moved  to  the  seaboard  for  export.  This  burden  on  our  railroads, 
in  addition  to  our  domestic  transportation  requirements,  marks  with  special  interest  the  subject  of  railroad  ' 
electrification  as  treated  in  the  following  article  which  is  an  expansion  of  a  paper  read  by  the  author  at  a  joint 
meeting  of  the  A.S.C.E.,  A.S.M.E.,  A.I.M.E.,  A.I.E.E.,  and  A.C.S.  late  last  year  in  San  Francisco. — Editor. 


In  making  a  study  of  the  possibilities  of 
conserving  our  available  supply  of  fuel 
through  the  electrification  of  the  railroad 
systems  of  the  United  States,  there  are  two 
points  from  which  the  subject  may  be 
viewed.    These  are: 

(1)  The  possible  saving  that  may  be 
effected  by  the  replacement  of  the  steam 
locomotive  equipment  now  in  use  with 
electric  locomotives  supplied  with  power  from 
modern  steam-electric  generating  plants  of 
large  capacity,  suitably  located  with  regard 
to  cheap  fuel  and  water  and  distributing  over 
large  areas  through  high-voltage  transmission 
systems.  (In  their  best  use,  these  plants 
would  not  only  serve  the  railroads  but  would 
supply  power  for  all  purposes  in  the  districts 
covered  by  them.) 

(2)  The  saving  to  be  expected  by  com- 
paring the  possible  performances  of  modern 
compound  steam  locomotives,  using  high 
superheat,  with  a  system  of  electrification 
and  power  supply  as  above  outlined. 

Basing  our  calculations  on  pre-war  condi- 
tions, it  is  found  from  the  Reports  of  the 
Interstate  Commerce  Commission  that  the 
total     gross     ton     mileage     movements     of 


the  railroads  in  the  United  States  for  the 
vear  1914  were  approximatelv  as  given  in 
Table  I. 

In  estimating  the  gross  freight  ton  mileage, 
it  has  been  assumed  that  the  net  ton-mile 
movement  of  the  freight  alone  will  be  approxi- 
mately equal  to  that  of  the  cars.  This  as- 
sumption applies  of  course  only  to  the  first 
four  items. 

If  we  assume  that  the  complete  electrifi- 
cation of  our  railroads  is  feasible  and  desirable, 
it  is  at  once  apparent  that  a  considerable 
saving  may  be  made  in  the  total  ton  mileage 
as  shown  in  Table  I.  In  the  third  item  of  the 
table,  Railway  Company  coal,  the  ton-mile 
movement  may  be  reduced,  as  will  be  shown 
later  on,  to  about  one  third  by  the  greater 
economy  of  electric  power  generation,  and  a 
still  further  reduction  will  follow  due  to  the 
location  of  many  of  the  central  power  plants 
near  the  mines,  and  to  the  use  of  such  hydro- 
electric power  as  may  be  available.  It  would 
appear  fair  to  assume,  therefore,  that  the 
ton  mileage  now  required  for  the  movement 
of  Railway  Company  coal  may  be  reduced  to 
about  25  per  cent  of  the  third  item,  or  to 
14,400  million  ton  miles. 


TABLE  I 

^ 

YEAR  1914 

POSSIBLE  SAVING 

Traffic 

Million 
Ton-miles 

Per  Cent 
of  Total 

Million 
Ton-miles 

Per  Cent 
of  Total 

166,400 

38,200 
57,600 
372,040 
148,200 
74,630 
186,890 

15.93                       

2.     Anthracite 

3.66 
5.51 
35.65 
14.20 
7.15 
17.90 

43,200 

19,566 
74,630 

4.i5 

5.  Locomotives 

6.  Locomotive  tenders 

1.87 
7.15 

Total 

1,043,960 
895,760 

100.00 

137,330 
117,830 

13.17 

Per  Cent  of 
Trailing  Load 

Total  trailing  load 

13.12 

Mi'.riK  IDS  I'Ok  Moki:  i:i-i'i(ii;\  ti.n  ri'ii.i/i.\c.  <»ri<  |-ii:i,  kicsol'KCKS  hit 


TIh'  sixth  iU'in,  ton-mile  niovi'iiH-iU  >>( 
locoinolive  tiMnlors,  may  he  ehininated  i-oin- 
i>ieleiy.  The  savinj;  in  the  third  and  sixtli 
items  will  reduee  the  trailinj,'  ton  niilea^je  hy 
1;M2  i)er  eent,  and  a  eorrespondinj,'  reduelion 
is  ])i)ssil)le  in  the  fifth  item,  loeomotive  ton 
mileaj;e.*  We,  therefore,  find 
that  the  total  ton-mile  move- 
ment of  all  of  the  railroads 
in  the  year  IUI4  would  ha\e 
been  api)roximately  !)()(>, ;i;i(i 
millions,  if  all  of  the  roads 
were  eleelrified,  a  savinj;;  of 
I0.2  per  eent. 

In  estimating  the  fuel  con- 
sumption of  the  electric  power 
plants  required  for  this  move- 
ment, we  can  take  as  a  basis 
for  our   calculations   the    re- 
sults of  some  tests  made  on  the 
Chicago,  Milwaukee  &  Puj^et 
Sound      Railroad,      between 
Three    Forks    and    Colorado 
Junction.     The    net    enerjjy 
consumjition  in  a  round  tri]i 
over    this    section    of    hea\'\' 
grades   and  cvirvature,  using 
regenerative      braking,     was 
23.73  watthours  per  ton  mile 
at  the  locomotive,  including 
power  required  for  all  of  the 
auxiliary     apparatus.       The 
energy    consumption    of    the 
same  train  on  level  track  of 
the    same    curvature    as    de- 
termined    from    the    known 
train   weights,    profile,    and   locomotive   effi- 
ciency was  found  to  be  20.4  watthours  per 
ton  mile.      These  results  are  of  particular 
interest    as    they    show    that    with    electric 
locomotives   and   regenerative   braking   it   is 
possible  to  eliminate   a  large   proportion  of 
mountain  grades  insofar  as  they  afTect   the 
power  required  for  moving  the  trains. 

Assuming  a  transmission  efficiency  of  72 
per  cent  from  the  power  station  busbars  to 
the  collectors  of  the  locomotive,  the  energy 
consumption  at  the  power  house,  using  the 
larger  test  result  as  a  basis,  is  found  to  be 
33  watthours  per  ton  mile. 

Assuming  then  a  total  ton-mile  movement 
of  906,330  millions,  the  energy  consumption 
required  by  complete  electrification  would 
be  30,000    million   kw-hr.,   to   which   should 

•  The  ratio  of  the  average  weight  of  the  locomotive  to  the 
weight  of  the  train  will  certainly  be  no  greater  in  the  case  of 
electric  traction  than  with  steam  locomotives,  even  without  the 
tenders,  and  it  may  be  less.  It  would  be  difficult,  however,  to 
estimate  this  factor  and  arrive  at  an  average  value  which  would 
be  at  all  accurate  for  various  conditions. — Editor. 


be  added  20  jier  cent  for  shifting  and  \anl 
ino\iiiunts  and  additional  reciuiremenls  of 
sui)uri)an  jju.ssenger  ser\'ice,  making  3('>.<I00 
million  kw-hr.  as  a  total  energy  consump- 
tion for  the  comijletely  electrified  system. 
On    the    basis  of   an    ojjerating   economy   of 


Six  10,000-kv-a.,  6600-volt  Generators  and  two  500  kw..  240-volt  Exciters  at  the  Volta 

Plant  of  the  Montana  Power  Comf)any.  Great  Falls.  Montana.      This  station 

supplies  power  to  the  Chicago,  Milwaukee  &  St.  Paul  Railway 

2.2  lbs.  of  coal  per  kw^-hr.,  the  annual  fuel 
requirements  for  electrification  would  be 
39.5  million  tons  of  coal.  The  actual  amount 
of  coal  consumed  by  the  railroads  in  1914. 
for  locomotive  use  alone,  including  an  allow- 
ance for  fuel  oil  on  the  basis  of  4  bbl.  of  oil 
per  ton  of  coal,  has  been  found  to  be  approxi- 
mately 120  million  tons,  or  about  three  times 
as  much,  and  the  total  saving  to  be  expected 
in  case  of  complete  electrification  would  be 
cSO.5  million  tons.  This  is  about  one  sixth  of 
the  total  coal  production  of  the  United  States. 
The  point  may  be  raised  that  the  foregoing 
calculations  are  hardly  fair  to  the  steam 
locomotiv-e,  as  we  are  comparing  a  highh- 
efficient  modem  electric  generating  system 
with  a  variety  of  steam  locomotives,  many 
of  them  of  old  and  inefficient  types,  and  that 
modem  compound  steam  locomotives  using 
high  steam  pressures  and  high  superheats 
might  accomplish  almost  as  great  a  saving  as 
would  be  obtained  bv  electric  haulage.    This 
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Southern  Pacific  Electric  Train:  Alameda  Division.      Motor  Ca 
with  four  G-E.  207.  600   1200  Volt  Motors  with  Type  1 

TABLE  II 

CENTRAL  STATION  STEAM  PLANT 

Assumed  steam  pressure,  lb.  gauge 300 

Superheat,  deg.  F 250 

Vacuum  (30-in.  bar) 28.5 

Temperature  of  steam,  deg.  F 672 

Total  heat  above  32  deg.  F.,  B.t.u 1345.8 

Available  energy  per  lb.  o[  steam,  ft.  lb.  .  .340,500 

Heat  efficiency 33.8 

Efficiency   of   turbine  including   generator^ 

losses,  per  cent ^8 

Efficiency  of  boilers,  per  cent 7o 

Thermal    efficiency    of    turbine-generator, 

per  cent  =  33.8X0.78X0.75= 19.8 

3412  _.  . 

B.t.u.  per  kw-hr.  at  generator  =  j-r^  =      .17,230 

B.t.u.  per  kw-hr.  at  switchboard  allowing 

2.5  per  cent  for  auxiliaries,  etc 17,660 

Assumed  load-factor,  per  cent 50 

B.t.u.   per  kw-hr.   output   of   plant   at   50 

per  cent  load-factor 21,200 

Estimated   lb.    coal   of    11,500    B.t.u.    per 

kw-hr.  output  of  plant 1-84 

Assumed  lb.  coal  per  kw-hr.  allowing  for 
average  monthly  operating  conditions, 
possible  deterioration  of  plant  effi- 
ciency due  to  bad  water  conditions  a.nd 
other  causes,   variations  in  operating 

personnel,  etc •  •  ■  ■  -^-^ 

Assume  average  efficiencies  of  transmission 
and  conversion  from  power  house  to 
drawbars  of  electric  locomotive  as 
follows:  . 

Step-up  transformers,  per  cent US.o 

Transmission  line,  per  cent 95  _ 

Step-down  transformers,  per  cent 97.5 

Conversion  apparatus,  per  cent 88 

Trolley  distribution,  per  cent 90 

Locomotive,  per  cent S8 

Combined    eff.ciency    power    house     to 

locomotive  drawbars,  per  cent 63.4 

lb.  of  coal  of   11,500  B.t.u.   per  drawbar 

h.p.hr.=g^X0.746= 2.59 


s  each  equipped 
[  Control 


cannot  be  true  owing  to  a  number 
of  factors  inherent  in  the  two 
systems,  the  more  important  of 
which  are: 

(1)  The  greater  utilization  of  the 
available  energy  in  the  steam  by  the 
large  central  power  stations  due  to 
condensing  operation  at  high  vacuum 
and  the  possible  use  of  steam  pressures 
and  superheats  beyond  the  estabUshed 
practical  limits  for  locomotives. 

(2)  The  improvement  of  load-factor 
on  the  power  plant  due  to  the  generation 
of  power  for  a  large  number  of  trains  at ' 
a  single  plant  and  the  use  of  central 
station  power  for  industrial  and  other 
general  purposes. 

(3)  The  almost  complete  elimination 
of  certain  variable  and  unavoidable  fuel 
losses  inseparable  from  the  steam  loco- 
motive. These  are  standby  losses,  waste 
of  coal  when  forced  draught  is  used,  and 
excessive  radiation  losses  in  cold  weather. 
These    losses    collectively   are    believed 

to  average  not  less  than  30  per  cent  of  the  loco- 
motive fuel.  .  „  ■     , 

(4)  The  steam  locomotive  is  essentially  a  single 
imit  plant  and  as  such  must  operate  at  a  much 
reduced  economv  as  compared  with  a  central  power 
station  consistiiig  of  three  to  eight  turbine-gener- 
ators, each  .of  15,000  to  45,000  kw.  and  10  to  7o 
boilers  of  large  capacity.  In  the  latter  case,  it  is 
possible  to  operate  the  various  elements  of  the  plant 
at  or  near  the  rating  for  which  they  will  give  their 
maximum  economy. 

(5)  Bv  the  use  of  CO2  recorders,  the  losses  due 
to  excess  of  air  in  the  combustion  chambers  of  the 
boilers  may  be  kept  at  a  minimum  in  a  large  power 
plant.  Close  regulation  of  the  air  is  impracticable 
on  a  locomotive. 

The  effect  of  these  factors  may  be  seen 
from  a  comparison  of  Tables  II  and  III  in 
which    the     econoiny    of    a    large    turbine- 

TABLE  III 

COMPOUND  LOCOMOTIVE   WITH 
SUPERHEATERS 

Assumed  steam  pressure,  lb.  gauge 225 

Operating  steam  temperature,  deg.  F.  .  .625 

Superheat,  deg.  F 227 

Total  heat  above  32  deg.  F.,  B.t.u 132b.b 

Available  energy  per  lb.  of  steam,  ft.  lb.  .  .  184_,o00 

Heat  efficiencv,  per  cent 18-5 

Efficiency  of   engine   (steam  and  mechan-__ 

ical),  per  cent \° 

Efficiency  of  boilers,  per  cent bo 

Efficiency  from  fuel  to  drawbar,  per  cent 

=  18.5X0.75X0.64= 9.02 

2550 
B.t.u.  per  drawbar  h.p.  hr.  =  q^q.^qj  =  •  ■  ■  -28,300 

Assume  load-factor,  per  cent 25 

B  t.u.  per  drawbar  h.p.  hr.  at  25  per  cent 

load-factor 46,000 

Assume    standby    and    other    unavoidable^ 

abnormal  losses,  per  cent 30  _ 

Total  B.t.u.  per  drawbar  h.p.  hr 60,/ 00 

Lb.  coal  of  11,500  B.t.u.  per  drawbar  h.p. 

hr 5.71 


Mirnions  i"(ir  muri;  l■:l•l■l(■|l•:^"l■I.^■  r'l'ii.i/.ixc.  oiR  I'Ticl  kksourcics  loo 


jjciuTator  slalion,  opiTatinK  luukT  sUain 
conditions  dcmonstratod  to  ho  coiiimcTcially 
^iiaitii'alik',  is  roiii])ari'd  with  that  of  a  lli^;h- 
jjradr  iimiiuiiind  locoiiiolixr  \V()l•kin^;  at  the 
maxiimiin  iinu'tii'ahk-  sti'am  i)ressurfs  and 
superheats. 


the  ))nssihihlies  of  inipruvemenl  in  sleam 
jinwer  ])lanl  economy  by  the  use  of  unusually 
iiij.;!)  sleam  ])ressures  or  sujterheals.  There 
an-  a  number  of  larv;e  sleam  ])o\ver  plants  in 
this  country  n(j\v  operalin^  under  a  monthly 
a\era>,'e  of  less  than  20,(1(10  B.t.u.  ]>vt  k\v-hr. 


Chicago,  Mil\\ai 
1450  tons 


1       ,,    Mini)  vtilt  Direct-current  Electrification 
nd  at  Donald  Summit  of  the  Rocky  Mounts 


Freight  tr 
I  Divide 


It  will  be  seen  from  these  tables  that  highly 
efficient  compound  non-condensing  steam 
locomotives  of  modern  t>-pe  operating  in 
railway  service  as  it  exists  today  would  be 
ex])ected  to  use  about  2.o  times  as  much  fuel 
as  required  by  an  equivalent  electric  system. 
If  we  assume  the  total  fuel  requirements  of 
the  two  svstems   to  be  in    the  ratio  of   the 


New  York  Central  Railroad  Electrification.     Twentieth  Cent 
train  hauled  by  Locomotive  No.  1166 

estimated  economies  shown,  with  allowances 
tor  reduced  ton  mileage  in  the  third,  fifth,  and 
sixth  items  of  Table  I,  the  saving  in  fuel  on  this 
1)asis  for  11*14  would  have  been  73  million  tons. 
It  is  believed  that  this  comparison  is  con- 
ser\-ative.  as  no  advantage  has  been  taken  of 


at  the  switchboard.  The  assumed  distribu- 
tion and  conversion  efficiencies  are  also  within 
the  limits  of  well-established  conditions  of 
design  and  operation. 

In  the  steam  locomotive  calculations,  the 
efficiency  of  the  engine  includes  all  frictional, 
condensation,  and  radiation  losses  in  the  engine 
when  operating  under  normal  conditions.  The 
standby  losses  cover  the  fuel 
required  to  kindle  and  clean 
fires  under  boilers,  and  main- 
tain the  steam  pressure  when 
the  locomotives  are  standing 
or  in  a  condition  where  no 
steam  is  being  used  for  loco- 
motion. A  sm.all  allowance 
has  also  been  m.ade  for  losses 
due  to  extreme  cold  weather 
and  abnormal  forced  draught 
conditions. 

In  our  final  consideration 
of  the  possibilities  of  fuel  con- 
servation by  electrification  of 
the  railroads,  we  must  not 
overlook  the  fact  that  in  large 
mited.  nine-car  steam  power  plants  it  is  feasi- 

ble and  often  economical  to 
bum  low-grade  coals,  whereas  the  steam 
locomotives  require  the  higher  grades  of 
selected  lump  coal.  This  will  release  a  large 
part  of  our  highest  grade  fuel  which  may  be 
applied  to  our  growing  merchant  marine 
demands  and  to  household  uses. 
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Methods  for  More  Efficiently  Utilizing  Our 
Fuel  Resources 

PART  XXVII.     FUEL  FOR  THE  MERCHANT  MARINE 

By  F.  P.\RK.MAN  Coffin' 
Research  Laboratory,  General  Electric  Company 

The  operation  of  our  huge  merchant  marine,  now  being  built  to  be  commensurate  with  the  extent  of  our 
foreign  trade,  will  consume  large  quantities  of  fuel.  The  present  plans  specify  oil  for  this  purpose;  but  we  should 
investigate  the  adaptability  of  powdered  fuel  for  marine  use  in  order  to  relieve  the  drain  on  our 
limited  petroleum  reserves.  Such  investigation  can  best  be  made  at  the  fuel  testing  station  of  the  Bureau  of 
Mines  in  Pittsburgh.  The  author  has  been  making  a  study  of  this  problem  for  some  time,  in  co-operation 
with  Mr.  Hudson  Maxim  and  other  members  of  the  Naval  Consulting  Board,  and  below  gives  a  comprehensive 
review  of  the  principal  problems  involved  in  connection  with  the  preparation,  handling,  and  burning  of  pow- 
dered fuels  on  shipboard.  Among  the  important  advantages  of  semi-coke  are  its  safety  in  storage  and  handling 
and  the  fact  that  it  can  be  made  by  carbonizing  lignite  and  many  low-grade  coals  which  are  more  widely 
distributed  than  high-grade  coals. — Editor. 


Now  that  the  war  is  over  we  can  return  to 
the  problems  of  peaceful  industrial  and 
technical  progress  with  some  new  points  of 
view.  The  demands  of  war  traffic  have 
shown  us  the  inadequacy  of  our  transportation 
facilities  by  land  and  sea,  and  the  lesson  has 
been  brought  home  to  us  as  it  could  have  been 
in  no  other  way. 

The  congestion  on  our  railways  had  a 
serious  effect  upon  our  coal  deliveries,  and 
coal  is  a  fundamental  necessity  for  both 
industry  and  transportation.  The  coal  famine 
of  last  winter,  and  the  scarcity  of  coal  in 
some  places  at  the  present  time,  provide  an 
object  lesson  which  has  awakened  public 
interest  in  the  matters  of  fuel  supply  and 
economic  fuel  utilization.  Therefore,  it 
should  be  easier  to  initiate  research  work 
that  may  lead  to  the  development  of  methods 
for  improving  these  conditions  in  the  future. 

The  Merchant  Marine 

For  oversea  transportation  we  were  much 
worse  off  than  by  rail.  At  the  beginning  of 
the  war  in  Europe  we  were  almost  entirely 
dependent  upon  foreign  shipping.  Many 
ships  were  withdrawn  from  trade  routes  for 
other  service,  and  others  were  sunk  by  German 
submarines.  All  German  ships  were  tied 
up  in  port  for  years.  We  are  now  com- 
mitted to  the  policy  of  building  up  a  strong 
American  merchant  marine,  and  we  are  build- 
ing ships  for  economic  permanency. 

American  shipyards  are  now  turning  out 
new  tonnage  at  a  greater  rate  than  those  of 
any  other  nation,  and  we  are  planning  to 
build  some  13,000;000  tons. 

These  ships  will  require  fuel,  and  plenty 
of  it.  American  seamen  receive  higher  wages 
than   those   of   the   nations   with   whom   we' 


must  compete  for  our  fair  share  of  overseas 
trade.  This  means  that  our  ships  must  be 
equipped  with  every  available  labor-saving 
device.  The  worst  labor  conditions  to  be 
found  anywhere  are  in  the  stokehold  of  a 
coal-burning  ship.  Practically  all  the  coal 
burned  under  ships'  boilers  is  still  fired  by 
hand,  and  mechanical  stokers  have  made 
very  little  progress  in  this  field.  They  have 
been  tried  on  a  few  passenger  ships  on  the 
Great  Lakes,  but  space  limitations  have 
been  the  determining  factor  in  the  type  of 
stoker  used.  It  has,  therefore,  been  necessary 
to  install  types  which  conserve  labor  only 
to  a  very  limited  extent.  Fires  must  still 
be  cleaned  by  hand  and  coal  must  be  shovelled 
from  the  bunkers  to  the  stoker  hoppers. 

Some  improvement  is  undoubtedly  possible 
in  the  line  of  mechanical  stokers  which  will 
ameliorate  fire  room  conditions  somewhat 
without  turning  to  other  fuels  than  lump 
coal.  A  more  complete  solution  of  the 
problem,  however,  lies  in  the  use  of  fuel  in 
liquid  or  powdered  form. 

Fuel  Oil  in  Marine  Service 

Oil  is  the  most  convenient  fuel  for  use  on 
board  ship.  It  can  be  pumped  aboard 
through  pipes  and  carried  in  the  double 
bottom.  It  can  be  pumped  to  the  burners 
and  then  blown  into  the  furnace  in  atomized 
form,  suspended  in  the  air  required  for 
combustion. 

It  can  be  mined  by  drilling  wells  and  then 
transported  through  pipe  lines  and  tank 
steamers  to  refineries  on  the  seaboard. 

Our  Petroleum  Resources 

If  our  petroleum  resources  were  anywhere 
nearly    comparable    to    our    coal    resources 
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wi-  co\ilil  ronsiik-r  oil  as  llic  uiiivrrsal  liU'l  liii- 
ships,  as  well  as  for  many  usi-s  on  land.  'I"iu- 
I'liiU'd  Slates  producos  ncarlv  two  Ihinis 
of  tlu'  woiiil's  suiii)l\'  of  i)(.'lroli'um,  hiil  our 
pnuhic-tion  is  lar^;ely  coiisiinii-d  for  puniosi-s 
for  which  it  can  coininand  a  hi^'hcr  ])ricc 
than  is  permissible  for  competition  with  coal 
on  shiphi>ard. 

Oil  fields  are  not  as  well  dislrihuted  for 
suijplyinj;  ocean  trade  routes  as  arc  the  coal 
fields.  Oil  must  therefore  be  transported  over 
jjrcatcr  distances  than  coal  in  sup])lyinj;  the 
majority  of  the  world's  seai)()rts,  Biil  owin},'  to 
its  liquid  form,  it  may  be  handled  more  eco- 
nomically than  coal  and,  in  many  i)laces,  it  can 
be  ])ii)ed  from  the  wells  to  the  seaboard. 

For  sources  of  oil  which  can  be  obtained  at 
a  sufficiently  low  price  to  enable  this  fuel  to 
compete  with  coal  in  the  merchant  marine, 
we  must  look  to  Latin  America,  and  par- 
ticularly to  Mexico,  where  low-<;rade  oil  is 
produced  in  quantity  not  far  from  the  sea- 
coast.  Only  a  part  of  Mexico's  oil,  however, 
is  of  a  low  grade. 

The  demand  for  gasolene  and  other 
valuable  petroleum  products  is  increasing 
at  a  more  rapid  rate  than  the  production  of 
the  crude  oil.  The  natural  sequel  will  be 
a  steady  increase  in  the  price  of  gasolene 
which  will,  in  turn,  encourage  the  further 
application  of  the  cracking  processes  for 
refining  an  increasing  portion  of  the  oil  now 
burned  as  crude  fuel  in  competition  with  coal. 
The  introduction  of  steam  and  semi-Diesel 
motors,  for  commercial  trucks  and  large 
passenger  cars,  will  develop  a  new  market 
for  kerosene  and  fuel  oil,  and  will  supplement 
gasolene  and  gradually  increase  the  price  of 
these  other  products  also. 

This  situation  will  also  afTect  the  better 
grades  of  oil  to  be  produced  in  Mexico  and 
South  America.  During  the  war,  the  produc- 
tion of  oil  in  Mexico  was  held  in  check  by  the 
scarcity  of  tank  steamers  for  exporting  it. 

The  United  States  Shipping  Board  began 
its  war  program  for  steel  shijjs  on  an  oil- 
burning  basis,  but  later  modified  this  practice 
to  the  extent  of  making  provision  for  burning 
coal  as  an  alternative  fuel  owing  to  the 
increasing  scarcity  of  oil.  Fuel  oil  was  a 
necessity  in  many  of  our  war  industries;  also 
for  our  navy  and  for  the  navies  of  our  allies. 

The  Shipping  Board  is  now  planning  to 
base  its  whole  steel-ship  program  on  Mexican 

•See  Part  X  of  this  series.  "Our  Future  Petroleum  Industry." 
tiv  W.  A.  Williams.  Geser.\l  Electric  Review.  January,  1918. 

t"  Petroleum:  A  Resource  Interpretation."  bv  C.  G.  Gilbert 
md  J.  E.  Pogue.  Bulletin  102.  Part  6.  United  States  National 


nil  as  fuel.  'I'his  makes  it  advisable  to 
carefully  examine  the  reliability  of  this 
source  of  oil,  and  the  wh(»ie  subje«t  of 
American  |)etroleum  resources  will  lie  treated 
in  detail  in  future  installments  of  this  series 
of  articles. 

The  data  collected  by  the  U.  S.  Geolo>;ical 
Survey  is  sufllciently  accurate  to  show  that 
in  this  country  more  than  one  third  of  the 
original  resources  of  ])elroleum  have  been 
exhausted  and  that  there  will  be  a  gradual 
slowing  down  of  i)roduction  before  very  many  . 
\ears  have  passed.* 

The  present  annual  i)roduction  of  jjelroleum 
in  the  United  States  is  about  ;i4(),()()(),(HI0 
barrels  of  which  40  or  .)()  per  cent  is  made 
into  gasolene  and  other  refined  jjroducts.  In  - 
litl.')  we  exported  .■).),()()(),()()(]  barrels  of  crude 
oil  and  refined  jjroducts. 

The  present  annual  production  in  Mexico 
is  about  .}(),()()(I,(K)(I  barrels,  of  which 
;5(),0()(), ()()()  are  shipped  to  this  country. 
The  potential  production  of  the  Mexican  oil 
fields  is  about  .'jOO.OOO, ()()()  barrels  annually, 
although  the  j^resent  pipe  lines  and  river 
barges  can  transport  only  about  7N,0()0,()()0 
barrels  to  the  seaboard. 

In  regard  to  the  petroleum  resources  of 
Mexico,  Gilbert  &  Pogue  say:t 

"It  is  not  unreasonable  to  expect  that 
further  exploration  and  development  will 
make  available  a  reser\-e  of  oil  in  Mexico 
equal  to  the  total  remaining  in  the  United 
vStates.  Little  in  the  way  of  petroleum 
imports  may  be  expected  from  other  parts  of 
the  world;  South  American  needs  will  probably 
more  than  absorb  the  future  output  of  that 
continent. 

"At  best,  the  deposits  in  Mexico,  if  fully 
available  and  barring  international  com- 
plications, would  put  off  the  period  of 
petroleum  exhaustion  in  the  United  States 
for  only  a  matter  of  say  a  couple  of  decades. 
It  would  seem,  so  far  as  such  things  may  be 
determined  from  the  outside,  that  Mexico 
would  take  the  lead  among  the  Republics  of 
Latin  America  in  developing  a  policy  in 
regard  to  petroleum  development  that  would 
prevent  production  from  exceeding  the  demand 
for  the  high-use  products,  as  this  legitimate 
drain  may  be  expected  largely  to  exhaust  the 
supplies  within  a  generation  or  two. 

"On  the  whole,  it  would  appear  to  be  for 
the  good  of  all  concerned  that  the  Mexican 
deposits  should  not  be  more  wastefuUy 
exploited  than  those  of  the  United  States,  for 
the  world  needs  the  full  ser\4ce  of  the  ag- 
gregate supply." 
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There  are  several  factors  which  contribute 
considerable  uncertainty  as  to  the  dependabil- 
ity of  this  source  of  oil.  About  700  wells 
have  been  drilled  in  Mexico,  but  six  of  these 
have  furnished  three  fourths  of  the  oil 
produced  by  that  country.  The  life  of  these 
phenomeiial  walls  is  difficult  to  predict. 
They  may  produce  oil  for  a  long  time,  or 
some  of  them  may  turn  to  water  in  a  few 
years.  One  "gusher"  got  out  of  control 
when  the  drillers  first  struck  oil.  It  caught 
fire  and  burned  for  56  da^^s,  then  suddenly 
turned  to  salt  water. 

The  policy  of  the  Mexican  Government  as 
regards  the  proposed  taxation  of  oil  lands  to 
an  extent  which  practically  amounts  to  the 
confiscation  of  undeveloped  lands,  and  the 
discouragement  of  further  exploitation  by 
foreigners,  adds  another  factor  of  uncertainty. 

Oil  Consumption  of  Freight  Steamers 

An  oil  tanker  of  10,000  tons  dead  weight 
capacity  equipped  with  a  2500-h.p.  geared 
turbine,  burned  24,000  barrels  of  oil  in  five 
months  during  which  time  she  steamed  32,SS0 
miles  at  an  average  speed  of  10.7  knots.  She 
burned  1.03  lb.  of  oil  per  shaft,  horse  power 
hour.  The  United  States  Shipping  Board 
is  building  fabricated  steel  cargo  vessels  of 
from  5000  to  10,000  tons  dead  weight  ca- 
pacity, but  the  present  policy  is  to  adopt  the 
larger  size  as  the  standard  for  new  con- 
struction. A  3000-h.p.  geared  turbine  should 
drive  these  vessels  at  a  speed  of  about  11.5 
knots  and  will  consume  oil  at  the  rate  of 
about  1.03  lb.  per  shaft  horsepower-hour,  or 
0.8S  barrel  per  nautical  mile.  Allowing  for  the 
fuel  burned  while  in  port,  we  may  assume,  in 
round  numbers,  that  these  ships  will  consiune 
at  least  one  barrel  of  oil  per  nautical  mile. 

In  the  trans-Atlantic  trade  they  will  make 
about  eight  voyages  per  year,  or  50,000  miles, 
and  on  longer  routes  the}^  may  spend  more 
time  at  sea.  One  thousand  of  these  ships  will, 
therefore,  consume  at  least  50,000,000  barrels 
of  oil  per  year,  and  will  represent  10,000,000 
tons  of  shipping.  Faster  vessels  in  the  passenger 
service  will  consume  fuel  at  a  higher  rate.  Our 
new  merchant  marine  mav  require  80,000,000 
or  100,000,000  barrels  of  oil  annually. 

The  Navy  Needs  Petroleum 

Many  of  the  newer  ships  in  the  navy 
burn  fuel  oil.     It  is  also  to  be  used  on  all 


*See  Part  XVIII  of  this  series.  "The  Extent  of  the  Use  of 
Pulverized  Coal  in  the  Industries,"  by  F.  P.  Coffin.  General 
Electric  Review,  May,  1918.  Also.  Part  V.  "The  Use  of 
Pulverized  Coal  on  Locomotives,"  by  V.  Z.  Caracristi,  November, 
1917. 


of  the  ships  now  building,  as  well  as  on  those 
planned  for  future  construction.  The  navy 
has  more  valid  reasons  for  burning  oil  than 
the  merchant  marine,  and  our  petroleum 
resources  are  inadequate  to  supply  both 
services.  Of  the  two,  it  will  be  easier  to 
meet  the  requirements  of  the  merchant 
marine  with  coal  than  the  more  exacting 
requirements  of  the  navy. 

Also,  the  navy  cannot  utilize  powdered 
fuel  until  the  industry  is  developed  and  coaling 
stations  are  equipped  in  many  parts  of  the 
world.  Then,  naval  vessels  might  use 
powdered  coal  as  an  auxiliary  fuel  and  burn 
it  under  a  few  boilers  at  ordinary  cruising 
speeds,  when  only  about  20  per  cent  of  full 
power  is  required.  When  full  power  is 
called  for  the  remaining  boilers  will  be  fired 
with  oil.  Ships  maj'  be  coaled  at  sea  from 
colliers,  through  flexible  hose,  by  means  of 
the  high-pressure  air  transport  system. 

Investigation  of  Alternative  Fuels 

It  would,  therefore,  seem  prudent  that 
our  government  should  begin  the  investiga- 
tion of  alternative  fuels  which  can  be  utilized 
with  the  same  economy'  of  labor  and  with  the 
same  efficiency  as  oil. 

There  are  several  possibilities  in  the  way  of 
powered  fuel: 

1.  Pulverized  bituminous  coal. 

2.  Pulverized  semi-coke. 

3.  Granulated  bituminous  coal. 

4.  Granulated  semi-coke. 

The  possible  adaptability  of  pulverized 
coal  for  marine  service  has  been  recognized 
for  some  time.  Pulverized  coal  has  made 
considerable  progress  in  the  mineral  and 
metallurgical  industries,  and  it  has  been 
successfully  applied  to  stationary  boilers 
and  locomotives.* 

It  has  not,  however,  been  applied  to  land 
boilers  on  a  sufficient  scale,  as  yet,  to  make 
an  impressive  showing,  or  to  a  sufficient 
variety  of  types  to  solve  all  the  problems  of 
furnace  design  that  may  arise. 

It  has  not  made  as  much  progress  in  boiler 
firing  as  in  industrial  furnaces  for  the  reason 
that  the  mechanical  stoker  had  been  perfected 
for  boiler  use  before  pulverized  coal  had  a 
good  start  as  an  alternative  fuel. 

Where  pulverized  coal  is  prepared  at  the 
plant  at  which  it  is  to  be  used,  the  problems 
of  handling  and  storage  have  been  successfully 
worked  out.  There  is  a  field  for  more 
development  work,  however,  in  connection 
with  the  problems  of  storage  and  handling 
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wliirli  will  arisr  wlicii  llir  prddiu'limi  of 
pulvi'ri/.c'd  i'<i;il  is  (Till  rali/.i'il  in  lar^,'o  phmls 
for  (fistrihutioM  lo  cohsuiiuts  on  land,  and 
to  ships. 

Piilvoiizi-ii  Coki- 

TIk'  application  of  i)o\\(k'ri.'il  fuul  in  ])o\vrr 
l)lants  and  on  shijis  inij,'ht  ])c  consick-rahh' 
stinnilated  by  centralized  ])r(Mluction,  I's- 
pi'cialh'  if  Ihc  i)lant  he  equii)])ed  for  carhoniz- 
iii>;  (i.e.  jiartialh-  coking)  hiluminous  or 
li^nitie  eoals  at  low  temperature.  In  this 
process  a  ])orlion  of  the  \"olatile  matter  is 
distilled  olY  for  the  recovery  of  hy-proilucts 
which  can  command  a  higher  ])rice  for  other 
inqioses  than  as  crude  fuel. 

The  semi-coke  ])roduced  can  he  pulverized 
and  is  better  ada])ted  to  safe  storajje  and 
handling];  than  pulverized  coal.  The  possible 
slight  tendency  to  develop  spontaneous  com- 
bustion in  storage  (which  some  skeptical 
engineers  base  their  objections  upon)  will 
then  disappear.  Also,  the  danger  from 
explosive  mixtures  of  coal  dust  and  air  will 
be  rendered  ]iractically  negligible.  The  cost 
of  jirejiaration  should  be  offset  b\-  the  returns 
froni  the  sale  of  by-products. 

Manufacture  of  Semi-coke 

Many  plants  manufacturing  gas  for  illumi- 
nation and  heating,  at  the  present  time,  coke 
the  coal  in  small  retorts  at  a  high  temperature, 
and  the  cost  of  operation  is  high.  Some 
of  the  low  temperature  processes  offer 
possibilities  for  a  sim.pler  plant  for  large  scale 
production. 

Less  gas  will  be  produced  per  ton  of  coal 
for  the  reason  that  some  of  the  volatile 
matter  will  be  left  in  the  coke,  and  this  will 
result  in  a  better  coke  for  burning  in 
pulverized  form. 

At  least  eight  per  cent  of  volatile  matter 
will  be  left  in  the  coke,  or  as  maich  more  as  is 
necessary  to  obtain  good  combustion. 

Anthracite  and  coke  breeze,  which  contain 
but  little  volatile  matter,  have  been  success- 
fully burned  in  pulverized  form,  but  are 
more  diflficult  to  ignite.  This  difficulty  has 
been  overcome  by  appropriate  furnace  designs 
for  burning  low-volatile  fuels.  The  processes 
in  common  use  for  making  metallurgical 
coke  and  for  the  manufacture  of  illuminating 
gas  produce  hard  coke  that  is  expensive  to 
pulverize.  About  30  per  cent  more  power 
is  required  for  pulverizing  a  ton  of  m.etallur- 
gical  coke  than  for  a  ton  of  bituminous  coal. 

•••Carbocoal,"  by  Charles  T.  Malcolmson.  A; 
of  Mining  Engineers,  September.  1918. 


Also,  the  capacity  of  the  pulverizer  is  reduced 
al)out  one  sixth  owinj^  lo  the  lixhlness  of  the 

coke. 

'{"here  are  several  i)rocesKcs  for  coking  c(jal 
at  low  leni])erature  under  (levclo|)ment  at 
the  present  time  in  the  United  Stales.  The 
go\-ernmenl  is  building  a  jjlant  in  south- 
western Virginia  that  will  use  one  of  these 
|)rocesscs  in  order  lo  obtain  by-products  for 
the  manufacture  of  cxjjlosives. 

In  this  jjrocess,  also,  some  of  the  coke  will 
he  compressed,  while  at  high  temperature, 
into  briciuetles  of  artificial  anthracite.  This 
should  be  a  useful  fuel  on  small  vessels  where 
it  will  not  pay  to  install  mechanical  firing 
systems.  It  can  be  fired  by  hand  and  will 
burn  freely  and  without  smoke.  In  regions 
where  lignite,  or  other  low-grade  coals,  are 
the  only  local  fuels  this  will  be  especially 
useful. 

Semi-coke  can  be  produced  from  many 
low-grade  bituminous  coals  and  lignites, 
as  the  volatile  impurities,  including  the  com- 
bined moisture,  are  driven  off  and  leave  just 
as  good  coke  for  ]julverizing  as  higher  grades 
of  coal.  With  the  development  of  this 
industry  it  will  be  possible  to  utilize  more 
sources  of  coal  for  bunkering  ships. 

Semi-coke  contains  all  the  ash  in  the 
original  coal  and  it  would,  therefore,  be 
desirable  to  clean  the  coal  by  washing  or 
otherwise  before  coking.  When  even  a  high- 
grade  coal  is  crushed  and  cleaned  a  con- 
siderable fraction  of  low-grade  constituents 
may  be  removed.  This  fraction  may  be 
utilized  at  the  preparation  plant,  in  gas 
producers  or  in  pulverized  form,  for  firing 
the  coke  ovens  or  marketed  for  local  use. 

*"The  percentage  of  by-products  recovered 
from  clean  coal  is  greater  than  that  recovered 
from  highash  coals;  therefore  the  careful 
preparation  of  the  raw  coal  by  washing  or 
other  means  is  profitable." 

Geographical  Distribution  of  Coal  Resources 

The  world's  coal  fields,  which  are  accessible 
to  tide  water,  do  not  all  contain  deposits  of 
high-grade  coal,  such  as  is  desirable  for 
bunkering  ships  with  a  minim.um  encroach- 
ment upon  cargo  capacity. 

The  countries  bordering  the  North  Atlantic 
are  exceptionally  favored  in  this  regard,  and 
especially  England  where  the  distances  from 
the  m.ines  to  the  seaports  are  short.  For 
this  reason  the  coal  export  trade  has  been 
one  of  the  m.ainstays  of  the  British  merchant 
marine.  Ships  wliich  bring  food  and  raw 
materials   to   England  carrv   return   cargoes 
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of  coal  at  low  freight  rates  to  less  favored 
countries  in  many  parts  of  the  world. 

Good  coal  is  produced  from  mines  which 
are  accessible  to  seaports  in  Natal,  vSouth 
Africa,  in  India,  and  in  south  Manchuria. 
The  Matanuska  field  in  southern  Alaska  is 
now  being  opened.  There  is,  however,  a 
much  more  extensive  field  of  lignite  located 
directly  on  tide  water,  on  Cook  Inlet  in 
Southern  Alaska.  The  Manchurian  and 
Alaskan  fields  are  the  only  ones  containing 
high-grade  coal  which  are  accessible  to  the 
shores  of  the  Pacific  ocean.  Canada  and 
Australia  have  medium-grade  coal  near  tide 
water  on  the  Pacific;  Washington  state, 
Chili,  Japan,  and  China  have  low-grade 
coal,  and  New  Zealand  and  the  East 
Indies  have  lignite.  China  has  high-grade 
coal  fields  far  inland,  without  railroad  out- 
lets as  yet. 

The  countries  bordering  the  Mediterranean 
and  the  South  Atlantic  have  resources  of 
lignite  and  low-grade  coals  but  only  a  few 
localities  where  better  coal  is  available. 

Pulverizing  Coal  on  Board  Ship 

At  first  it  will  only  be  possible  to  supply 
ships  with  powdered  fuel  on  certain  fixed 
routes,  as  in  the  trans-Atlantic  trade.  On 
trade  routes  where  only  lump  coal  is  avail- 
able, the  advantages  of  pulverized  coal 
firing  can  be  obtained  only  by  preparing  the 
coal  on  board  the  ship. 

The  usual  type  of  plant  for  drying  the 
coal,  and  then  pulverizing  it  in  low-speed 
mills,  is  very  cumbersome  for  installing  on 
ships.  A  simpler  type  of  high-speed  pulverizer 
which  can  be  coupled  directly  to  a  motor, 
and  which  does  not  require  preliminary 
drying  of  the  coal,  might  be  used  on  ships. 
The  multi-stage  paddle  type  of  pulverizer  is 
often  used  without  a  preliminary  dryer. 
A  part  of  the  air  for  combustion  is  circulated 
through  the  several  stages  in  series,  entraining 
the  fine  coal  and  carrying  it  to  the  burner 
in  suspension.  This  pulverizer  delivers  the 
coal  directly  to  an  individual  furnace  without 
intermediate  storage,  and  is  used  in  some 
installations  for  firing  rotary  dryers,  cement 
kilns,  and  lime  kilns. 

The  paddle  type  of  pulverizer  does  not 
always  give  a  fine  enough  product  for  firing 
boilers,  although  it  has  given  a  fine  product 
in  certain  tests.  Possibly,  if  the  coal  and 
air  were  passed  through  a  ' '  cyclone ' '  separator 
the  coarse  particles  could  be  returned  for 
regrinding,  as  is  done  in  other  types  of  mills, 
and  a  fine  product  obtained. 


Granulated  Coal 

A  new  method  was  tried  out  in  19 IS  bv 
Mr.  A.  M.  Hunt  for  the  United  States 
Shipping  Board.  A  pulverizer  of  the  hammer- 
mill  type  was  installed  on  a  small  coastwise 
freight  steamer  for  granulating  the  coal  to- 
a  product  ranging  from  dust  up  to  particles 
about  one  quarter  inch  across.  This  was 
delivered  to  a  storage  bin.  It  was  drawn 
from  the  latter  by  suction  and  entrained  with 
a  small  part  of  the  combustion  air,  then 
blown  into  the  furnace  of  a  Scotch  boiler  above 
the  grate,  and  without  interference  with  the 
firing  door. 

A  fire  was  first  built  on  the  grate  with 
lump  coal  in  the  usual  way.  Then  the 
"pneumatic  stoker"  was  started  and  the 
dust  content  of  the  granulated  coal  burned  in 
suspension  like  pulverized  coal,  while  the 
coarse  particles  settled  on  the  fire  bed  after 
being  semi-coked  by  the  radiant  heat.  This 
resulted  in  maintaining  a  free  burning  fire 
which  formed  much  less  clinker  than  usual 
and  which  was  easier  to  clean  by  hand. 
Only  a  little  hand  trimming  was  required  to 
maintain  an  even  distribution  of  the  coal. 
The  furnace  efficiency  was  found  to  be  com- 
parable to  what  could  be  expected  with 
pulverized  coal,  and  the  dust  content  was 
sufficient  to  give  an  ability  to  raise  steam 
rapidly,  to  meet  .sudden  calls  for  power, 
while  steaming  slowly.  In  this  respect, 
also,  the  flexibility  was  found  to  be  com- 
parable with  oil  or  pulverized  coal  firing. 

This  method  is  also  in  successful  use  on  a 
Niclausse  marine  water-tube  boiler  at  the 
Naval  Experiment  Station  at  Annapolis,  Md. 
For  some  types  of  marine  boilers,  including^ 
the  Scotch  boiler  and  possibly  the  A-type 
water-tube  boiler,  such  as  are  used  on  many 
naval  vessels,  this  method  of  firing  granulated 
coal  over  a  grate  will  undoubtedly  give  better 
results  than  pulverized  coal.  In  the  case  of 
horizontal  water-tube  boilers,  however,  pul- 
verized coal  might  be  superior  as  it  would 
eliminate  the  grate  and  the  cleaning  of  the 
fire.  However,  the  grate  must  be  kept 
ready  for  installation  in  case  reversion  to 
hand  firing  becomes  necessary.  If  the  fuel 
is  prepared  on  shore  this  will  only  be  necessary 
when  the  vessel  is  diverted  from  her  regular 
route  and  is  unable  to  obtain  pulverized 
coal.  The  change  can  be  made  in  port  when 
the  furnace  can  be  cooled.  If  the  fuel  is 
prepared  on  the  vessel,  however,  and  there 
is  trouble  with  the  apparatus  for  pulverizing 
or  conveying,  it  must  be  possible  to  revert  to- 
hand  firing  without  making  any  changes  in 


mi:tii(i1)S  I'dK  MdUi;  l;|■l•■|(■|l•:.\'|•l.^■  i  'iilizinc  oir  i'ii;i,  kicsourcivS  2o.> 


llic  luriKuc.  Also,  if  ]iiil\rii/c(l  coal  he 
pri'pari'd  on  thr  ship,  it  wimld  In-  iu-ci'ssar\' 
lo  install  s]iai\'  appai'aliis  to  allow  I'or 
oirasiotial  troiihk'. 

A  coal  storaKi'  l>iii  miKlil  '>('  installed  to 
tide  over  U'nii>orary  shutdowns,  imt  would 
introduce  an  additional  element  and  rendiT 
it  necessary  lo  se])arale  the  coal  and  air 
instead  of  carryin}^  the  fuel  in  susiiension  from 
the  pulverizer  directly  to  the  furnace.  More- 
o\er.  this  would  not  ])rovide  for  lonjj  shut- 
downs. 

Most  of  the  merchant  vessels  built  before 
the  war  have  Scotch  boilers;  also  about  one 
ijuarter  of  those  built  durin;^  or  since  the  war. 
The  \vater-tul)e  boiler  is  su])erior  i:i  man\' 
ways;  its  weif^ht  is  onl\-  about  half  that  of 
the  Scotch  c\'lindrical  boiler  and  it  is  more 
economical,  requiring  from  10  to  lo  per  cent 
less  fuel.  But  many  marine  enjjineers  are 
conservative  and  prefer  some  of  the  inherent 
qualities  of  the  Scotch  boiler,  so  it  ma\- 
survi\-e  in  the  merchant  service  for  man\- 
years.  In  equipping  Scotch  boilers  for  burn- 
ing pulverized  coal  it  would  probably  be 
necessary  to  line  the  front  end  of  the  cylin- 
drical furnace  with  firebrick,  to  form  a  com- 
bustion chamber,  as  hot  refractories  are 
necessary  for  reflecting  the  heat  in  order  to 
olHain  ignition  and  good  combustion.  This 
would  blanket  much  of  the  most  efficient 
heating  surface  in  the  boiler,  and  would  also 
make  it  difficult  to  install  a  grate  for  reversion 
to  hand  firing.  The  removal  of  the  ash  and 
slag  would  also  be  ditficult. 

Therefore,  where  fuel  is  pulverized  on  the 
ship,  granulated  coal  offers  a  better  solution 
of  the  problem,  as  the  ready  convertability 
of  the  furnace  to  hand  firing,  without  any 
changes,  is  an  advantage  even  in  the  case  of 
boilers  for  which  pulverized  coal  is  suitable. 

The  disadvantages  of  preparing  the  fuel 
on  the  ship  are: 

1.  The  weight  and  the  space  required  for 
the  pulverizer,  and  for  the  elevator  which 
will  be  needed  for  delivering  coal  from  the 
stokehold  to  the  pulverizer. 

2.  The  attention  required  for  their  opera- 
tion and  maintenance. 

•3.  The  coal  must  all  be  shovelled  by  hand 
from  the  bunkers,  and  transferred  to  the 
elevator,  across  the  fireroom  floor. 

4.  The  ship  must  continue  to  be  coaled  in 
the  old  way  with  the  accompanying  dirt 
nuisance. 

The  last  two  objections  apply  to  mechanical 
stokers  also. 


For  freight  vessels  of  moderate  power, 
however,  it  might  be  practical  to  ]itv]>hti: 
granul;iled  co;il  on  board,  ;ind  this  melhofl 
would  be  particularly  ajjplicabic  to  tramp 
steamers.  The  hammer  mill  was  not 
de\ilr)))e(!  for  this  kind  of  service,  but  the 
paddle  tyjie  jjulverizer  may  be  practical. 
I-'or  milling  tf)  a  granulated  jiroduct  it  would 
only  be  necessary  to  reduce  the  number  of 
stages  as  comjiared  with  the  number  re(|uired 
for  ])ulverizing  to  a  fme  jiroduct.  These 
machines  are  made  in  moderate  sizes  snii.il.li- 
for  small  installations. 

Preparation  of  Fuel  on  Shore 

For  high  ]jowered  vessels,  however,  it 
would  be  preferable  to  prepare  the  fuel  on 
shore.  Such  vessels  belong  to  regular  lines 
and  are  usually  operated  on  fixed  routes. 
Smaller  vessels  operating  over  the  same  routes 
should  be  included.  Granulated  coal  can 
be  dried  before  grinding  in  order  to  minimize 
the  tendency  toward  spontaneous  combustion 
in  storage  and  to  facilitate  handling.  It 
would  be  necessary  to  so  prepare  it  that  the 
dust  content  will  be  sufficient  to  fill  the  voids 
betw'een  the  coarse  particles  in  order  that  it 
may  not  occupy  excessive  bunker  space. 
Granulated  coal  can  be  handled  by  the  same 
methods  as  pulverized  coal  and,  if  the  coarse 
particles  are  not  too  large,  the  same  equipment 
might  be  used  which  has  been  developed 
for  handling  the  finer  material. 

Granulated  Coke 

What  has  been  said  in  regard  to  the 
possibilities  of  pulverized  coke  applies  equally 
to  granulated  coke.  Semi-coke  is  very  easily 
crushed  but,  in  most  varieties,  when  the 
cellular  structure  has  been  broken  up  and 
it  has  been  reduced  to  solid  particles,  these 
appear  to  be  harder  and  more  difficult  to 
pulverize  than  soft  coal.  One  of  the  low- 
temperature  processes,  however,  produces  a 
semi-coke  which  resembles  the  original  coal 
in  its  appearance  as  well  as  in  its  physical 
properties.  This  variety  can  be  pulverized 
just  as  readily  as  bituminous  coal.  In  any 
case  it  is  easier  to  granulate  material,  with 
the  production  of  a  large  proportion  of  dust, 
than  it  is  to  pulverize  it  all  to  the  degree  of 
fineness  required  for  burning  coal  in  sus- 
pension. 

The  hammer-mill  is  probably  the  most 
suitable  type  of  pulverizer  for  granulating 
coal  or  coke  on  shore.  Pulverized  coal  is 
prepared  in  several  types  of  mills  which  were 
originally    developed    for    grinding    cement 
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materials  and  these  mills  would  also  be  suit- 
able for  pulverizing  coke. 

Where  the  fuel  if  prepared  in  central  dis- 
tributing plants,  the  relative  ease  of  granu- 
lating rather  than  pulverizing  is  unimportant 
and  only  the  use  to  which  the  fuel  is  to  be  put 
should  be  considered.  Both  granulated  and 
pulverized  fuel  will  be  required  as  long  as  the 
Scotch  boiler  is  used,  and  ships  equipped  with 
this  boiler  will  require  granulated  fuel.  Ships 
having  water-tube  boilers,  however,  can  prob- 
ably use  pulverized  fuel  to  better  advantage. 
On  shore,  granulated  fuel  might  be  preferable 
in  the  case  of  small  steam  plants  for  heating, 
or  other  purposes,  while  pulverized  fuel  would 
be  preferable  for  large  power  plants. 

Burning  Powdered  Fuels 

In  burning  pulverized  coal  it  has  usuall}^ 
been  found  advantageous  to  have  a  large 
furnace  well  lined  with  refractories  to  hold 
the  heat  and  to  radiate  heat  back  to  the  cold 
incoming  fuel.  This  promotes  ignition  and 
is  especially  necessary  with  low-volatile  fuels. 
This  principle  is  also  used  in  furnaces  where 
lump  coal  is  burned  on  stokers.  It  is  espec- 
ially necessary  for  igniting  low-grade  coals. 
The  coal  should  be  blown  into  the  furnace 
at  a  low  velocity  and  given  a  long  enough 
travel  to  allow  the  combustion  to  be  com- 
pleted before  it  reaches  the  boiler  ttibes. 
Pulverized  coal  is  slower  burning  than  oil 
or  gas.  On  the  other  hand,  the  ash  holds 
the  heat  and  aids  the  attainment  of  complete 
combustion.  This  fact  is  more  easily  under- 
stood if  we  compare  it  with  the  burning  of  a 
correct  mixture  of  gas  and  air  in  contact 
with  incandescent  solids,  as  in  surface  com- 
bustion, where  complete  combtistion  is  readily 
attained. 

Horizontal  water-tube  boilers,  of  the  prin- 
cipal types  now  being  installed  by  the  United 
States  Shipping  Board,  should  be  equipped 
with  two  large  burners  for  pulverized  coal, 
rather  than  a  number  of  smaller  burners, 
such  as  are  used  for  fuel  oil.  They  should  be 
located  not  more  than  2.5  feet  from  each  side 
wall  in  order  to  heat  the  entire  width  of  the 
furnace. 

If  burners  are  located  too  near  the  side, 
the  wall  may  be  eroded.  The  gases  should 
not  impinge  on  the  refractory  lining  of  the 
furnace  until  they  have  slowed  down  to  a 
very  low  velocity,  otherwise  the  particles  of 
coal  or  ash  will  erode  the  wall  if  it  be  hot 
enough  to  be  in  a  plastic  condition.  Some 
walls  can  be  protected  by  a  blanket  of  air 
admitted  through  an  auxiliary  opening. 


Opposed  Tuyeres 

In  firing  certain  small  forging  furnaces  with 
pulverized  coal,  the  wall  opposite  the  burner 
has  been  eroded.  This  trouble  has  been 
overcome  by  admitting  the  secondary  air  for 
combustion  through  two  tuyeres  directly 
opposite  one  another  and  near  enough  for 
the  blasts  to  impinge  before  losing  velocity. 
The  small  blast  of  primary  air  carrying  the 
coal  is  admitted  in  the  center  of  one  of  the 
tuyeres.  When  warming  up  a  cold  furnace, 
a  hot  spot  is  visible  where  the  blasts  impinge. 
As  the  brickwork  becomes  heated  this  spot 
fades  to  a  uniform  glow  which  fills  the 
whole  interior.  The  introduction  of  coal  on 
both  sides  has  not  given  as  good  results. 

Opposing  flames  have  also  been  used  in 
burning  natural  gas,  but  have  not  given 
good  results  with  oil  as  the  tendency*  is  to 
cause  smoke. 

This  method  apparentlj^  has  not  yet  been 
applied  to  the  firing  of  boilers  with  pulverized 
coal,  but  it  looks  very  attractive  for  boilers 
with  small  furnaces  such  as  are  used  on  board 
ship.  The  secondary  air  would  be  supplied 
by  a  low-pressure  blower  and  piped  to 
oppositely  located  tuyeres  in  the  front  and 
back  of  the  furnace.  The  primary  air,  about 
one  eighth  of  the  total  quantity,  would  be 
supplied  by  another  blower  under  a  few 
ounces  pressure  and  delivered  to  a  nozzle 
located  in  the  center  of  the  front  tuyere. 
The  pulverized  coal  would  be  carried  in  an 
intermediate  storage  bin,  located  above  the 
fireroom  and  equipped  with  motor-driven 
feed  screws  at  the  bottom.  The  screws  would 
deliver  coal  to  the  primary  air  pipe  where  it 
would  become  mixed  with  the  air  and  carried 
in  suspension  to  the  burner.  In  entering  the 
furnace  the  primary  air  jet  flares  out,  owing 
to  the  eddies  caused  by  the  excess  of  its 
velocity  over  that  of  the  ■  secondary  air, 
and  the  coal  becomes  mixed  with  all  the  air. 

Opposed  tuyeres  should  be  particularly 
attractive  for  burning  low-volatile  fuels  as  the 
ignition  would  be  accelerated  by  the  mixing 
process,  and  it  should  be  applicable  with 
advantage  to  the  burning  of  granulated  fuel 
over  a  grate,  especially  with  semi-coke. 
Where  the  two  air  currents  impinge  they  lose 
velocity  and  this  will  give  the  coarser  par- 
ticles a  good  opportunity  to  settle  on  the 
firebed.  At  the  same  time,  the  fine  particles 
will  remain  longer  above  the  fire  and  subject 
to  the  influence  of  its  radiant  heat. 

If  the  coarse  particles  can  all  be  deposited 
in  the  front  half  of  the  furnace  of  a  water- 
tube  boiler,  it  mJght  be  possible  to  confine 
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llic  ^;r:ili'  In  lliis  arra  ami  allnw  asli  ami  ^la^;, 
iVom  llif  liu'l  hunu'il  in  sus])i'nsi()n,  to  si'tlli' 
nil  till'  lliiiir  of  tilt'  fiiniacc  in  llic  ivar.  'i'lir 
ijrati'  (.'ouUl  1)1'  slopfd  down  Ironi  Ihf  lirinj,' 
door  to  till'  lloor  to  tacililalf  ri'iiioval  of 
ashes  from  llu'  rear.  'Phis  will  providt-  more 
space  f<ir  Iniinini;  tlu'  pulverized  material 
where  the  lieiLjIlt  of  the  furnai'e  is  limited  and 
will  permit  the  use  of  fuel  with  a  larj^'e  I'ontent 
of  tine  material.  Where  there  is  suHieient 
hei};ht,  arranjjenients  can  \'v  made  for  duniii- 
iiij;  it  into  an  ash  pit. 

The  labor  of  eleaninj;  j^ralo  fires  mij;ht  l>e 
lari:;el\-  eliminated  hy  the  use  of  shakinj,' 
i^rales  similar  to  those  used  in  domestie 
lieatini;  furnaces.  There  are  grates  of  this 
type  on  the  market  which  are  used  in  con- 
nection with  hand-fired  boilers.  The  grate 
bars  are  of  various  shai)e's  and  can  be  rocked 
for  sliakin-:;  the  tire  and  dumpinj^  the  ashes. 
The  fact  that  larj^c  clinkers  are  not  formed, 
and  that  the  fuel  is  free  burning,  should 
facilitate  the  cleaning  of  the  fire  by  this 
method.  It  will,  however,  be  undesirable 
to  introduce  any  more  mechanical  devices 
than  are  necessary  as  aids  in  burning  pow- 
dered fuels,  for  it  will  detract  from  the 
simplicity  of  the  furnace  which  is  the  at- 
tractive feature  in  burning  pulverized  coal 
or  fuel  oil. 

Preheated  Air 

Preheated  air  is  used  in  connection  with 
many  Scotch  boilers  on  shipboard,  but  the 
temperature  used  is  quite  moderate.  In  the 
Howden  system  the  air  is  heated  to  200  or 
250  deg.  F.  in  some  instances,  in  order  to 
utilize  part  of  the  waste  heat  in  the  flue  gas. 
When  burning  semi-coke,  in  either  pulverized 
or  granulated  form,  preheated  air  should  be 
a  great  help  in  obtaining  good  ignition,  and 
the  hotter  the  better.  There  would  be 
temperature  limitations  in  the  case  of  the 
primary  air  for  carrying  the  coal,  and  for  the 
underfire  air  which  would  pass  through  the 
grate  in  burning  granulated  fuel,  but  the 
overfire  air  could  be  heated  to  the  practical 
limits  set  by  the  metal  in  a  preheater  working 
on  the  counter-fiow  principle. 

Boilers  might  be  operated  at  a  higher  rating 
and  equipped  with  heaters  of  sufficient  size 
to  recover  the  excess  heat  in  the  flue  gas. 
A  little  less  boiler  capacity  would  Vje  required 
and  this  might  compensate  for  the  extra 
space,  weight,  and  expense  required  for  the 
air  heaters. 

*lourna!  of  the  American  Society  of  Mechanical  Engineerf 
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ClirmiiiUy  of  Combustion 

ill  burning  pulverized  coal  under  watcr- 
liilie  boilers,  with  im|)r()|)er  eonflilioiis  for 
eoinl)USlion,  a  sticky  slag  sometimes  forms  on 
the  IuIk'S.  This  is  often  due  to  insunicient 
air,  or  to  a  ])oor  mixture  of  air  and  coal,  which 
results  in  a  local  excess  of  fuel.  The  following 
descrijition  of  the  chemical  actions  involveri 
in  the  combustion  of  pulverized  fuel  is  taken 
from  a  ))aper  by  J.  E.  Muhlfeld  on  "  J'ul- 
verized  Fuel  for  Locomotives."* 

As  a  f)ne-inch  cube  of  coal  exposes  six  square 
inches  of  area  for  absorbing  oxj-gen  and 
liberating  heat,  and  when  ]julverized  to  the 
])ro])er  fineness  will  expose  from  20  to 
25  sq.  ft.  of  area  for  oxidation,  the  first 
essential  for  complete  combustion  is  the 
breaking  up  of  the  fuel  into  dry,  minute,  and 
uniform  particles.  Then  by  diffusing  these 
so  that  each  may  be  surrounded  with  the 
right  cjuantity  of  air  for  complete  com- 
bustion, it  will  be  jjossible  to  bum  practical!}' 
all  of  the  available  combustible,  regardless  of 
the  percentage  of  non-combustible. 

Of  the  non-combustibles,  ash  contains  a 
mechanical  mixture  of  silica,  alumina,  iron, 
lime,  potassium,  sodium,  and  magnesium. 
The  "clinkering"  and  "honey-combing"  of 
ash  is  one  of  the  worst  troubles  to  be  con- 
tended with  in  the  combustion  of  coal,  and 
its  formation  may  be  either  chemical  or  by 
fusion. 

Clinker  is  of  two  kinds,  "hard"  and  "soft." 

"Hard  clinker"  is  formed  by  the  direct 
melting  of  some  of  the  ash  content.  It 
hardens  as  it  forms  and  usually  gives  but 
little  trouble. 

"Soft  clinker"  is  formed  by  the  slagging 
of  the  ash  and  is  either  pasty  or  fluid,  and 
steadily  grows  in  size. 

"Honej'comb"  or  "flue-sheet"  clinker  is 
formed  by  the  condensation  or  coking  of 
tarry  matter  or  \-apor  as  it  strikes  against 
the  firebox  sheets,  and  results  in  the  accumu- 
lation of  a  relatively  soft,  light,  ashy  substance 
that  grows  or  spreads  over  certain  of  the 
refractory  or  metal  parts  of  the  furnace. 

With  the  use  of  pulverized  fuel,  the  usual 
difficulties  resulting  from  the  formation  of 
hard  and  soft  clinker  on  grates  are  eliminated, 
but  with  fuels  containing  certain  intrinsic 
combinations  of  ferrous  silicates  which  fuse 
at  comparatively  low  temperatures  (2000  to 
2.300  deg.  F.)  the  honeycom_b  formation  will 
result,  when  the  proper  air  supply  and 
combustion  do  not  obtain,  to  produce  ferric 
silicates,  which  fuse  at  relatively  high  tem- 
peratures   (2500    deg.    F.    and    above).     For 
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example,  during  the  process  of  combustion 
ferric  sulphide  (FeSi),  commonly  known  in 
fuel  as  iron  pyrites,  is  reduced  to  ferrous 
sulphide  (FeS)  as  the  result  of  the  chemical 
reduction  illustrated  by  the  following  f ormtila : 
FeSo  =  FeS  +  S 

As  ferrous  sulphide  (FeS)  melts  at  a  com- 
paratively low  temperature  (213.8  deg.  F.),  it 
may  surround  itself  with  fuel  and  ash  and 
form  a  pasty  mass  which  ma}^  act  as  a  binder 
to  collect  other  ferrous  sulphide  (FeS),  fuel, 
and  ash,  all  of  which  maj*  tend  to  collect  on, 
and  adhere  to,  the  hottest  parts  of  the 
firebox  sheets,  such  as  staybolt  heads,  flue 
heads,  and  like  parts  which  are  higher  in 
temperature  than  the  melting  point  of  ferrous 
sulphide  (FeS)  and  the  surrounding  metal 
surfaces,  while  the  temperature  of  the  latter 
may  be  lower  than  the  melting  point  of  the 
ferrous  sulphide  (FeS). 

The  following  formula  shows  the  result  of  in- 
complete combustion  owing  to  insufficient  air : 
2  FeS  +  20  =  2  FeO+2S 

By  providing  sufficient  air  through  an  excess 
supply,  the  following  formula  shows  the 
result  of  complete  combustion ; 

2FeS  +  90  =  Fe20i  +  2SO, 

For  this  latter  process  an  oxidizing  atmos- 
phere must  at  all  times  obtain  in  the  firebox  to 
prevent  the  reduction  of  ferric  sulphide 
(FeS2)  to  ferrous  sulphide  (FeS),  as  expressed 
in  the  first  formula. 

The  ferrous  sulphide  (FeS),  as  has  been 
shown,  is  the  direct  cause  of  honeycomb,  for 
the  reason  that  it  produces  ferrous  oxide 
(FeO),  which  unites  with  the  silica  to  form 
a  honej^comb  that  is  very  fusible  at  tem- 
peratures over  2400  deg.  F.;  whereas  by  the 
production  of  ferric  oxide  (Fe^Os),  in  com- 
bination with  the  silica  present,  a  highly 
infusible  clinker  is  formed. 

As  a  general  rule  an  increase  in  the  per- 
centage of  silica,  alumina,  and  magnesium  in 
the  fuel  matter  will  tend  to  decrease,  while 
an  increase  in  the  jjercentage  of  iron,  lime, 
potassium,  and  sodium  in  the  fuel  matter 
will  tend  to  increase  the  fusibility  of  ash, 
but  in  every  case  a  relatively  high  percentage 
of  ferrous  oxide  (FeO),  resulting  from  an  insuf- 
ficient supply  of  air  for  combustion,  will  be  ac- 
companied by  honeycomb  formation  that  will 
tend  to  adhere  to  various  parts  of  the  firebox. 

Handling  and  Storage  of  Powdered  Fuel 

The  handling  and  storage  problems  are 
vital  to  the  success  of  any  plan  which  involves 


the  preparation  of  powdered  fuel  in  central 
plants  and  its  distribution  to  scattered 
customers. 

High-pressure  Air  Transport  System 

Pulverized  fuel  can  be  readily  handled  by 
means  of  compressed  air  and  blown  through 
pipes.  For  short  distances  it  can  be  carried 
in  suspension  in  air,  or  handled  by  screw 
conveyors,  but  for  longer  distances  it  is  more 
economical  to  use  the  high-pressure  air 
transport  system  which  blows  it  through  a 
pipe  in  the  form  of  alternate  slugs  of  coal  and 
air.  This  system  has  been  installed  in 
several  industrial  plants,  within  the  last 
three  years  or  so,  for  distributing  pulverized 
coal  from  the  preparation  plant  to  bins 
located  at  the  various  furnaces.  The  coal  is 
fed  from  the  pulverizer  to  a  pair  of  vertical 
cylindrical  "blowing  tanks."  These  are  al- 
ternately filled  and  discharged  into  the  pipe 
line  by  applying  compressed  air  on  top  of 
the  coal.  The  discharge  pipes  hang  vertically 
from  the  top  of  each  tank  to  within  a  few 
inches  of  the  bottom.  A  larger  curtain  pipe 
surrounds  the  discharge  pipe  within  the  tank 
and  is  open  at  the  top  and  bottom  to  allow  the 
air  to  reach  the  open  lower  end  of  the  dis- 
charge pipe  where  it  helps  to  entrain  and 
aerate  the  coal.  The  air  forces  the  whole 
mass  of  coal  slowly  downward  while  it  is 
being  discharged  upward  through  the  pipe 
in  the  form  of  alternate  slugs  of  coal  and  air, 
the  air  being  supplied  by  the  curtain  pipe. 
A  sort  of  pulsometer  action  takes  place 
between  the  coal  and  air  as  they  enter  the 
discharge  pipe.  This  is  caused  by  the 
building  up  of  static  pressure  until  the  coal 
slug  reaches  a  length  of  about  six  feet.  Then 
air  cuts  in  beneath  the  coal  and  flows  until 
the  excess  pressure  is  relieved.  The  coal 
is  finalh'  discharged  from  the  top  of  the 
tank  through  a  switch  valve  into  the  horizon- 
tal pipe. 

Pulverized  coal  is  being  blown  through 
four-inch  pipes  for  various  distances  up  to 
1700  feet,  using  a  maximum  pressure  of  about 
50  lb.  per  sq.  in.  at  the  start,  and  the  rate  of 
delivery  is  about  four  tons  in  five  minutes. 
The  maximum  capacity  of  a  four-inch 
transport  line,  served  by  a  compressor  with  a 
piston  displacement  of  2000  cubic  feet  per 
minute,  is  about  50  tons  of  coal  per  hour  for 
steady  operation. 

Dust  resulting  from  the  handling  of 
pulverized  coal  is  confined  to  the  containers 
and  piping,  and  the  spent  air  is  exhausted 
to  the  atmosphere  through  "cyclone"  separa- 
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tors  wliicli  iVfoviT  till-  iliisl  !)>■  ^•c■lU|•il'u^;;ll 
action.  These  are  loeatetl  in  the  receiviiij^ 
liin,  or  ailjaeenl  to  a  jjrou))  of  thein.  At 
the  end  oi"  each  Mow,  tlie  residual  eoin- 
pressed  air  in  the  tank  is  diseliar^^ed  lhrou^;ll 
the  line  to  clear  it.  The  amount  of  dust 
escapinj;  with  the  air  is  extremely  small. 
ICaeh  receivinj;  bin  is  connected  to  the 
transport  line  hv  a  S])ecial  switch  valve  which 
is  o])erated  cither  manually  or  1)\'  comi)ressed 
air. 

This  system  could  he  used  t"or  dislributin}^ 
either  pulverized  or  jjranulaled  fuel  for  a 
limited  radius  from  a  iJre])aration  or  storaj^e 
]>lant.  It  could  supjily  fuel  to  |)ower  stations 
and  industrial  plants;  also  to  tank  cars  or 
harjjes  for  further  distribution,  and  to  ships  at 
nearby  docks.  Barges  will  be  required,  how- 
ever, for  any  i;:eneral  distribution  to  ships,  or 
to  shore  plants  located  on  navitjablc  water. 

Storage  in  Bulk 

Pulverized  coal  will  settle  in  a  few  days 
so  that  it  will  not  flow  readily.  For  getting 
it  out  of  storage,  when  firmly  packed,  it 
must  be  re-aerated.  This  is  done  by  install- 
ing compressed  air  pipes  in  the  bottom  of  the 
bins,  with  air  jets  for  fluffing  up  the  coal. 
The  pneumatic  handling  systems  also  help  to 
loosen  and  aerate  it  during  the  process  of  dis- 
charging from  the  bin. 

The  behavior  of  coal,  in  this  regard,  is 
similar  to  that  of  other  pulverized  materials. 
Portland  cement  has  been  carried  in  bulk 
on  a  Great  Lakes  steamer  and  screw  con- 
veyors w'ere  installed  in  her  bottom  for 
discharging  the  cargo.  At  first  it  was  found 
that  the  cement  packed  during  the  voyage 
and  would  not  flow  well  to  the  conveyors, 
but  would  stand  up  in  a  nearly  perpendicular 
wall.  Compressed  air  piping  was  installed 
and  air  jets  were  used  for  fluffing  up  the 
cement.  This  treatment  restored  it  to  its 
original  degree  of  fluidity  by  aeration. 

These  facts  would  seem  to  indicate  that  it 
will  be  perfectly  practicable  to  prepare 
powdered  fuel  in  centraHzed  plants  and  to 
handle,  ship,  and  distribute  it  with  facility 
to  scattered  consumers.  This  is  now  being 
tried  on  a  small  scale  in  Seattle,  Wash.,  where 
pulverized  coal  is  being  prepared  at  the  mines 
of  the  Pacific  Coast  Coal  Co.,  and  distributed 
in  tank  wagons  to  the  heating  plants  in  some 
of  the  larger  buildings.  Granulated  coke 
should  be  better  adapted  for  distribution  to 
small  steam  plants. 

Powdered  coke  could  be  stored  on  land  in 
large   concrete    bins    which    should    be    kept 


iloscd  to  exclude  moisture.  If  pulverized 
when  lirsl  made,  the  sei)arate  drying  operation 
will  be  unnecessary,  an<l  it  should  be  kejil 
dry  to  make  it  readily  handleable.  The  bins 
need  not  be  absolutely  light  as  it  would  be 
easier  to  exclude  almos)jheric  moisture  by 
admitting  a  very  small  stream  of  dry  air 
at  the  top  which  will  leak  out  through  any 
ojjenings  in  the  tank.  Comjires.sefl  air  can 
be  used  for  this  jiurpose  if  the  excess  moisture 
is  condensed  in  the  after-cooler  of  the  com- 
pressor and  drained  off. 

This  method  is  also  a])i)licablc  to  ship's 
l)unkers,  for  ventilation  and  exclusion  of 
moisture,  and  should  be  less  expensive  than 
making  them  absolutely  air-tight.  They 
should,  however,  be  tight  enough  to  ];revent 
the  escape  of  dust  into  the  ship  while  coaling. 
Electric  welding  will  be  useful  in  making  the 
joints.  Where  the  bunkers  are  located  along 
the  sides,  the  ship's  jjlaling  can  be  made 
thoroughly  water-tight  by  electrically  welding 
a  fillet  at  the  edges  of  the  overlajjping  plates. 
This  can  be  most  readily  done  on  the  outside 
as  the  ship's  frames  would  be  in  the  way 
on  the  inside.  With  a  few  precautions  there 
should  be  no  difficulty  from  moisture. 

Spontaneous  Ignition 

If  pulverized  coal  be  kept  dry  and  cool  in 
storage  there  should  be  no  trouble  from 
spontaneous  ignition,  as  it  has  been  kept  in 
storage  for  a  year  or  two  without  trouble. 
In  other  cases  it  has  ignited  after  a  few  days 
storage,  but  usually  in  bins  near  a  furnace 
This  ignition  results  in  local  coking,  but 
combustion  can  proceed  no  further  without 
oxygen,  and  this  is  very^  slow  to  diffuse 
through  the  mass  of  coal.  The  tendency 
to  spontaneous  ignition  probably  varies 
greatly  with  different  coals  and  with  the 
volatile  content.  A  more  definite  knowledge 
of  this  matter  is  required  and  some  large 
scale  experiments  would  be  desirable. 

The  possibility  of  spontaneous  ignition  or 
dust  explosions  could  be  further  reduced  by 
using  compressed  flue  gas,  instead  of  air, 
for  filling  and  ventilating  the  bunkers  and  for 
fluffing  up  the  packed  coal.  The  flue  gas 
contains  only  a  little  oxygen,  but  it  should  be 
cooled  and  washed  with  a  water  spray  in 
order  to  prevent  sulphuric  acid  and  dust 
from  entering  the  compressor. 

Filling  and  Emptying  the  Bunkers 

The  simplest  method  for  transferring  the 
fuel  from  a  barge  alongside  the  vessel  to 
the  bunkers,  would  be  to  draw  it  out  of  the 
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barge  through  a  number  of  movable  suction 
pipes,  and  to  carry  it  in  suspension  in  an  air 
current  to  the  bunkers.  It  can  be  syphoned 
out  of  storage  by  an  ejector  operated  by  air 
from  a  centrifugal  compressor  at  pressures 
in  the  neighborhood  of  three  pounds  per 
square  inch.  This  method  has  been  success- 
fully used  for  drawing  granulated  coal  from 
a  bin  and  blowing  it  into  a  boiler  furnace. 
Syphon  feeders  of  a  similar  type  are  also 
used  for  delivering  pulverized  coal  to  the 
burners  of  open-hearth  steel  and  forging 
furnaces,  high-pressure  air  being  used  as 
motive  power.  The  air  flotation  system  is 
extensively  used  for  handling  pulverized  coal 
and  other  materials. 

Substantial  piping  should  be  installed  on 
the  vessel  and  flexible  hose  may  be  used 
between  the  barge  and  the  steamer.  The 
barges  would  be  similar  to  those  used  for  oil, 
with  a  few  bulkheads  and  dust-tight  com- 
partments. This  system  should  be  much 
cleaner  in  operation  than  the  present  methods 
of  coaling. 

The  air  and  coal  should  be  discharged  into 
the  bunker  through  a  cyclone  separator. 
The  air  should  preferably  be  returned  to  the 
compressor,  passing  through  a  second  separa- 
tor if  necessary,  and  used  over  again  in  a 
closed  cycle.  This  will  eliminate  the  possible 
escape  of  dust  with  the  spent  air.  It  will 
also  render  possible  the  use  of  flue  gas  in 
place  of  air,  and  the  use  of  turbine-driven 
compressors  installed  on  the  ship.  Many 
vessels  have  too  small  an  electric  plant  to 
furnish  motive  power  for  fueling  the  ship. 
During  the  voyage,  one  of  these  compressors 
can  furnish  the  motive  power  for  the  transfer 
of  fuel  from  the  bunkers  to  the  intermediate 
bin  over  the  boilers,  by  the  same  method. 
It  will  be  preferable  to  keep  this  operation 
separate  from  the  fuel  feed  to  the  burners 
as  the  latter  operation  requires  accurate 
control  of  the  coal  and  air. 

Feeding  the  Burners 

Pulverized  coal  can  be  burned  with  much 
less  excess  air  than  lump  coal  and,  con- 
sequently, with  better  efficiency.  Only  7 
to  15  per  cent  excess  air  is  required  for 
smokeless  combustion  as  against  50  to  125 
per  cent  for  coal  burned  on  stokers  or  fired  by 
hand.  It  is  evident,  therefore,  that  the  coal 
in  the  intermediate  bunker  should  be  well 
aerated  in  order  that  it  may  feed  readily  to 
the  screw  and  enable  the  fireman  to  control 
the  proportion.  In  practice,  it  has  been 
found   easier   to   control   the   proportions   of 


pulverized  coal  and  air  than  is  the  case  when 
burning  oil. 

Relative  Fuel  Efficiencies 

Under  good  conditions,  fuel  oil  can  be 
burned  under  marine  boilers  with  about 
12  per  cent  better  efficiency  than  hand  fired 
coal;  and  an  equally  good  efficiency  may  be 
expected  of  pulverized  coal  from  results 
obtained  with  stationary  boilers.  Granulated 
coal,  also,  has  given  better  efficiency  than 
hand  fired  coal.  As  the  available  supply  of 
stokehold  labor  is  often  of  a  low  order  of 
intelligence  and  skill,  it  is  reasonable  to  expect 
that  powdered  fuels  may  be  burned  on 
shipboard  with  at  least  20  per  cent  better 
efficiency  than  lump  coal.  When  we  con- 
sider the  superior  ability  to  maintain  steam 
pressures,  under  adverse  conditions  and  with 
poor  coal,  it  is  evident  that  the  average 
thermal  efficiency  of  the  engine  will  also  be 
higher. 

Relative  Bunker  Capacities 

The  bunker  space  required  for  the  storage  of 
loose  pulverized  coal  is  greater  than  for  lump 
coal,  about  40  per  cent  more  space  being 
required  for  the  same  weight  of  coal.  Assum- 
ing that  pulverized  coal  may  be  burned  with 
20  per  cent  better  efficiency  than  lump  coal, 
the  excess  volume  as  compared  with  run-of- 
mine  coal  will  be  about  17  per  cent. 

Then  there  is  the  possibility  of  shaking 
down  the  pulverized  coal  when  the  bin  is 
being  filled.  Pulverized  coal  when  carried 
on  the  tender  of  a  locomotive  soon  loses 
about  one  third  of  its  original  volume  by 
the  loss  of  included  air.  Condensing  the  coal 
might  be  accomplished  by  vibration  produced 
by  electrical  or  pneumatic  means.  The  first 
15  or  20  per  cent  reduction  in  volume  may  be 
accomplished  very  easily,  and  this  will  be 
sufficient  to  reduce  the  required  volume  to 
the  same  figure  as  is  required  for  lump  coal. 
There  is  a  possibility  of  further  reduction  by 
vibration,  but  it  would  be  more  difficult  to 
accomplish,  and  might  make  the  fuel  difficult 
to  discharge.  The  air  transfer  systems  and 
fiuffing  jets,  however,  break  up  coal  even  if 
very  firmly  packed.  When  fed  into  the 
zone  of  suction  the  air  in  the  voids  expands 
and  releases  the  surface  particles. 

Pulverized  semi-coke  has  about  the  same 
density  as  pulverized  coal,  and  it  can  be 
shaken  down  to  the  same  extent.  In  granu- 
lated form,  even  the  spongy  varieties  will 
probably  occupy  less  space.  One  of  the 
processes  under  development  gives  a  dense 
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I'okc  wliicli  can  \<v  icadils  piiK  rri/.id.  In 
I'illuT  i-asi'  llif  iiri>|i(irliiin  n(  liiu'  malfrial 
should  hf  siill'uiinl  tn  fill  the  voids  hi-twccn 
\]w  coarser  ]);irlick's. 

Seiiii-coke  has  a  fairly  hi)^h  ralorilic  \ahu'. 
if  tin-  ash  contiMit  he  ahout  ci^ht  per  cenl,  it 
should  run  about  i;{,;{()()  B.l.u.  per  Ih.,  or 
aiioul  the  same  as  the  average  Pennsylvania 
liiluniinous  eoal. 

The  Present  Bunkers  May  be  Used 

Exceiit  for  making;  them  dusl-tiKht  the 
jiresenl  bunkers  should  be  utilized  with  as 
few  ehan^es  as  jiossible,  as  they  will  be  used 
for  carrying;  lumj)  coal  wheii  ])o\vdercd  fuel 
is  not  obtainable.  When  carrying  powdered 
fuel,  the  openinj:;s  for  coaling  and  for  with- 
drawing lunip  coal  must  be  suitably  sealed. 
Sucti^m  ])ipes  for  discharging  powdered  fuel 
should  be  made  to  swing  through  an  arc  in 
order  to  reduce  the  number  required  for 
withdrawing  the  bottom  coal. 

Where  steam  pipes  pass  through  the 
bunkers  they  should  be  covered  with  heat 
insulation,  and  where  pipes  pierce  the  walls 
the  joints  should  be  made  dust-tight. 

Oil  Cargoes  in  the  Double  Bottoms 

The  disadvantage  of  not  being  able  to 
carry  coal  in  the  double  bottoms,  as  is  possible 
with  fuel  oil,  may  be  ofTset  in  part  by  using 
this  space  on  the  outward  trip  for  carrying 
oil  as  cargo  which  would  otherwise  be  exported 
in  tankers.  This  was  done  during  the  war, 
as  an  emergency  measure  w^hen  oil  tankers 
were  scarce.  The  shifting  of  the  vessel  to  a 
different  dock  for  discharging  the  oil  was  an 
inconvenience,  however.  This  could  be 
overcome  by  the  use  of  oil  barges,  at  the 
terminal  ports,  for  loading  and  discharging 
the  oil.  This  should  be  more  economical 
than  building  extra  tank  steamers. 

When  carrying  hea\-\-  mineral  cargoes  there 
is  no  advantage  in  utilizing  the  double  bottom 
as  the  ship  is  loaded  to  the  Plimsol  mark 
before  all  the  cargo  space  is  filled. 

Fuel   Research   Should  be   Done   by   the   Bureau  of 
Mines 

During  the  war  the  United  States  Shipping 
Board  has  been  carrving  on  several  investiga- 


♦Chairman  of  the  Committee  on  Ordnance  and  Explosives,  of 
the  Naval  Consulting  Board. 

tThe  writer  will  be  pleased  to  receive  communications  from 
interested  readers  which  may  be  used  as  evidence  of  general 
interest  in  getting  the  proper  authority  from  other  departments 
of  the  government  which  will  enable  the  Bureau  of  Mines  to 
expend  a  portion  of  its  available  funds  in  making  a  start  in  this 
work.  Later,  the  Bureau  can  make  a  recommendation  that 
special  appropriations  be  put  at  its  disposal  for  continuing  the 
work. 


Ill  Ills  III  rcgaril  In  tiie  proleclion  of  ships 
against  attack  by  submarines.  In  this  con- 
iKclion  Mr.  Hudson  Maxim*  was  authorized 
to  i)re])are  jihins  for  an  unsinkabli;  shi|)  in 
which  the  (himage  caused  by  a  torpedo 
would  be  localized,  as  far  as  ]>()ssib]e,  by  a 
barrier  of  steel  cylinders  used  as  bunkers  for 
carrx'ing  pulverized  coal.  The  writer  assisted 
in  the  i)rei)aration  of  iilans  for  the  handling 
and  the  burning  of  this  fuel  under  the  shijj's 
boilers. 

Granulated  coal  was  also  tried  out  under 
Mr.  Hunt's  direction,  in  a  jjreliminary  way, 
as  a  means  for  maintaining  the  S]jeed  of  the 
shijjs  in  a  convoy  and  for  the  supjjression  of 
smoke.  At  present,  the  Shipjjing  Board  is 
confining  its  coal-burning  investigations  to 
the  trial  of  mechanical  stokers  of  commercial 
types.  Xew  methods  for  utilizing  or  conserv- 
ing fuel  are  more  i)roperly  the  concern  of 
other  de]5artments  of  the  government.  The 
Bureau  of  Mines  has  made  careful  tests  of 
the  ])rincipal  tyjies  of  boilers  which  are  being 
installed  by  the  Shipping  Board,  with  fuel 
oil  and  with  hand-fired  coal,  at  their  experi- 
ment station,  in  Pittsburgh. 

The  Bureau  of  Mines  is  the  fuel  research 
department  of  the  government  and  has  the 
organization  to  carry  on  experimental  work. 
A  new  building  has  recently  been  completed 
in  Pittsburgh  for  its  fuel  experiment  station. 
It  has  the  marine  boilers  for  making  full  size 
tests  of  long  duration,  and  pulverized  coal 
can  be  obtained  from  some  of  the  steel  com- 
panies in  Pittsburgh.  Semi-coke  can  soon 
be  obtained  from  the  government  plant  in 
\'irginia,  or  from  private  experimental  plants. 
Officials  of  the  Bureau  have  been  desirous 
for  some  time  of  undertaking  some  experimen- 
tal work  in  connection  with  the  burning  of 
powdered  fuel  under  boilers,  and  as  their 
equipment  is  being  installed  in  the  new-  build- 
ing work  can  be  directed  in  this  channel  as 
well  as  in  an\-  other  if  ftmds  are  made  avail- 
able.! 

A  Problem  of  Many  Possibilities 

The  firing  of  boilers  with  powdered  fuel  is 
one  of  the  vital  points  of  attack  on  the 
problems  of  more  efficiently  utilizing  our 
fuel  resources.  It  opens  many  possibilities  in 
utilizing  low-grade  fuels  for  power  generation 
on  land  as  well  as  on  ships.  Semi-coke  should 
properly  be  considered  as  a  low-grade  fuel 
which  can  be  most  advantageously  burned  in 
powdered  form  or,  in  some  cases,  to  make 
producer  gas  or  water  gas.  Where  it  is  made 
from   high-grade   coal  for  use   on   land,   the 
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grade  of  the  raw  coal  will  be  sacrificed  for  the 
sake  of  the  more  valuable  by-products 
obtained.  These  include  coal-gas,  benzol, 
tar  oils,  ammonia,  and  pitch.  The  most 
important  of  these  are  the  gas  and  the  creosote 
oils.  The  use  of  gas  for  heating  houses,  and 
the  use  of  creosote  for  wood  preserving  will 
be  reviewed  in  detail  in  forthcoming  install- 
ments of  this  series. 

The  general  proposition  of  utilizing  coal 
on  a  multiple  product  basis,  rather  than  as 
raw  fuel,  has  been  reviewed.* 

Need  for  Government  Aid 

Experimental  work  can  be  carried  on  much 
more  expeditiously  on  land  than  on  shipboard 
and,  similarly,  experiments  in  firing  boilers 
with  new  fuels  can  be  carried  on  to  much 
better  advantage  in  a  laboratory  than  in  a 
power  station,  where  the  boiler  is  needed 
for  making  steam.  Most  of  the  private 
experimental  work,  which  has  been  done  in 
this  direction,  has  been  subject  to  the 
limitations  of  old  boilers  which  were  installed 
for  burning  other  fuels.  There  has  been  but 
limited  opportunity  to  make  changes  in  the 
boiler  setting  or  to  make  a  scientific  study  of 
the  problems.     The  tendency  has  often  been 

*"  Competition  in  Coal  Mining  and  Full  Utilization  of  the 
Fuel."  General  Electric  Review.  January.  1919,  by  Messrs. 
Gilbert  &  Posue.  of  the  United  States  National  Museum,  a 
Branch  of  the  Smithsonian  Institution. 

tSee  Part  XXV  of  this  series  of  articles.  "The  Need  for  a 
Constructive  Economic  Policy  for  Upbuilding  the  Coal  Products 
Industry,"  by  Gilbert  and  Pogue,  General  Electric  Review, 
Pebruary,  1919. 

JFrom  "  Notes  on  Lignite;  its  Characteristics  and  Utilization,' 
by  S.  N.  Darling;  Technical  Paper  178.  United  States  Bureau  of 
Mines,  1918. 


to  try  to  "make  it  work"  with  as' little  time 
spent  in  experiments  as  possible. 

Owners  of  power  stations  do  not  always 
look  with  favor  upon  the  expense  involved 
in  extensive  changes  in  the  coal-handling 
machinery  in  existing  stations,  and  it  would 
be  very  desirable  to  have  more  data  available 
to  warrant  the  expense  of  putting  powdered 
fuel  in  new  stations.  The  companies  in  the 
13ulverized  coal  business  have  rather  small 
organizations  and  no  facilities  for  carrying  on 
experimental  work  on  a  large  scale.  The 
Bureau  of  Mines  considers  that  there  is  a 
time  in  the  early  stages  of  an  industry  when 
the  government  can  assist  with  constructive 
investigative  work.  This  should  be  especially 
true  in  regard  to  the  utilization  of  coal  on  a 
multiple  product  basis  where  many  factors 
affect  the  possibilities  of  profitably  marketing 
the  by-products,  t 

"While  any  encroachment  by  the  govern- 
ment upon  what  is  popularly  deemed  the 
field  of  private  industry  may  be  looked  at 
askance  by  the  public;  yet,  if  the  nation's 
natural  resources  are  to  be  conserved  and 
the  fullest  possible  benefit  got  from  them, 
some  authority  having  a  wider  vision  than 
any  single  industrial  concern,  intent  upon 
earning  dividends,  must  exercise  a  certain 
degree  of  surveillance  and  afford  a  measure  of 
constructive  help  in  co-ordinating  the  in- 
innumerable  features  of  industrial  inter- 
relationships. A  constructive  economic  policy 
of  this  character  is  a  true  government  func- 
tion, and  should  insure  rather  than  jeopardize 
legitimate  gain  by  private  enterprise. "J 


2i;! 


Welding  as  a  Process  in  Ship  Construction* 

Uy    I'oMMANDKK   S.    \'     (.(HIDAI.I.,    R.    .\ . 

Ill  .lisciissiiij;  llif  iii:ill(i  ol  clcilrii'  wrldiiiK  as  applii'il  t"  ship  construction,  the  author  spcakii  as  a  Khip- 
Imililcr  to  shipl)iiil.lcMS,  VK'wiiiK  llu-  siilijtil  iniparlially  from  all  anRlcs  without  extravacant  claims,  his  con- 
clusions hciiiK  louiulcd  on  a  wide  knowledge  of  the  experience  that  has  so  far  been  ol)taine<l.  The  (»real 
lulivily  ill  tin-  :i|)plic;ition  of  eli-ctric  weldinn  lo  sliip  conslruclion  is  the  outcome  of  a  need  to  reiluce  the  cost 
of  conslnuiiiii^  hulls.  Rivctinj;  is  llic  urcatcsl  single  lahor  item,  and  hence  any  improvement  in  the  method 
of  liindinj;  toj;ctlier  the  hull  slnulurc  olTers  the  most  fruitful  licld  for  economy.  Klectric  weldinn  to  a  limited 
extent  liiis  Wceii  tried  as  a  suhstilute  and  has  been  foun<l  successful.  For  a  detailed  treatment  of  the  subject 
of  electric  weldint;  we  refer  our  readers  to  the  neccinber,  I'.MS,  issue  of  the  RliVIKW.  -Kditok. 


Dtirin)^  the  war  ecoiioiny  of  lime  in  ilu' 
lifoduotion  of  all  thai  was  needed  to  terininale 
iuisiilities  successfully  was  of  i)aramount 
iinporlance.  Economy  in  first  cost  and  main- 
tenance was  relatively  unim])orlant.  If  the 
production  of  a  ship,  an  airplane,  a  lank,  or 
any  imi)lement  of  war  could  hasten  the  end 
b\-  a  siiti;le  day  it  was  more  economical,  in 
the  lonf;  run,  to  j)lace  that  imijlement  on 
service  today  instead  of  tomorrow,  even  al  a 
siiniewhat  higher  cost,  for  the  shortcnin;;;  of 
the  struggle  by  that  single  day  meant  a 
saving  of  many  lives  and  millions  of  dollars. 
Rut  besides  being  called  upon  to  save  time 
I  he  engineer  was  forced  to  economize  in  labor 
and  to  use  unskilled  workmen.  During  the 
war  gas  weldiiig  and  electric  welding  have  been 
enormously  developed  as  processes  in  the 
manufacture  of  munitions  of  all  kinds.  It 
goes  without  saying,  therefore,  that  in  these 
processes  engineers  found  a  means  of  saving 
time  and  labor. 

Now  that  hostilities  have  ceased,  economy 
in  first  cost  and  maintenance  become  once 
again  of  primary  importance,  economy  of 
time  and  labor  being  of  value  only  in  so  far 
as  it  restilts  in  cheaper  production.  This  is 
jiarticularly  true  of  shipbuilding.  Every 
shipbuilder  should  now  carefully  review  the 
various  items  of  cost  in  the  production  of  a 
ship,  and  while  he  may  devote  his  energies 
to  a  reduction  all  around,  he  will,  if  he  be 
wise,  give  greatest  attention  to  a  reduction 
in  the  cost  of  the  most  expensive  of  those 
items.  Riveting  is  this  most  expensive  item. 
It  has  been  estimated  that  the  labor  cost  of 
riveting  is  about  40  per  cent  of  the  total  labor 
cost  of  building  the  structure  of  a  steel  cargo 
carrier,  while  the  labor  cost  of  shopwork  on 
structural  material  is  about  1.5  to  20  per  cent. 
Curing  the  past  few  years  considerable  atten- 
tion has  been  given  improvements  in  shop- 
work  and  it  is  unlikely  that  much  economy 
can  be  effected  in  this  direction.  Can  any- 
thing be  done  to  lower  the  cost  of  riveting? 


*  Presented  at  a  joint  meeting  of  the 
New  York  City.  February,  1919. 


.\.I.E.E.  and  .^.S.M.E., 


The  advocates  of  welding  reply,  "Yes,  by  a 
wide  substitution  of  welding  for  riveting." 
'i'his  is  a  claim  that  should  not  be  lightl\' 
Iilaced  on  one  side  but  carefully  and  critically 
examined  by  all  shi]jbuilders.  To  offer  some 
slight  assistance  in  that  examination  this 
]japer  has  been  prepared. 

Gas  welding  has  been  used  in  shipyards 
for  many  years,  resulting  in  economy  in  the 
production  of  staple  angles  and  similar  smith 
work.  It  has  found  a  wide  field  in  the 
construction  of  light  fittings,  being  more 
particularly  of  value  for  thin  work  than  for 
heavv  plating.  As  it  may  be  considered 
that  gas  welding  has  now  found  its  level  as  a 
shipbuilding  process,  this  subject  is  not 
enlarged  upon;  the  little  that  is  said  must 
not  be  taken  as  a  measure  of  its  importance. 

Electric  welding  as  a  science  and  art  has 
been  dealt  with  at  length  in  the  technical 
press.  As  a  process  in  shipbuilding  much 
literature  on  the  subject  already  exists,  the 
most  comprehensive  papers  known  to  the 
author  being  that  by  Air.  W.  S.  Abell,  Chief 
Ship  Surveyor  of  Lloyd's  Register,  read  before 
the  British  Northeast  Coast  Institution  of 
Shipbuilders  and  Engineers  at  Newcastle  in 
November,  191S,  and  that  by  Mr.  H.  Jasper 
Cox,  read  before  the  Society  of  Naval  Archi- 
tects and  Marine  Engineers  at  Philadelphia 
in  the  same  month.  The  author  makes  no 
attempt,  even  if  he  were  capable  of  doing  so, 
of  giving  such  detailed  particulars  of  the 
subject  as  can  be  fotind  in  these  and  other 
papers,  but  he  does  attempt  to  speak,  as  a 
shipbuilder  to  shipbuilders,  plainly  and  im- 
partially, without  extravagant  claims,  and 
with  some  little  knowledge  of  experience  so  far 
obtained,  on  the  present  position  of  the 
process  and  the  policy  which  should  be 
adopted,  looking  towards  the  future. 

It  is  very  well  known  that  electric  welding 
has  been  of  great  value  on  repair  work,  par- 
ticularly during  the  war.  Ships  that  would 
otherwise  have  been  laid  up  for  weeks  while 
new  castings  were  obtained,  old  plates 
removed  and  replaced  by  new.  etc.,  have  been 
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rapidly  repaired  and  returned  to  service. 
If  the  ship  repairer  finds  a  process  of  such 
value,  the  shipbuilder  should  at  least  inquire 
whether  it  would  not  be  of  some  value  to 
him. 

The  Classification  Societies  have  sanctioned 
the  use  of  electric  welding  for  a  considerable 
amount  of  work  of  little  importance  so  far 
as  structural  strength  is  concerned.  The 
Welding  Committee  of  the  Emergency  Fleet 
Corporation  has  found  by  actual  experience 
that  a  labor  saving  of  at  least  60  per  cent 
results  from  the  substitution  of  arc  welding 
for  riveting  on  these  minor  parts  of  a  ship; 
and  Mr.  J.  H.  Anderton  has  estimated  that 
a  saving  in  time  of  70  per  cent  was  effected 
at  Hog  Island. 

Lloyd's  Register  of  Shipping  is  prepared  to 
classify  an  electrically  welded  A^essel,  subject 
to  the  notations,  "experimental"  and  "elec- 
trically welded,"  and  provided  the  builders 
conform  with  certain  rules.  This  decision 
was  reached  after  an  extensive  and  exhaus- 
tive series  of  trials.  Before  any  electric  weld- 
ing system  can  be  employed  on  a  vessel 
which  Lloyd's  will  classify,  specimens  welded 
according  to  that  system  must  satisfy  tests, 
which,  at  first  sight,  appear  almost  prohibitive 
in  their  severity,  but  an  electrically  welded 
ship  is  now  under  construction  at  Cammell 
Laird's,  England,  to  be  classified  by  Lloyd's, 
who  have  approved  the  employment  of  the 
Quasi-Arc  Company's  system  in  its  construc- 
tion. This  is  a  small  vessel  about  150  feet 
long,  with  plating  generally  ^-g  to  ]/2  in.  in 
thickness. 

Electric  welding  work  carried  out  by  the 
British  Admiralty  has  been  described  in  a 
paper  read  by  the  author  before  the  Engineers' 
Club  of  Philadelphia,  in  July  1918.  Since 
that  time  valuable  experience  with  this  work 
on  service  has  been  obtained.  The  arc 
welded  barge  has  been  satisfactory.  The 
cost  of  material,  electric  current,  and  labor 
for  this  vessel  was  £301  as  compared  with 
£389  5s.  Od.  for  the  cost  of  riveting,  calking, 
and  drilling  on  a  similar  barge  constructed  at 
the  same  yard.  The  vessel  was  designed  to 
be  rivetless  as  a  demonstration  of  arc  welding, 
but  it  was  found  that  greater  economy  would 
result  if  certain  parts  such  as  beams  to  frames, 
floor  plates  to  angles,  etc.,  were  riveted. 

As  the  plating  of  this  barge  is  thin  and 
stresses  to  which  it  is  subjected  are  not 
comparable  to  those  which  a  large  seagoing 
ship  is  called  upon  to  withstand,  greater 
interest  attached  to  experience  with  other 
British  ships  in  which  are  welding  has  been 


employed  by  the  Admiralty,  particularly  to 
those  where  the  work  has  been  comparatively 
heavy.  It  must  be  said  at  once  that  failures 
of  welded  joints  have  been  reported,  although 
the  number  of  such  failures  has  not  been  large 
considering  the  amount  of  work  that  has  been 
done,  the  lack  of  experience,  the  dearth  of 
skilled  operators,  and  the  radical  change  in 
method.  The  admiralty  authorities,  how- 
ever, consider  it  wise,  pending  further  ex- 
perience, to  defer  the  adoption  of  electric 
welding  for  those  parts  of  the  structure 
subjected  to  high  complex  stresses,  unless  the 
work  can  be  so  tested  as  to  demonstrate 
exactly  that  such  stresses  can  be  safely 
carried. 

Lap  welding  has  been  more  satisfactory 
than  butt  welding,  and  the  latter  has  been, 
for  the  present,  discarded  for  all  important 
work  where  the  plating  is  %  in.  or  more  in 
thickness.  It  is  hoped  that  this  situation 
will  not  last  long,  for  it  is  in  butt  welding 
that  the  greatest  gain  from  the  use  of  this 
process  may  be  expected,  and  lap  joints 
necessitate  a  certain  amount  of  overhead 
welding  which  is  difficult  and  unreliable. 

While  the  above  briefly  sums  up  the  present 
position  of  electric  welding  as  a  process  in. 
shipbuilding,  it  may  be  fairly  asked  wh3% 
if  the  Classification  Societies  permit  the 
process  on  minor  parts,  if  Lloyd's  are  pre- 
pared, subject  to  certain  conditions,  to  classify 
an  electrically  welded  ship,  if  the  British 
Admiralty  has  employed  the  process  to  a  con- 
siderable extent,  if  the  American  railroads 
have  used  welding  extensively  on  loco- 
motives— why  has  not  electric  welding  been 
adopted  in  American  shipyards  to  a  greater 
extent  than  it  has  been  up  to  the  present  ?■ 
There  is  no  doubt  that,  during  the  war, 
shipbuilders  in  the  United  States  were  too 
hard  pressed  to  be  able  to  give  much  time  and 
thought  to  the  development  of  an  entirely  new 
process  in  ship  construction.  This  is  one 
reason.  Inate  conservation  is  another.  But 
the  real  reason,  in  the  other's  opinion,  is  that 
shipbuilders  know  that,  at  present,  welds 
are  lacking  in  uniformity,  and  it  is  not  yet 
possible  to  tell  when  the  welded  joint  is  good 
or  bad.  Hence  they  hang  back  and  the. 
author  commends  their  wisdom.  It  is  far 
better  that  the  first  ocean-going  electrically 
welded  ship  should  be  on  service  three  years 
hence  with  every  joint  sufficiently  sound — 
universally  accepted  as  a  thorough  success — 
than  that  it  should  be  at  the  bottom  of  the 
sea  tomorrow  because,  while  999  joints  were 
sound,  one  went  astrav. 


u  i;i.i)i\(;  AS  A  I'Rociiss  in  siiii'  construction 
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IliiW     .-an     tlli^.     ccliailll  \      llial     r\cl\      inlill 

will  li.'  I'llinnit  Ih'  rni.urcil  '  Wliilr  ilic 
■I'li'i'trii'al  (.'iiKiiU'iT  and  the  iiU'lalhn>',iNl  ran 
assist  the  shii)lmil(k'r  to  solvt-  this  i}n)lilfin. 
thiTc  is  much  that  ho  hinisi-lf  can  do. 

In  the  lirsl  place  he  must  realize  the 
importance  of  cm])lo\-in).;  onl\'  thorou^;hl\' 
skilled  and  experienced  worknU'U,  and  he 
.should  call  in  the  nianulacturers  of  ^■l^•clI•ic 
wcldini.;  apparatus  to  assist  hiiu.  Tlu'  latter, 
for  their  own  protection  and  the  welfare  of 
tlu'  industry  on  wiiieh  they  rel\',  should  see  lo 
it  that  no  ship  should  be  allowed  lo  he  Imilt 
with  some  of  the  thorouj^hly  rotten  work 
done  by  absolutely  unskilled  welders  that  the 
author  has  seen.  It  is  strongly  urjjed  that 
steps  should  be  taken  at  ouce  lo  establish 
weldinj;  as  a  skilled  trade  and  only  certified 
men  should  be  allowed  to  be  employed.  All 
the  reports  that  have  been  seen  on  good  and 
had  welds  lay  stress  upon  the  fact  that,  in 
general,  defects  are  mechanical  and  not  an 
inherent  feature  of  the  process.  Skilled  men 
workiny;  under  an  experienced  foreman  would 
know,  for  example,  that  clean  surfaces  are 
necessary  for  good  work,  the}'  would  quickly 
learn  what  types  of  joint  are  made  with  ease, 
in  what  jxirtions  of  a  ship  welding  is  cheap  or 
where  it  is  unreliable;  and  from  their  ranks 
should  be  drawn  the  draughtsmen  who 
will  design  in  detail  the  welded  vessel  of  the 
future.  The  Electric  Welding  Committee  of 
the  Emergency  Fleet  Corporation  has  spent 
much  time  and  thought  on  the  attempt  to 
disco\-cr  a  practicable  non-destructive  method 
of  testing  welds.  While  such  a  method  of 
testing  would  be  very  valuable,  it  is  the 
author's  opinion  that  when  only  welders  of 
proven  skill  are  employed  under  experienced 
supervision,  such  tests  would  be  no  more 
necessary  than  a  shear  test  on  every  rivet  of  a 
riveted  ship;  but,  so  long  as  such  welders  are 
not  available  the  shipbuilder  will  look  askance 
at  a  process  that  may  be  good  generally  but 
may  have  weak  spots  of  which  he  is  ignorant. 

Secondly,  after  he  has  trained  a  reliable 
staff  of  welders  on  work  of  minor  importance, 
the  shipbuilder  must  devote  his  attention 
to  the  best  method  of  assembly  of  large  parts, 
so  that  he  may  feel  reasonably  sure  that 
every  joint  of  the  finished  structure  possesses 
the  qualities  which  his  welders  can  with 
certainty  produce  in  test  pieces.  From  the 
very  outset  it  has  been  realized  that  this  is  a 
difficult  i^roblem  which  can  be  solved  only  by 
patient  trial  and  experience.  Present  opinion 
at  the  British  Admiralty  is  that  the  only 
■satisfactory  method  is  by  the  use  of  closing 


bolls  as  for  riveted  joints.  In  the  case  of  the 
Richborough  barge  a  certain  amount  of 
buckling  resulted  on  the  outboard  edge  of 
I  he  garboard  sirakes  after  these  jdules  had 
been  welded  to  the  keel  itlates,  but  this  was 
removed  when  the  bilge  plates  were  jjul  into 
position  and  bolted  u]).  In  tiie  heavier  work 
it  may  be  that,  buckling  of  i)iates  being 
impossible,  the  internal  stresses  set  up  in 
welding  were  the  causes  of  the  failures  that 
occurred.  It  is  understood  that  this  method 
is  being  adopted  at  Cammell  Laird's  but 
again  the  ])lating  of  this  vessel  is  not  very 
heavy  and  it  is  definitely  known  that  this 
feature  received  most  careful  consideration 
from  the  very  beginning.  In  the  author's 
oi)inion  this  difficulty  is  by  no  means  in- 
superable. Its  existence  should  spur  on  the 
progressive  shipbuilder,  for  when  he  has 
solved  the  problem,  by  that  much  will  he  be 
ahead  of  his  competitors. 

In  the  third  place  it  appears  to  l)e  the  fact 
that  shipbuilding  steel  in  Great  Britain  is  more 
adapted  to  welding  than  shi])building  steel  in 
this  country,  and  the  former  is  also  more  regu- 
lar in  its  qualities.  If  shipbuilders  arc  satisfied 
that  such  is  the  case  and  are  also  convinced  that 
electric  welding  has  a  great  future  in  shijj  con- 
struction, they  should  take  concerted  action  to 
ensure  that  steel  producers  supply  the  material 
best  suited  to  their  purpose. 

So  far  the  author  has  urged  a  careful 
survey  of  the  possibilities  of  welding  as  a 
substitute  for  riveting  only  on  the  ground 
that  the  latter  is  the  most  costly  item  of  labor 
on  structural  work,  and  it  behooves  the  ship- 
builder to  reduce  that  cost.  But  there  are 
other  advantages  incidental  to  welding  that 
must  not  be  overlooked.  A  sound  arc- 
welded  joint  is  necessarily  watertight  and 
once  such  a  joint  with  known  efficiency  can 
be  made  with  certainty  calking  is  eliminated 
and  the  work  of  water-testing  made  easier. 
It  must  be  admitted  that,  so  far,  the  advan- 
tages anticipated  in  this  direction  have  not 
been  fully  realized,  but  that  they  will  be 
realized  is  only  a  matter  of  time,  and  it  has 
already  been  fully  demonstrated  that  welded 
joints,  being  stiffer,  stand  up  better  under 
test,  and  there  is  no  breaking  away  of  the 
caulk  such  as  is  sometimes  experienced  with 
riveted  connections  under  water  pressure. 
Another  advantage  is  a  saving  in  steel  due 
to  the  absence  of  I'ivet  heads  and  the  smaller 
width  of  lamps  and  butt  straps.  Som_e 
advocates  of  welding  claim  that  the  labor  of 
marking  off,  punching,  and  assembling  will  be 
much    reduced,    more    particularly    by    the 
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adoption  of  spot-welding;  but  the  author  is 
bound  to  say  that  at  present  he  is  not  a 
convert  to  the  adoption  of  spot-welding  for 
heavy  ship  work.  It  is  his  opinion  that  there 
are  many  difficulties  ahead  of  those  ship- 
builders who  attempt  this  form  of  welding, 
and  until  these  difficulties  have  been  fairly 
and  squarely  met  he  hesitates  to  affirm  that 
spot-welding  will  be  found  a  valuable  process 
in  ship  construction. 

In  conclusion  it  is  desired  once  again  to 
place  the  subject  before  the  shipbuilder  in 
this  light.  The  cost  of  ship  construction 
must  be  reduced.  A  reduction  in  riveting  is 
the  most  fruitful  field  for  economy.  Electric 
welding  as  a  substitute  has  been  tried  to  a 
limited  extent  and  found  successful.     Classi- 


fication societies  are  prepared  to  accept  the 
process,  though  at  present  the  only  vessels 
built  or  under  construction  are  small.  There 
are  difficulties  ahead  but  they  do  not  appear 
insuperable.  The  best  line  of  approach  ap- 
pears to  be  to  build  up  a  staff  of  thoroughly 
skilled  welders,  to  gain  experience  by  the 
adoption  of  welding  on  minor  parts,  to- 
proceed  cautiously  in  the  extension  of  the 
process  to  more  important  members,  not  to 
expect  a  great  saving  in  time  and  cost 
immediately,  but  to  persevere,  not  necessarily 
towards  the  rivet  less  ship,  but  towards  a 
vessel  in  which  the  employment  of  both 
processes  of  riveting  and  welding  is  so- 
adjusted  that  more  riveting  or  more  welding" 
could  only  be  done  at  greater  cost. 


IN  MEMORIAM 


Herbert  C.  Wirt,  an  old  employee  of  the 
General  Electric  Company,  late  of  the 
Sprague  organization,  died  suddenly  on 
January  15th,  at  the  Hahnemann  Hospital, 
New  York  City,  following  an  operation  for 
appendicitis. 


K.   C.   WIRT 


Mr.  Wirt  was  born  in  1867  and  first 
entered  the  employ  of  the  General  Electric 
Company  at  Boston  in  1S93.  In  1894  he 
was  transferred  to  Schenectady,  N.  Y., 
Engineer  of  the  Supply  Department.  In  this 
capacity  Mr.  Wirt  was  very  ingenious  and 
accomplished  many  important  improvements 
in  design  and  method  of  manufacture,  as 
applied  to  wiring  supply  devices. 

In  May,  1906,  Mr.  Wirt  resigned  from  the 
General  Electric  Company,  and  with  a 
number  of  New  England  capitalists,  formed 
the  Wirt  Electric  Company  with  a  factory 
at  Burrage,  Mass.  The  venture,  however, 
did  not  prove  entirely  successful,  and  in  1914 
Mr.  Wirt  reentered  the  employ  of  the 
General  Electric  Company  at  its  Sprague 
Works,  where  he  was  associated  with  the 
Switchboard  and  Panelboard  Department  at 
the  time  of  his  death. 

Mr.  Wirt  was  twice  married.  His  first 
wife,  Emily  Loring,  who  died  some  seven  or 
eight  years  ago,  was  the  daughter  of  the 
renowned  shipbuilder,  Harrison  Loring,  of 
Boston.  Mr.  Wirt  is  survived  by  his  second 
wife,  Louisa  B.  Wirt,  whom  he  married  in 
1913,  and  four  children  by  his  first  wife:  a 
daughter,  Margaret  B.  Wirt,  a  student  at 
Smith  College,  and  three  sons,  Lieut. 
Harrison  Loring  Wirt,  now  with  the  Engineers 
of  the  A.E.F.  in  France,  Sydney  Hedges 
Wirt,  of  Boston,  and  Herbert  C.  Wirt,  Jr.. 
in  school  at  Fesenden,  Mass. 
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ELECTRIC    MAKl 

Tlu'  ;ul;ipl;i(ii>ii  of  I'lrclricity  lo  tlu'  pro- 
imlsion  nf  ships  sols  up  aiidllirr  milcsloiR' 
nlDiij;  tlu-  p;ith  of  iiroj^rt'ss  of  tlu-  onj;iiu-iTiny^ 
world  in  >;(.MK'ral  ami  the  flcclrical  industrx- 
in  particnlar.  l''or  many  years  the  marine 
reeiproeatin;;  eng;ine  has  been  in  a  state  of 
virtually  completed  de\-eloi)ment,  iiossihle 
improvements  l)einj^  mere  matters  of  detail. 
The  first  ratlieal  chan},'e  in  steamshi])  jiro- 
pulsion  was  brouy;ht  about  by  the  introduction 
of  the  direct-connected  turbine:  but  this  drive 
is  admittedly  imperfect  because  the  turbine 
is  essentialh'  a  hi>::h-speed  machine  and  a 
ship's  propeller  a  low-speed  load,  so  that  the 
efficiency  of  each  has  to  be  sacrificed  in 
compromising  upon  an  intermediate  speed 
for  both.  Furthermore,  as  the  turbine  is  not 
reversible,  both  ahead  turbines  and  astern 
turbines  are  necessary,  or  a  machine  contain- 
ing ahead  and  astern  bucket  wheels.  The 
reversing  element  when  moving  in  the  ahead 
direction  introduces  serious  losses  and,  being 
of  smaller  capacity,  gives  a  relatively  less 
powerful  reverse  than  that  afTorded  in  ships 
driven  by  reciprocating  engines. 

The  introduction  of  speed  reducing  gears 
between  the  turbine  and  the  propeller  in  many 
cases  permits  both  turbine  and  propeller  to 
be  designed  for  their  best  inherent  speeds, 
although  in  certain  types  of  ships  the  simpler 
forms  of  gearing  do  not  afford  sufficient  speed 
reduction.  This  type  of  drive,  however,  does 
not  eliminate  the  necessity  for  reversing 
turbine  elements.  The  limitations  of  the 
geared-turbine  drive  are  least  objectionable 
in  low-speed  cargo  vessels  and  in  these  it  has 
found  a  very  large  application. 

The  production  of  a  radically  improved 
method  of  propelling  large,  fast,  and  variable- 
speed  ships,  especially  battleships  and  battle 
cruisers,  presented  a  difficult  problem,  the 
solution  of  which  lay  in  the  adoption  of 
electrical  propelling  machinery.  Now  that 
complete  success  has  been  attained,  it  is 
interesting  to  note  that  as  long  ago  as  1909 
Mr.  W.  L.  R.  Emmet,  one  of  the  consulting 
engineers  of  the  General  Electric  Company, 
delivered  a  paper  before  the  Society  of  Naval 
Architects  and  Marine  Engineers  advocating 
the  use  of  electric  motors  for  ship  propulsion ; 
and, furthermore, that  it  is  due  to  his  continued 
and  indefatigable  efforts  that  this  type  of 
drive  has  been  developed- and  adopted 

The  first  electric  propulsion  other  than  that 
of  small  launches  was  applied  by  the  General 
Electric  Company  in  190S,  to  two  fireboats 
for  the  city  of  Chicago.  These  were  equipped 
with   generators   driven   by   steam   turbines, 


NE    FHOHULSION 

\vlii(  li  also  drove  direi'th'  the  centrifugal  fire 
pumps,  and  with  electric  motors  mounted 
liiri'ctly  on  the  projicller  shafts.  These 
installations  were  entirely  successful  and  are 
still  in  operation.  The  next  step  was  made  a 
little  over  five  years  ago  when  the  <M(J(J-h.p. 
twin-screw  collier  Jupiter  was  furnished  with 
electrical  propelling  machinery.  This  equip- 
ment was  adojUed  for  a  trial  of  the  system. 
It  was  built  b>'  the  General  Electric  Company 
at  the  same  time  that  a  geared-turbine 
equiijment  for  the  sister  ship  Xcptune  was 
Ijuilt  by  the  Weslinghouse  Company.  Even 
though  the  requirements  of  this  type  of  craft 
do  not  call  forth  the  especially  superior 
characteristics  of  electric  drive,  the  success 
of  this  installation  created  such  confidence 
that  the  Navy  Department  adopted  electrical 
propulsion  as  the  standard  method  for  capital 
ships.  The  recent  installation  of  electrical 
propelling  machinery  in  the  U.  S.  Battleship 
\'cw  Mexico  represents  the  culmination  of  the 
campaign  to  improve  heavy  and  variable- 
speed  marine  drive.  Its  performance  on  the 
trial  runs  has  fully  substantiated  the  claims 
of  its  advocates. 

The  particular  feature  of  electric  drive 
which  resulted  in  its  being  adopted  as  the 
standard  method  for  propelling  the  capital 
ships  of  the  United  States  Navy  is  the 
flexibility  it  affords  in  the  arrangement  of  the 
equipment.  The  full  utilization  of  this 
property  enables  the  building  of  capital 
ships  far  superior  to  any  equipped  with  any 
other  type  of  propelling  machinery. 

Another  especially  important  feature  of 
electric  marine  drive  is  its  economy.  As 
pointed  out  by  Commander  S.  M.  Robinson 
in  this  issue,  the  total  fuel  consumption  of  the 
electrically  propelled  Battleship  Xeu-  Mexico 
is  materially  less  than  that  of  the  Penn- 
sylvania, a  turbine-driven  battleship  of  com- 
parable displacement  and  speed.  This  fuel 
saving,  which  varies  with  the  conditions  of 
navigation  and  at  times  amounts  to  some 
30  per  cent,  is  a  matter  of  tremendous  import 
for  one  of  the  most  serious  problems  today  is 
the  conservation  of  our  fuel  resources. 

It  is  satisfying  to  know  that  the  United 
States  Navy  is  in  possession  of  the  only 
electrically  propelled  dreadnought  in  the 
world  and  is  soon  to  be  augmented  by 
similarly  equipped  battleships  of  the  same 
class,  the  California,  Maryland,  and  West 
Virginia.  There  are  also  under  construction 
3.3-knot  electrically-driven  battle  cruisers  each 
having  a  power  plant  six  times  more  powerful 
than  that  of  the  AVii'  Mexico. 
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Electric  Drive  from  a  Military  Point  of  View 

By  Commander  S.  M.  Robinson 
Bureau  of  Steam  Engineering,  Navy  Department 

When  considering  a  new  type  of  drive  for  battleships,  it  must  be  compared  with  the  common  types  of 
drive  on  the  basis  of  reliability,  weight,  and  space  occupied,  economy  and  flexibility  of  installation.  In  this 
article  the  relative  merits  of  electric  drive  and  geared  turbine  drive  are  compared  on  this  basis,  from  which  it 
would  seem  that  with  respect  to  reliability  and  flexibility  of  installation  the  electric  drive  is  greatly  superior 
to  geared  turbine  drive;  in  fact,  the  ease  with  which  the  electrical  equipment  can  be  arranged  constitutes,  in 
the  words  of  Commander  Robinson,  the  real  and  main  reason  for  its  adoption  for  our  capital  ships.  As 
regards  the  weight  and  space  occupied  there  is  little  to  choose  between  the  two  methods  of  drive;  while  in 
economy  the  electric  drive  will  show  a  considerable  improvement  over  the  geared  turbine  at  intermediate  and 
high  speeds. — Editor. 

may  be  added  the  fact  that  the  maneuvering 
qualities  of  the  ship  are  not  neariy  so  good 
when  it  becomes  necessary  to  drag  one  screw. 
It  sometimes  happens  that  the  damage  to  a 
turbine  is  such  that  the  shaft  cannot  be 
allowed  to  revolve;  in  this  case,  it  becomes 
necessary  to  limit  the  speed  of  the  ship,  as  the 
"jacking  gear,"  or  other  locking  device,  is 
not  sufficiently  strong  to  hold  the  shaft  at 
high  speeds  of  the  ship.  There  is  still  another 
advantage  of  electric  proptilsion  that  is 
brought  out  very  strongly  when  the  ship  is 
maneuvering  in  shallow  or  muddy  water, 
such  as  obtains  in  harbors  and  their  entrances ; 
the  ordinary  ship  uses  all  of  her  main  engines 
and  therefore  all  of  her  main  condensers  and 
auxiliaries  all  the  time,  but  an  electrically 
driven  ship  need  use  only  one  turbine,  con- 
denser, and  set  of  auxiliaries  and  the  other 
can  be  kept  as  a  standby.  If  the  steam  driven 
ship  runs  into  mud,  she  will  probably  plug 
up  all  her  condensers  at  the  same  time,  or 
even  if  she  only  plugs  one  she  will  tempo- 
rarily be  deprived  of  the  use  of  one  or  more 
shafts  and  this  may  be  fatal  for  maneuvering 
in  restricted  waters.  As  an  actual  experience 
the  New  Mexico  while  entering  New  York 
harbor  had  to  shift  main  generators  twice 
owing  to  the  plugging  of  her  condensers  with 
mud  and  these  shifts  were  made  so  quickly 
that  they  did  not  affect  the  operation  of  the 
ship  at  all.  There  is  one  other  point  that  adds 
to  the  reliability  of  electric  drive,  and  that  is 
that  the  direction  of  rotation  of  the  steam 
turbine  is  never  changed ;  reversal  of  direction 
of  rotation  is  the  most  severe  of  all  conditions 
imposed  upon  any  form  of  steam  machinery, 
and  its  entire  elimination  in  electric  drive 
adds  very  much  to  reliability. 

When  comparing  different  tj'pes  of  pro- 
pulsion with  regard  to  the  other  three  points 
given  at  the  beginning  of  this  article,  it  is 
difficult  to  say  that  anyone  of  the  three  is  of 
more  importance  than  the  others,  inasmuch 
as  the  machinery  must  be  satisfactory  in  all 
three  respects;  it  is  only  where  two  types  of 
machinery  are  nearly  equally  satisfactory  in 
some    of    these    respects    that    they    can    be 


Any  type  of  propelling  machinery,  to  be 
acceptable  for  a  capital  ship,  must  be  entirely 
satisfactory  in  the  following  particulars: 

(1)     ReHabihty 

Weight  and  space  occupied. 

Economy. 

Flexibility  of  installation. 

Needless  to  say,  the  most  important  of 
these  is  reliability;  and  no  machinery  should 
be  considered  at  all  which  has  not  proved 
itself  satisfactory  in  this  respect.  The  per- 
formance of  the  Jupiter  during  the  past  five 
years  has  thoroughly  proved  the  reliability 
of  electric  machinery  on  board  ship.  For 
demonstrating  this  quality,  the  Jupiter  was 
a  good  type  of  ship  to  select,  as  a  collier  ordi- 
narily does  a  great  deal  more  cruising  than  a 
capital  ship.  During  the  past  five  years  the 
Jupiter  has  been  held  up  only  once  on  account 
of  trouble  with  her  electric  equipment,  and 
in  this  case  the  delay  was  for  only  two  or 
three  hours  and  the  repairs  were  effected  by 
the  ship's  force  with  the  facilities  available 
on  board  ship.  The  trials  of  the  New  Mexico, 
just  completed,  indicate  that  she  should 
duplicate  the  performance  of  the  Jupiter  in 
this  respect.  In  fact,  there  are  inherent 
reasons  why  electric  propelling  equipment  is 
more  reliable  than  other  types  of  machinery. 
As  direct-connected  or  geared  turbines  are 
usually  arranged,  it  is  seldom  the  case  that 
damage  to  one  turbine  does  not  affect  more 
than  one  shaft ;  with  electric  machinery,  each 
shaft  can  be  absolutely  isolated  from  the 
others  by  merely  opening  a  disconnecting 
switch  to  the  motor  on  that  shaft.  Further- 
more, in  case  of  damage  to  a  turbine  with  the 
straight  steara  drive,  the  ship  is  left  to  drag 
one  or  more  propellers  while  driving  with  the 
others;  with  electric  drive,  the  failure  of  one 
ttu-bine  will  still  allow  the  ship  to  be  propelled 
by  all  four  screws  in  a  perfectly  nonnal  man- 
ner. The  latter  will  be  seen  to  be  no  small 
advantage  when  it  is  considered  that  the 
effect  of  one  dragging  screw  may  be  as  high 
as  15  per  cent  of  the  total  effective  horse- 
power required  to  drive  the  ship,  and  to  this 
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(lircclly  rninparoil  in  rrj^anl  l^  llio  ivmaiiiiii),' 
|i(iiiits.  l"or  ixainpk',  no  Upi.'  i)f  iiuu'liiiicr\' 
fould  1)0  considi'ii-il  which  was  vasUy  licavier 
(ir  occuiiied  Iwifo  the  space  of  other  lyjies 
of  machinery',  im  matter  how  economical  il 
niiKhl  l>t'.  'I'l'i  ^i^'^'  versa,  tiie  economy  must 
be  reasonably  j^ood  or  an\'  ([uestion  of  wei^;]it 
saving  eoiUd  not  be  considered.  Tiierefore, 
the  electric  drive  will  lirst  be.  comjiaretl  with 
other  types  of  machinery  in  these  two  respects 
before  proceedinj:;  to  a  consideration  of  its 
relative  advantage  as  to  installation.  It  is 
dirticult  to  arrive  at  exact  comparisons  with 
other  types  of  machinery  in  regard  to  weight 
as,  so  far,  we  have  built  no  capital  ship  with 
geared  turbines  arranged  on  four  shafts  and 
therefore  are  unable  to  get  a  direct  comparison 
of  the  two  types  of  machinery;  but,  from  the 
data  at  hand,  it  is  not  believed  that  there  is 
any  very  great  or  important  dillerence 
between  the  electric  drive  and  geared  turbines 
in  regard  to  weight,  although  it  seems  to  be 
fairly  certain  that  the  geared  turbine  has  a 
sUght  advantage  in  this  respect.  In  regard  to 
the  question  of  floor  space  occupied,  it  is  not 
behevcd  there  is  any  great  difference,  and 
what  difference  there  is  is  probably  in  favor 
of  the  electric  drive.  It  is  at  least  safe  to  say 
that  so  far  as  weight  and  space  occupied  are 
concerned,  the  difference  is  not  great  enough 
to  be  of  much  importance. 

As  to  the  relative  economy^  of  electric  and 
geared  drives,  we  are  able  to  make  a  little 
more  definite  statement  than  in  the  case  of 
the  weight  comparisons.  It  seems  fairly 
certain  that  in  the  case  of  large  horsepower 
installations  with  large  speed  reductions,  such 
as  are  found  on  battleships  and  battle  cruisers, 
the  geared  turbine  will  have  a  slight  advantage 
at  full  power,  but  at  the  lower  speeds  of  the 
ship  the  electric  drive  will  have  a  very  ma- 
terial advantage  over  the  geared  installation. 
Just  how  great  this  advantage  will  be  will 
depend  to  some  extent  upon  the  arrange- 
ment of  the  machinery.  For  example,  on  a 
battle  cruiser  developing  enormous  horse- 
power at  full  speed,  and  where  it  would  be 
necessary  to  use  all  of  this  transmission  gear- 
ing at  the  cruising  speeds  of  the  ship,  the  sav- 
ing by  the  use  of  electric  drive  would  be 
very  much  greater  than  in  the  case  of  a  battle- 
ship where  the  percentage  of  reduction  of 
power  would  not  be  so  great.  In  connection 
with  the  subject  of  economy,  it  is  interesting 
to  compare  the  trial  results  of  the  Pennsyl- 
vania and  the  New  Mexico.  The  Pennsylvania 
is  fitted  with  direct-connected  turbines  and 
small  geared  cruising  turbines  which  can  be 


run  up  to  speeds  slightly  al)ove  l.">  knots 
The  trial  results  of  the  two  vessels  show  that 
in  total  fuel  c(jnsumption  the  New  Mexico 
saves  more  than  20  per  cent  over  the  Pennsyl- 
vania at  sijeeds  frtjm  1!)  knots  to  full  ))ower. 
At  a  s])ee(i  of  about  1.')  knots,  which  is  abfiut 
the  limit  of  the  geared  cruising  turbine  and 
also  of  the  low-speed  connection  of  the  electric 
drive,  there  is  a  very  much  greater  saving,  it 
being  something  in  the  neighborhood  of  30 
per  cent.  At  ten  knots,  the  fuel  saving  is 
apparently  very  small,  although  at  both  10 
and  15  knots  the  trial  results  were  not  directly 
comparable  on  account  of  the  different  con- 
ditions under  which  the  trials  of  the  two  ships 
were  run.  vShips  fitted  with  small  geared 
cruising  turbines,  however,  showed  remark- 
ably good  economy  at  very  low  speeds  of  the 
ship,  such  as  10  knots. 

It  therefore  appears  that  electric  drive, 
generally  speaking,  is  quite  satisfactory  in 
regard  to  points  (1),  (2),  and  (.3),  and  com- 
pares very  favorably  with  other  types  of 
propulsion  in  these  respects.  It  may,  there- 
fore, be  compared  directly  with  other  types 
of  machinery  in  regard  to  point  (4),  the' 
"Flexibility  of  installation."  The  tendency 
in  building  modern  capital  ships  is  to  pro- 
vide for  more  and  more  torpedo  protection 
and  it  becomes  necessary  to  crowd  the 
machinery  away  from  the  sides  of  the  ship 
as  much  as  possible.  This  arrangement  is 
also  desirable  from  the  point  of  protection 
against  gunfire  for  a  similar  reason.  In  this 
respect,  electric  drive  has  an  enormous  advan- 
tage over  any  other  type  of  machinery  in 
which  the  prime  mover  is  mechanically  con- 
nected to  the  propelling  shaft.  The  main 
turbine-generators  may  be  placed  in  any  part 
of  the  ship  that  is  most  desirable;  they  may 
be  placed  in  compartments  forward  of  each 
other  and  they  may  be  raised  up  enough  to 
place  the  main  condenser  underneath  them — 
in  fact,  there  is  practically  no  limit,  other  than 
the  head  room,  as  to  the  position  of  the  main 
turbine-generator  in  the  ship.  This  gives  an 
enormous  advantage  to  electric  drive  over  all 
other  types  of  machinery  and  enables  the 
Naval  Constructor  to  give  far  more  adequate 
protection  to  the  ship  and  machinery  against 
damage  by  torpedo  and  gunfire.  Those  parts 
of  the  machinery — the  main  motors — which 
it  is  necessary  to  connect  mechanically  to  the 
shafts,  are  comparatively  small  and  take  up 
only  a  small  space  so  that  they  can  be  placed 
in  small  isolated  compartments  which  will 
not  menace  the  ship  in  case  of  flooding;  since 
no    main    auxiliaries    are    required    for    the 
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motors,  the  flooding  of  a  motor  room  will  not 
entail  any  loss  in  that  respect.  Also,  the 
motors  may  be  placed  very  much  farther  aft 
than  can  steam  driven  turbines  and  therefore 
the  length  of  the  main  shafting  can  be  very 
materially  reduced.  This  constitutes  a  big 
advantage;  both  on  account  of  less  liability  to 
derangement  of  the  shafting  itself , due  to  injtiry 
to  the  ship,  and  also  of  less  danger  to  the  ship 
itself  because  of  the  shafting  not  having  to 
pierce  a  number  of  water-tight  bulkheads. 
These  advantages  of  installation  constitute 
the  real  and  main  reason  for  the  adoption  of 
electric  drive  for  capital  ships  and  anj^  other 
advantages  are  minor  compared  with  them. 


Utilizing  these  advantages  to  the  fullest 
extent  makes  it  possible  to  build  capital  ships 
which  are  far  superior  to  any  others  fitted 
with  any  other  form  of  machinery.  In  addi- 
tion to  advantages  from  the  point  of  view  of 
protection,  there  are  also  the  advantages 
from  an  engineering  standpoint.  The  shorter 
lengths  of  shafting  make  it  easier  to  keep  the 
shafts  in  line;  the  grouping  of  boilers  around 
the  machinery  makes  short  and  direct  steam 
pipes  with  a  consequent  reduction  in  weight 
and  complication  and  a  smaller  drop  in  steam 
pressure.  The  same  may  be  said  of  practically 
all  the  other  piping  systems  of  the  ship,  such 
as  feed  lines,  oil  lines,  exhaust  lines,  etc. 


The  Electric  Propulsion  of  Ships 

By  W.  L.  R.  Emmet 

Mr.  Emmet  briefly  reviews  some  of  the  advantages  that  result  from  the  employment  of  electric  drive  for 
the  propulsion  of  large  warships.  Electric  drive  affords  a  material  economy  in  fuel,  but  this  is  secondary  to 
the  highly  desirable  factor  of  interchangeability  of  equipment  in  operation.  Flexibility  of  arrangement,  by 
which  the  vital  parts  of  the  propelling  equipment  may  be  crowded  towards  the  center  of  the  ship  away  from 
the  side  and  if  necessary  placed  in  small  water  tight  compartments,  is  another  important  advantage;  as  is 
.also  the  ability  to  vary  the  ratio  between  propeller  speed  and  turbine  speed  when  changing  from  cruising  speed 
to  full  speed,  or  visa  versa. — Editor. 


The  possibility  of  propelling  ships  by 
electric  motors  has  for  a  long  time  been 
considered,  but  it  was  only  after  the  turbine- 
generator  had  attained  a  high  state  of 
development  in  the  matters  of  efiiciency  and 
lightness  that  any  justification  for  electric 
propulsion  began  to  appear. 

The  first  plans  for  electric  propulsion  con- 
templated by  the  writer  were  formed  soon 
after  these  conditions  had  developed  in 
turbine  construction,  and  some  time  in 
advance  of  any  serious  proposal  to  apply 
mechanical  gearing  to  the  same  purpose. 
The  introduction  of  the  turbine  had  by  this 
time  completely  changed  and  greatly  reduced 
the  cost  of  power  development  from  fuel  on 
shore,  and  it  was  obvious  that  any  method 
which  could  make  these  improvements  appli- 
cable to  ships  would  have  a  very  high  value. 
Fuel  economy  is  relatively  much  more 
important  on  ships  than  it  is  in  most  power 
developments  on  shore.  Ships  must  not  only 
purchase  their  fuel  but  they  must  carry  it; 
and  they  will  often  be  compelled  to  purchase 
it  at  points  where  the  cost  is  very  high. 

The  first  proposal  made  for  electric  ship 
propulsion  related  to  large  warships  for  the 
simple  reason  that  in  such  ships  this  method 
affords  its  greatest  advantages,  and  that  in 
the  introduction  of  a  new  method  it  is  always 
wise  to  select  the  application  which  affords 
the  largest  gain  and  adA'antage. 


The  most  important  advantages  afforded 
by  electric  propulsion  in  a  large  warship 
are  that  it  introduces  the  feature  of  inter- 
changeability b}-  which  the  ship  can  be  quickly 
put  into  operation  after  a  portion  of  the 
apparatus  has  been  damaged,  and  that  it 
furnishes  a  means  by  which  the  ratio  of  speed 
reduction  between  the  propellers  and  turbines 
can  be  changed;  thus  cruising  speeds  can  be 
handled  by  a  part  of  the  apparatus  without 
the  sacrifice  of  efficiency  which  would  be 
occasioned  by  a  reduction  of  the  turbine 
speed. 

Other  important  advantages  are  that  vital 
parts  of  the  propelling  machinery  can  be  put 
into  separate  small  compartments  in  those 
parts  of  the  ship  which  are  least  subject  to 
damage,  and.  that  no  high-speed  mechanisms 
or  parts  involving  mechanical  engagement 
are  attached  to  the  propeller  shafts;  thus  the 
propeller  shafts  are  free  to  revolve  at  all 
times  whether  they  are  being  driven  or  not. 
No  trouble  which  could  occur  in  such  electric 
motors  would  interfere  with  the  freedom  of 
their  turning. 

In  electrically-driven  ships  the  most  advan- 
tageous speed  of  both  turbine  and  propeller 
can  be  adopted,  separate  turbines  for  revers- 
ing can  be  dispensed  with,  and  a  high  torque 
for  reversing  is  readily  obtainable. 

The  abandonment  of  the  reversing  turbine 
renders    itnnecessary    the    delivery    of    large 
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llciws  of  sU'ain  to  liiiliino  (.'Icincnls  that  arc 
I'ilbor  stjindin^j  still  or  nioviii},'  in  a  n-vorsf 
diri'flioii.  L'mlor  ciTlaiu  i-oiidilioiis  and  in 
lurhini's  of  cerlain  sizes,  such  rovcrsinj;  action 
may  not  he  ohjcclionahlc,  hut  it  involves  the 
possihihty  of  very  lii^h  temperatures  and 
it  is  ]irohahle  that  these  temperature  varia- 
tions have  constituted  a  fruitful  source  of 
trouble  in  shi])  turbines.  The  use  of  ver>- 
luRh  suiierheat,  which  with  electric  drive 
constitutes  a  jierfectly  safe  method  of  obtain- 
ing a  hifjh  degree  of  fuel  economy,  will 
unquestionably  involve  dan|:;er  in  reversing 
operations  with  geared  turbines,  and  these 
dangers  are  likely  to  be  most  serious  in  large 
units  designed  for  high  cfHciency. 

In  ship  propulsion  through  turbines  and 
gears,  it  is  desirable  in  all  cases  involving 
large  jiower  to  use  a  pluralit.\-  of  turbines  for 
each  })ropeller;  whereas  with  electric  drive 
each  propeller  is  driven  by  but  one  turbine 
or  by  a  part  of  the  power  received  from 
one.  A  subdivision  of  turbine  units  in- 
volves considerable  loss  and  complication 
due  to  the  multiplication  in  the  number 
of  packings,  and  also  it  involves  a  loss  of 
pressure    and    liability    to    steam    and    air 


leakage  in  liic  cross-connections  between 
dilTfrenl  units. 

While  the  simple  oiieration  of  transmitting 
powir  through  gearing  is  more  efTicient  than 
its  electrical  transmission  through  generators 
and  motors,  the  diiTerence  in  large  units  is 
much  less  than  has  been  generally  sujjposed; 
and  it  is  in  a  great  measure  comjjensated  for 
by  the  friction  load  occasioned  by  the  revers- 
ing turbines  and  by  the  disadvantages  incident 
to  the  use  of  a  ])lurality  of  turbines  instead  of 
one.  If,  in  the  interest  of  the  gear  jtroposi- 
tion,  anything  is  sacrificed  in  turbine  sjjeed  or 
design  or  in  the  degree  of  sui)erheat  adopted, 
the  electric  drive  will  show  an  advantage 
even  under  the  conditions  for  which  the 
geared  turbine  is  best  adapted. 

While  much  good  service  has  been 
performed  by  geared-turbine  equipments  in 
ships,  experience  has  shown  that  their  success 
is  dependent  upon  great  accuracy  of  manu- 
facture, that  they  are  subject  to  injury 
through  vibrations  in  the  ship's  structure  or 
through  wear  in  bearings  or  insecurity  of 
mountings.  Electric  propulsion  involves  no 
motion  other  than  simple  rotation  and  this 
gives  a  maximum  of  mechanical  simplicity. 


The  New  Mexico  at  Full  Speed 
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General  Characteristics  of  Electric  Ship 
Propulsion  Equipments 

E.  F.  W.  Alexanderson* 

Consulting  Engineer,  General  Electric  Company 

An  analysis  of  the  power  requirements  for  battleship  propulsion  shows  that  they  are  altogether  special 
and  are  determined  wholly  by  the  speed-torque  characteristics  of  the  vessel's  propellers.  In  a  turbo-electric 
equipment  tor  this  service,' where  the  motor  and  generator  are  so  designed  that  the  most  advantageous  working 
conditions  of  one  correspond  to  that  of  the  other,  the  torque  developed  by  the  induction  motor  is  wholly  depend- 
ent upon  the  field  excitation  of  the  turbine  generator;  the  full  speed  of  the  ship  being  determined  by  the  amount 
of  excitation  that  can  be  applied  continuously,  and  the  performance  under  overload  and  in  reversing  upon  the 
amount  of  excitation  that  may  be  applied  momentarily.  In  this  article  Mr.  Alexanderson  gives  a  very  interest- 
ing discussion  of  the  theoretical  considerations  involved,  and  shows  how  the  requirements  were  fulfilled  in  the 
design  of  the  motors  and  generators. — Editor. 


Introduction 

The  electric  propulsion  equipment  for  the 
U.S.S.  New  Mexico  is  an  electric  power  plant 
of  considerable  size.  On  account  of  the 
special  purpose  for  which  this  power  plant  is 
designed,  its  electrical  characteristics  differ 
fundamentally  from  those  with  which  the 
electrical  engineering  practice  has  become 
familiar  in  connection  with  power  distribution. 
In  the  early  stages  of  electrical  development, 
power  plants  were  frequently  designed  to 
operate  at  constant  current,  but  soon  the  con- 
stant-current system  became  displaced  by 
the  constant-potential  system  which  is  now 
so  universally  used  that  we  have  acquired  the 
habit  of  thinking  of  the  electrical  characteris- 
tics of  all  machines  in  terms  of  constant 
potential.  In  an  electric  propulsion  equip- 
ment we  are,  however,  reverting  in  certain 
respects  to  earlier  ideas,  and  inasmuch  as 
this  tj'pe  of  power  plant  resembles  more 
nearly  a  constant-current  system  than  a 
constant-potential  system,  it  has  become 
necessary  to  analyze  the  characteristics  of  the 
motors  from  this  point  of  view.  As  a  result  of 
this  analysis,  the  principle  has  been  es1,ab- 
lished  that  the  peak  load  which  the  motors 
can  carry  is  determined  primarily  by  the 
generator  and  not,  as  we  ordinarily  are  used 
to  thinking,  by  the  characteristics  of  the 
motor.  In  addition,  there  are  special  require- 
ments for  reversal  which  haA^e  been  met  by  an 
analysis  of  the  combined  characteristics  of 
motor  and  generator.  Briefly,  it  can  be 
stated  that  the  key  to  the  whole  performance 
of  an  electric  ship  propulsion  equipment  is  the 
field  excitation  of  the  turbine  generator.  The 
amount  of  field  excitation  that  can  be  applied 
continuously  determines  the  continuous  per- 
formance at  full  speed,  and  the  excitation  that 
may  be  given  momentarily  determines  the 

*In  connection  with  the  extensive  theoretical  analysis  which 
has  been  made  and  ;vhich  forms  the  basis  of  the  electric  drive 
adopted  on  the  tj.S.S.  New  Mexico,  the  author  wishes  to  ac- 
knowledge the  co-operation  of  Mr.  A.  H.  Mittag. 


momentary  overload  and  reversing  per- 
formance. The  control  equipment  which  has 
been  developed  for  the  New  Mexico  is  a 
departure  from  common  motor  practice  in 
that  the  whole  process  of  maneuvering  has 
been  planned  around  the  idea  of  adapting 
the  motors  to  the  different  functions  which 
they  are  to  perform  by  the  manipulation  of 
the  generator  field  excitation. 

The  power  that  can  be  drawn  from  a 
turbine-generator  of  a  given  size  is  limited  by 
its  inherent  drop  in  voltage;  and,  for  reasons 
of  economy,  a  turbine-generator  is  designed 
so  that  it  is  normally  operated  at  or  very 
close  to  its  maximum  output.  It  is  therefore 
not  possible  even  momentarily  to  draw  an 
increased  power  from  a  turbine-generator 
unless  the  field  strength  is  increased 
simultaneously.  The  maximum  power  that 
may  be  drawn  from  such  a  generator  varies 
substantially  as  the  square  of  the  field  current. 
The  temperature  of  the  hottest  part  varies 
also  as  the  square  of  the  field  current.  There- 
fore, heating  is  indirectly  the  limitation  of 
the  continuous  output  of  a  turbine-generator; 
whereas,  the  momentary  output  can  be 
greatly  increased  by  a  momentary  increase 
of  field  current.  When  the  motor  and  the 
generator  are  designed  so  that  the  most 
advantageous  working  conditions  of  the 
motor  correspond  to  the  same  conditions  for 
the  generator,  the  torque  that  may  be 
developed  by  the  motor  is  limited  entirely  by 
the  power  that  the  generator  is  able  to  feed 
to  the  motor;  and,  inasmuch  as  the  power 
of  the  generator  depends  upon  its  field 
excitation,  it  may  be  said  that  the  maximum 
power  of  the  driving  motor  depends  upon  the 
field  excitation  of  the  generator.    . 

The  motors  of  the  electrically  propelled 
battleship  New  Mexico  differ  in  several 
essential  respects  from  the  motors  that  have 
been  heretofore  used  in  the  electrical  industry- 
The  new  type  of  motor  was  arrived  at  through 
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careful  study  of  llio  coiulilioiis  to  be  met  on 
mi  electrically  propelled  ship  and  the  result  is 
a  nuitor  specifically  desij^ned  to  meet  those 
requirements.  At  the  time  when  the  motors 
for  the  A'nc  Mexico  were  desij^ned,  electric 
propulsion  equipment  had  already  been 
successfully  operated  on  the  U.S.  Collier 
lupilcr.  The  Jupiter  is  equipped  with  in- 
duction motors  of  the  slip-rinjj  tvpc  designed 
for  operation  with  a  winding  which  i)ermitted 
only  one  relative  speed  reduction  between 
the  turbine-f^cnerator  and  the  motor.  In 
applyinj;  electric  iiropulsion  to  battleships,  it 
became  evident  that  the  motor  should  have  a 
pole-changing  winding  in  order  to  permit 
efficient  operation  while  cruising,  as  well  as  at 
full  speeds.  Inasmuch  as  the  rheostats  of  the 
equipment  for  the  Jupiter  are  used  only  for  a 
few  seconds  at  a  time,  it  is  apparently 
desirable  to  use  for  battleships  a  type  of 
motor  whereby  the  use  of  starting  rheostats 
can  be  eliminated. 

Starting  and  Reversing  Characteristics 

The  requirements  that  a  ship  propulsion 
motor  must  fulfill  in  order  to  be  adapted  to 
the  characteristics  of  the  propeller  during 
the  various  maneuvering  operations  of  the 
ship  were  determined  upon  experimentally 
by  the  test  of  the  electrically  propelled  collier 
Jupiter  in  actual  operation,  supplemented  by 
tests  of  models  of  the  AVu'  Mexico  propellers 
furnished  bj'  the  Na\-3-  Department 

Fig.  1  shows  the  propeller  characteristics  on 
which  the  design  of  the  New  Mexico  motors 
was  based.  These  propeller  characteristics 
represent  the  relation  between  propeller 
torque  and  propeller  speed  when  the  ship  is 
at  full  speed.  The  curve  is  drawn  in  such  a 
way  that  full  propeller  speed  is  represented 
by  100  per  cent  on  the  A'  axis  and  the  torque 
required  to  drive  the  ship  at  full  speed  is 
represented  by  100  per  cent  on  the  Y  axis. 
A  further  examination  of  the  curve  shows  that 
if  no  driving  power  is  applied  to  the  propeller, 
it  continues  to  rotate,  driven  by  the  water  at 
a  speed  of  73  per  cent.  If  the  speed  of  the 
propeller  is  further  reduced,  by  applying  a 
braking  torque,  the  propeller  continues  to  be 
driven  with  considerable  power  by  the  water 
as  a  turbine  and  it  cannot  be  stopped  unless 
the  braking  torque  is  nearly  equal  to  the  full- 
load  torque  of  the  motor.  This  maximum 
torque  of  the  propeller  occurs  at  a  speed  of 
35  per  cent.  After  this  point  has  been  passed, 
the  propeller  can  easily  be  stopped  and  can 
be  held  at  standstill  by  a  braking  torque  of 
only  40  per  cent.     If  a  quick  stopping  of  the 


ship  is  to  be  cfTected,  it  is  not  only  necessary  to 
stoj)  the  propeller,  but  it  must  be  revolved 
in  ojjposile  direction.  The  propeller  curve 
shows  that  full-load  motor  torque  in  the 
reverse  direction  is  required  to  revolve  the 
projjeller  at  33   per  cent  speed   backwards. 


Fig.  1.     U.S.S-  New  Mexico  Propeller  Characteristics 

In  order  to  design  a  motor  to  meet  the  require- 
ments for  quick  maneuvering  and  reversal  of 
the  propellers,  it  is  obviously  necessary  to 
have  a  motor  which  can  not  only  develop  a 
considerable  dri\'?ng  torque  to  the  propeller 
when  it  rotates  in  the  reverse  direction,  but 
which  also  has  a  braking  eflect  as  high  as  full- 
load  dri\-ing  torque  in  order  to  stop  the 
propeller  before  it  can  be  reversed.  To  those 
familiar  w4th  induction  motor  design,  it  is 
e\'ident  that  this  is  a  particularly  exacting 
requirement.  In  accordance  with  the  prac- 
tice of  the  past,  such  requirements  could  be 
met  onlv  with  an  induction  motor  of  the 
type  using  special  starting  resistances.  In 
the  A'eii'  Mexico,  this  problem  has  been  solved 
b}-  the  use  of  a  squirrel-cage  type  of  motor  of 
special  design.  The  rotor  contains  two 
squirrel  cages,  one  with  a  high  resistance  and 
one  with  a  low  resistance,  these  two  squirrel 
cages  being  inductively  related  in  such  a 
way  that  the  high-resistance  cage  produces  a 
high  reversing  torque,  whereas  the  other  cage 
pro\-ides  a  low-resistance  path  for  the  current 
at  full  speed,  thereby  insuring  high  efficiency. 
The  characteristics  of  the  double-squirrel-cage 
motor,  which  will  be  treated  more  in  detail 
later,  is  shown  in  Fig.  2.  The  tw-o  curves 
given  in   Fig.   2  represent   the  speed-torque 
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characteristics  of  stich  a  double-squirrel-cage 
motor,  the  upper  curve  when  the  motor  is  fed 
from  constant  potential  and  the  lower  curve 
when  the  motor  is  fed  from  a  generator  of 
corresponding  size.  Ordinarily,  induction 
motors    are    designed    for    operation    on    a 
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^ 



," 

Ji 

fr 

"                                                                           1  J    1 

^U^/l/.,     ^Ju„r^^^_     ^^^^      ^                                                                                                   / 

■"  --| — '^^~L^r               -y 

T^  --^/t 

'        /     ' 

- 

/^ 

_l_                              nao^ -^^ 

,^.rvlorfeJ^jd:£^-^'' 

rn..rf...  mo  J  ..t^  ^orCorcM^^                                    ^ 

:    zl-           !  1  1  1  !  1  1     n  1  1     1  1  1  1  1  1  1  1         ^ 

Fig.  4.      Comparison  of  Double-squirrel-cage  and  Ordinary 
Induction  Motor  of  Same  Rating 

constant-potential  system.  The  wide  diver- 
gence between  the  two  curves  shows,  however, 
that  this  conventional  point  of  view  must  be 
abandoned  in  the  design  of  an  electric  ship 
propulsion  equipment,  and  the  motor  with  its 
generator  must  be  designed  as  one  composite 
unit.  This  idea  has  been  strictly  adhered  to 
in  the  design  of  the  New  Mexico  equipment; 
and  as  the  point  of  view  differs  from  the  con- 


ventional theory  of  induction  motors  some 
further  explanation  may  be  needed. 

Fig.  3  shows  how  the  requirements  of  the 
speed-torque  characteristics  have  been  met  in 
the  U.S.S.  New  Mexico  by  the  use  of  double- 
squirrel-cage  induction  motors.       The  com- 
bined speed-torque  characteristics 
of    the   motor  and    generator  are 
superimposed   upon    the   propeller 
characteristics  so  that  the  diagram 
shows  at  a  glance  what  torque  is 
available  to  overcome  this  resist- 
ance   of    the    water    at    different 
speeds  of  the  ship  and  of  the  pro- 
peller.    The  two  most  interesting 
conditions    are    the    normal    full- 
speed  forward  operation  and  the 
reversal  of  the  propellers  while  the 
ship  is  running  full-speed  forward. 
The  margin  of  motor  torque  over 
the  propeller  requirements  during 
normal  operation  has  been  given 
careful    consideration    because    it 
directly  affects  the  cost  and  weight 
of    the    equipment.     Off-hand,    it 
might  be  thought  that  these  con- 
ditions would  be  reflected  in  the 
size  of  the  motor;  that  is,  however, 
not  the  case  because  the  momen- 
tary  overload    capacity   is    deter- 
mined entirely  by  the  size  of  the 
generator  as  has  been  explained  in 
the  foregoing.      This  is  a  matter 
that  should  be  given  careful  con- 
sideration in  the  practice  of  operat- 
ing electrically  propelled  ships,  so 
that  the  economy  of  the  propulsion 
equipments  that  may  be  designed 
in  the  future  may  be  based  upon 
practical  experience.     To  illustrate 
this  point  of  view,  it  may  be  as- 
sumed that  the  generator  is  de- 
signed so  that  it  has  no  margin. 
In  other  words,  it  may  be  assumed 
that   the  ship  is  operated  with  a 
propeller    torque    which    is,    say, 
within  one  per  cent  of  the  maxi- 
mum torque  of  the  motor  equip- 
ment.     If  this  were  the  case,  the 
least  irregularity  would  cause  the  motors  to 
fall  out  of  step,  with  the  consequent  necessity 
of  bringing  them  again  into  step  by  an  increase 
of  the  field  strength  whenever  this  happens. 
If,  on  the  other  hand,  the  equipment  were 
designed  so  as  to  give  50  per  cent  margin  of 
torque  to  supply  the  momentary  increase  of 
torque  which  occurs  in  sharp  turning  opera- 
tions, the  equipment  would  be  handicapped 
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by  tlic  rosl  and  wci^^lu  nf  ino  larj^'c  ;i  ncii- 
i-ra-lor. 

In  ri'si)(.'ct  to  nuniial  oiicralioii  aiid  I)rcak- 
(lown  iDrciuc,  the  iloiihlo-sfiuirrel-cat^c  motor 
has  till'  same  characteristics  as  the  normal 
iiuluction  motor  ami  whatever  martjin  of 
tortiue  is  found  necessary  for  one  type  will 
apph'  to  the  other.  The  necessity  for 
de\eloi>injj  a  s]X'cial  kind  of  motor  for  ship 
l)roi)ulsion  is  indicated  by  the  s])ced-torque 
characteristics  of  the  propeller  at  reversal, 
see  Fi^.  1-  The  pro])eller  curve  in  com- 
bination with  the  comi)arali\'e  curves,  Fig.  4, 
shows  that  an  induction  motor  of  the  ordinary 
kind  with  short  circuited  secondary  would  give 
an  entirely  inadecjuate  torque  for  reversal. 

The  curves  in  Fig.  3  show  the  propeller 
and  motor  characteristics  of  the  U.S.S.  New 
Mexico.  A  study  of  these  curves  will  show 
the  complete  process  of  reversal  and  the 
reasons  for  the  sequence  of  operation.  The 
point  A  represents  full-speed  forward  opera- 
tion with  full-motor  torque.  As  soon  as  the 
motor  power  is  interrupted,  the  propeller 
slows  down  to  point  B.     In  the  process  of 


reversal,  tiie  motor  winding  is  changed  from 
the  21-poie  to  the  IKi-pole  connection,  thus 
gi\ing  it  the  speed-tor(|ue  cliaracterislie  /.  If 
this  change  is  made  without  an  increase  in 
the  generator  field  excitation,  the  profjeller 
speed  would  be  reduced  by  the  braking  action 
of  the  motor  to  the  ])oinl  C,  but  the  projjeller 
would  not  slop.  In  the  process  of  reversal, 
the  generator  excitation  is  therefore  im- 
mediately increased  .>0  per  cent  so  that  the 
motor  speed-torque  characteristic  11  is 
obtained.  Thus,  the  motor  has  sufTicient 
power  not  only  to  stop  the  propeller,  Ijut  to 
drive  it  backwards  to  a  sjjeed  and  a  torque 
represented  by  the  point  D.  While  this  con- 
dition in  itself  represents  a  powerful  reversal, 
it  is  not  all  of  which  the  equipment  is  capable. 
The  adjustment  of  the  steam  governor  is 
therefore  changed  simultaneously  with  the 
throwing  of  the  reversing  levers.  Con- 
sequently, the  generator  slows  down  and  the 
motor  torque  characteristic  is  modified  accord- 
ingly. The  result  is  that  the  operating  point 
E  is  reached  where  the  motor  drives  the 
propeller  in  the  normal  way  with  low  slip 
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Fig.  3.     New  Mexico  Motor  and  Propeller  Characteristics 
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and  ample  overload  capacity  which  permits  the 
use  of  still  higher  backing  power  if  desired. 

For  the  benefit  of  those  who  may  be 
interested  in  the  design  of  double-squirrel- 
cage  motors  for  other  purposes,  there  are 
given  in  Fig.  5  design  diagrams  of  the  motor 


Fig.  5.      Design  Diagram  and  Equivalent 

Electrical    Circuit   of  Motor  for 

24-Pole   Connection  at 

35.5   Cycles 


readings  from  the  motor  characteristics  of 
Fig.  6  to  the  generator  characteristics  of 
Fig.  7,  the  scale  of  amperes  and  kilowatts  on 
the  generator  curve  are  one  half  of  the  total; 
in  other  words,  the  amperes  and  kilowatts 
delivered  to  one  motor. 
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which  are  the  basis  of  the  sample  calculations 
given  in  Table  I  (pages  230-231). 

As  a  result  of  these  calculations,  the 
complete  characteristics  of  the  motor  at  a 
terminal  potential  of  4200  volts  are  given 
in  Fig.  6. 

Fig.  7  shows  the  characteristics  of  the 
turbine  generator.  In  order  to  make  it 
possible  to  transfer  the  ampere  and  kilowatt 


The  combined  motor  and  generator 
characteristics  can  be  determined  by  trans- 
ferring the  readings  from  the  motor  character- 
istics to  the  generator  characteristics  as 
follows : 

In  Fig.  7,  point  A  shows  the  volts  and 
amperes  of  the  motors  when  drawing 
3000  kw.  per  phase  at  100  per  cent 
generator  excitation. 
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Piiiiit  Ji  shows  Uif  volls  anil  anii)CTL's  of  llie 
motors  whun  drawing;  .'JOOO  k\v.  per  phase 
at  150  per  cent  ^;enerator  exeitalion. 

Point  ('  K'^'es  the  current  ((i2.">  ampere?) 
drawn  hy  the  molor  when  operated  at 
42((()  volls  at  the  same  slip,  as  jjoint  />. 
The  elliciency  and  ])ower-factor  corre- 
sponding; to  point  H  may  therefore  be  read 
from  Fi};;.  (1  at  625  amperes. 

Point  D  shows  the  maximum  kilowatts 
(G500  per  phase)  at  150  jier  cent  excita- 
tion. This  is  the  load  at  which  the 
motors  break  out  of  ste]>. 

Point  I£  shows  the  volts  and  amperes  at 
maximum  kilowatts. 

Point  /'"  shows  the  volts  and  amperes  drawn 
by  the  motor  at  4200  volts  at  20  per  cent 
slip  according  to  Fig.  G. 

Point  C  shows  the  volts  and  amperes  of  the 
motor  at  20  per  cent  slip  when  fed  from 
the  generator  at  100  per  cent  excitation. 
This  is  the  condition  obtaining  if  the 
motors  have  broken  out  of  step  at  full 
speed  of  the  ship. 

As  a  result  of  this  analysis,  it  can  be 
stated  that  an  increase  of  50  per  cent  generator 

g4Pb/es 
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fitld  increases  llie  overloa<l  margin  from  2.'J  to 
1  Hi  ])er  cent.  At  normal  loml,  the  generator 
with  an  increase  of  50  per  cent  in  the  field 
will  deliver  power  to  the  motor  at  5.'j50  volts 
instead  of  -1200,  the  efficiency  remains  jjrac- 
lically  constant  at  95.5  per  cent  while  the 
power-factor  drojjs  from  78  to  ().S  i)er  cent. 
Thus  it  is  obvious  that  with  the  generator 
operating  at  a  less  efficient  point,  at  the  lower 
power-factor,  and  with  the  excessive  heating 
of  the  generator  field,  it  would  be  un- 
economical to  operate  continuously  at  this 
increased  field  strength;  whereas,  it  has 
])roven  necessary  to  increase  the  field  momen- 
tarily to  meet  temporary  requirements. 

Pole  Changing  Motor  Winding  for  Changing  Speed 
Reduction 

In  motors  of  types  used  previously,  it  had 
been  possible  to  change  the  speed  at  the  rate 
of  2:1  by  the  use  of  a  single  winding,  the 
connection  of  which  had  been  changed  from 
one  number  of  poles  to  twice  that  number. 
In  the  propulsion  of  battleships,  a  speed  ratio 
of  2:3  was  desired.  It  had  previously  been 
the  practice  to  accomplish  speed  changes  of 
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Diagram  of  End  Connections 
Phase  A 


Z4  Pole  Connection 
Motor  Circuits  and  Pole  Changing  Switch 


36  Pole  Connection 
Motor  Circuits  and  Pole  Changing  Switch 


Fig.  8.     Diagram  of  24-36  Pole  Motor  Winding  of  U.S.S.  New  Mexico  Showing  Principle 
of  Design,  Winding  Connections  and  Pole  Changing  Switch 


230     April,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  4 


TABLE   I 

THEORY  AND  CALCULATION  OF  CHARACTERISTICS  OF  THE  DOUBLE-SQUIRREL-CAGE 

INDUCTION   MOTOR 


SYMBOL 

SLIP    OF 

MOTOR 

' 

0.01 

1.00 

EXPL.tNATION 

rap 

r  ^ 
5 

0.0503 
5.03 

0.0503 
0.0503 

Resistance  of  squirrel-cage  winding  in  bottom  of  rotor 
slots.  This  winding  will  hereafter  be  called  the  lower 
squirrel  cage  and  the  squirrel  cage  in  the  top  of  the 
rotor  slots  will  be  called  the  upper  squirrel  cage. 

Equivalent  resistance  of  lower  squirrel  cage  at  slip  5. 

^a 

=  4+-^-a 

0.713 
25.8 

0.713 
0.51 

The  reactance  of   the  lower   squirrel  cage  which  is  not 

mutual  with  the  upper  squirrel  cage. 
Equivalent  impedance  squared  of  lower  squirrel  cage  at 

slip  5. 

Sa 

0.195 

0.0986 

Conductance  of  lower  squirrel  cage  at  shp  i. 

ba 

^a 

zl 

0.0276 

1.40 

Susceptance  of  lower  squirrel  cage. 

H 

0.665 

0.665 

Resistance  of  upper  squirrel  cage. 

^bp 

''A 

66.5 

0.665 

Equivalent  resistance  of  upper  squirrel  cage  at  slip  s. 

U 

1 

~rbp 

0.01502 

1.503 

Conductance  of  upper  squirrel  cage  at  slip  s. 

Sab 

=  sl+gb 

0.21 

1.602 

Resultant  conductance  of  both  squirrel  cages  in  parallel. 

y!b 

=  db  +  bl 

0.0449 

4.53 

Admittance  squared  of  bothsquirrel  cages  in  parallel  but 
not  including  mutual  reactance. 

r^ 

_Sab 

Y'lb 

4.68 

0.354 

Resulstant   rotor   equivalent   resistance   at   slip   5,    both 
squirrel  cages  in  parallel. 

^ab 

0.615 

0.309 

Resultant  reactance  of  both  squirrel  cages  in  parallel,  but 
not  including  the  mutual  reactance. 

'^c 

0.224 

0.224 

Mutual  reactance  of  both  squirrel  cages. 

x^ 
2? 

=  X^b+Xc 

0.839 
22.5 

0.533 
0.41 

Total  resultant  rotor  reactance  of  both  squirrel  cages  in 

parallel. 
Impedance  squared  of  rotor. 

is 

^2? 

0.208 

0.864 

Conductance  of  rotor. 

bs 

0.0373 

1.30 

Susceptance  of  rotor. 

I'm 

0.1054 

0.1054 

Magnetizing  susceptance. 

bsm 
Stn 

=  b,+b„, 
"i         sm 

0.1427 
0.0636 

1.405 
2.71 

Resultant    susceptance    of    rotor    and    magnetizing   sus- 

ceptances. 
Admittance  squared  of   rotor   and  magnetizing  circuits 

combined. 

''sm 

Y- 

3.27 

0.319 

Resultant  resistance  of  rotor  and  magnetizing  circuits. 
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TAHLU   I        Coiillniicli 

THliUKY  AND  C AIXIII.ATION   OK  CHARACTERISTICS  OF  TIIK   DOUBLE  SQUIRREL-CAGE 

INDUCTION    MOTOR 


SYMUOt. 

SLIP   OK 

MOTOR 

0.01 

1.00 

KXI'LANATIDN 

*JIH 

2.24 

0..".I.S 

Kcsiilliml  ic.iclaiK'c  of  r'ltor  .iiiil  inaKHflizing  circuits. 

'/> 

sm 

O.OlllS 

o.06;i 

Resistance  of  iirimary  wiiKlinj;. 

Xp 

= 

0.42 

0.42 

Reactance  of  primary  windinj;. 

r 

-rs„,  +  rp 

.-{.;« 

0.382 

Total  equivalent  resistance  of  motor  at  slip  s. 

X 

=  Xs„+Xp 

2.()() 

0.0.S8 

Total  equivalent  reactance  of  motor  at  slip  s. 

Z 

=  Vr^+x'- 

4.2ti 

1.012 

Total  equivalent  impedance  of  motor  at  slip  s. 

P-f- 

r 
~Z 

0.7.S1 

0..S78 

Motor  power-factor. 

I 

E 
Z 

1000 

il85 

4150 

Motor  current  at  4200   volts   (normal   voltage)   and   at 
slip  X. 

S.Ku 

3170 

o4!l0 

Torque  per  phase  in  synchronous  kilowatts. 

T 

=  7^.ZXS.Ku< 
2r-r 
1000 

251,000 

435,000 

Total  torque  in  pound-feet  at  slip  s. 

Kw. 

6460 

(lA.SO 

Kilowatts  input  into  motor  not  including  core  loss. 

such  character  by  tising  two  motor  windings, 
one  for  the  one  speed  and  one  for  the  other, 
one  winding  thus  being  always  idle,  which 
necessarily  results  in  reduced  efficiency.  In 
order  to  combine  the  highest  motor  efficiency 
with  the  requirements  of  the  speed  change,  a 
new  type  of  winding  was  worked  out  wliich 
is  shown  diagrammatically  in  Fig.  8.  An 
examination  of  the  diagram  will  show  that 
this  winding  has  a  distribution  of  conductors 
which  corresponds  to  a  normal  quarter-phase 
winding  in  the  24-pole  as  well  as  the  36-pole 
connection.  By  use  of  this  type  of  winding 
the  advantage  is  gained  that  all  the  con- 
ductors in  the  windings  are  active  with  the 
same  efficiency  as  in  an  ordinary  induction 
motor  with  a  one-speed  winding.  The  new 
type  of  pole-changing  winding  adapts  itself 
better  to  quarter-phase  than  to  three-phase 
connections  and  this  is  the  reason  why  the 
whole  propulsion  equipment  is  designed  for 
quarter-phase  generator  and  motors. 

Fig.  S  is  a  diagram  of  the  24  to  36-pole 
motor  windings  of  the  U.S.S.  Neiv  Mexico, 
as  well  as  the  nearly  completed  battleships 
California,  Maryland,  and  West  Virginia. 
The  diagram  shows  the  principle  of  design, 
winding  connections,  and  pole-changing 
switch.  The  arrows  in  the  upper  part  of  the 
diagram  represent  coils  in  the  winding,  the 


arrow  heads  directed  upward  indicating 
current  flowing  in  a  clockwise  direction  and 
the  arrow  heads  directed  down  indicating 
current  flowing  in  a  cotmter-clockwise 
direction. 

The  upper  group  of  arrows  shows  the 
distribution  of  coils  and  direction  of  current 
flowing  in  the  two  phases  of  the  winding 
when  the  motor  is  in  the  24-pole  connection. 
The  second  group  of  arrows  shows  the 
corresponding  36-pole  arrangement.  The 
third  group  of  arrows  shows  how  the  coils  are 
permanently  grouped  together  in  eight  wind- 
ing sections.  The  diagram  below  shows  how 
these  winding  sections  are  combined  into  a 
complete  motor  winding.  The  lower  diagram 
shows  how  these  winding  sections  are  arranged 
with  reference  to  the  pole-changing  switches. 
The  diagram  covers  only  one  sixth  of  the  com- 
plete winding,  in  other  words,  it  is  a  diagram 
for  a  complete  group  of  four  to  six  poles,  this 
winding  arrangement  being  repeated  to  make 
the  complete  24-to-36-pole  motor. 

It  is  to  be  noted  that  with  the  same  system 
of  winding  design  it  is  possible  to  work  out  a 
■n-inding  for  any  pole  combination  that  may 
be  desired,  for  instance,  in  the  process  of 
considering  various  propulsion  problems, 
windings  were  worked  out  for  motors  such  as 
22  to  28  poles. 
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In  the  New  Mexico  equipment,  the 
generator  has  a  winding  which  may  be  con- 
nected either  in  a  square  quarter-phase 
diagram  or  in  a  diagram  with  two  circuits  in 
parallel  in  each  phase.  This  arrangement  is 
in  accordance  with  the  principle  that  the 
generator  and  motor  must  be  designed  as  a 
composite  unit.  When  the  ship  is  operated 
at  cruising  speed,  it  is  only  necessary  to  use 
one  generator  to  feed  the  four  motors ;  whereas, 
at  full  speed,  each  generator  carries  two 
motors.  Thus  when  the  load  circuit  of  one 
generator  is  changed  from  four  motors  in 
parallel  to  two  motors  in  parallel,  all  resist- 
ances and  impedances  of  the  combined  low 
circuit  are  doubled.  The  relative  im- 
pedances of  the  motor  and  generator  have, 
however,  been  carefully  determined  so  as  to 
give  the  best  results.  To  maintain  these 
favorable  relations  with  two  as  well  as  with 
four  motors  per  generator,  the  impedance  of 
the  generator  should  be  changed  correspond- 
ingly. Such  a  change  of  generator  impedance 
could  not  be  obatined  by  a  series-parallel 
connection  of  the  windings,  because  such  a 
combination  would  change  the  impedance  at 
the  rate  of  4;1.  The  square-parallel  arrange- 
ment, however,  gives  exactly  the  desired 
change  of  2:1.  It  is  thus  a  fortunate  co- 
incidence that  the  quarter-phase  system  is  at 


the  same  time  particularly  adapted  to  the 
new  type  of  pole-changing  winding  which  has 
been  described  and  also  makes  possible  the 
most  efficient  method  of  change  from  one  to 
two  alternators. 

Summary 

Simplicity  and  reliability  have  been  aimed 
at  in  the  design  of  the  electrical  equipment 
by  the  elimination  of  liquid  rheostats,  which 
have  heretofore  been  required  for  motors  of  a 
similar  duty,  and  a  new  type  of  squirrel-cage 
induction  motor  has  been  developed  which 
has  inherently  the  desired  characteristics  to 
meet  reversing  as  well  as  operating  require- 
ments. All  momentary  power  requirements 
are  met  by  corresponding  adjustments  of  the 
generator  field  excitation  thereby  insuring 
a  maximum  economy  for  all  purposes.  The 
motor  has  a  pole-changing  winding  and  the 
generator  a  voltage-changing  winding  which 
are  adapted  to  each  other  in  such  a  way  as  to 
give  three  working  combinations  correspond- 
ing to  32,000,  16,000,  and  8,000  horse  power. 
In  each  of  these  working  connections,  the 
motor  as  well  as  the  generator  operates  at  its 
maximum  electrical  efficiency  and  thus  it  has 
been  possible  to  avoid  the  reduced  efficiency 
which  ordinarily  accompanies  the  operation  of 
electrical  power  apparatus  at  low  output. 
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The  Turbines  of  the  U.S.S.  New   Mexico 

Hy  E.  U.  Hunt 

Ship  I'rhi'I'i.sion   Division,    I'l  kiiinic   ICsdiNKKKlNG   Dei'aktmknt,  Genkrai.   Elkcthic   Comi-any 

Tlie  birth  of  the  kiiu'tic-  power  that  propels  the  New  Mexico  lakes  place  in  two  duplicate  Curtis  turbines 
liirect  conncctud  to  two  altern.iling-currenl  generators.  As  emphasized  in  the  (ollowinK  article,  which  describes 
their  construction  and  operation,  lliey  are  practically  of  the  same  design  as  those  built  for  land  operation  by 
the  same  manufacturer.  One  of  the  distinctive  features  of  these  marine-jiropulsion  turbines  is  tlicir  ability  to 
operate  over  a  wide  arrange  of  speed  under  the  control  ot  a  novel  governinj;  arrangement  especially  <lesigncd 
for  this  application.  At  the  conclusion  of  the  article  is  described  the  exciter  turbines  and  the  reduction  gears 
through  which  they  drive  the  exciter  generators. — Editor. 

'riu>  impulse  principle,  as  tyi)ified  in  the 
Curtis  turbine,  permits  of  a  slron},'er  mechan- 
ical construction  than  thai  of  other  types 
and  one  less  subject  to  inherent  diflicullies 
in  operation.  This  conslriiclion,  as  shown 
by  Fig.  1,  is  particularly  advantageous  for 
turbines  employed  in  the  ])ro])ulsion  of 
vessels,  an  application  where  reliability  is  of 
prime  importance.  The  general  design  of  the 
turbines  for  the  U.S.S.  Xciv  Mexico  is  quite 
similar  to  the  thousands  of  other  Curtis 
turbines  manufactured  by  the  General  Electric 
Company  for  various  land  purposes. 

The  adaptability  of  such  land  turbines  for 
use  in  dri\-ing  generators  for  the  electric 
propulsion  of  vessels  is  clearly  demonstrated 
by  the  turbines  of  the  Nen'  Mexico,  where  the 
only  modifications  necessary  were  in  the  design 
and   construction   of   those   parts  which   are 


ttirbine  is  shown  in  Fig.  1 ,  and  the  jmncipa 
overall   dimensions   of   one   of   the   complete 

l)ro]julsi()n  units  are  given  in  I'ig.  2. 

Impulse  Turbine  Principle 

The  Curtis  steam  turbine  is  an  iminilse 
machine,  i.e.,  the  rotating  element  is  actuated 
by  the  im])act  of  steam  passing  through  its 
buckets  at  relati\ely  high  velocity  but  without 
actual  expansion  in  them.  The  steam  is 
expanded  in  stationary  nozzles,  where  it 
acquires  relatively  high  velocity,  and  then 
passes  through  and  impels  the  moving  buckets 
of  the  stages. 

The  steam  coming  from  the  boilers  enters 
the  first-stage  steam  bowl  through  the  com- 
bined throttle  and  trip  valve  with  strainer, 
which  is  under  the  control  of  the  emergency 
governor.     The  quantity  of  steam  admitted 


Fig.  1.     Cross-section  of  c 


;  of  the  Turbines  of  the  Two  Turbine-generator  Propuls 
of  the  U.S.S.  New  Mexico 


secured  to  the  bed  of  the  ship  and  in  the 
novel  arrangement  of  the  governing  mechan- 
ism to  permit  the  desired  wide  range  of  speed 
control. 

The  turbines,  as  well  as  the  other  apparattis 
described  in  the  accompanying  articles, 
strictly  conform  to  the  general  machinery 
specifications  of  the  Bureau  of  Steam 
Engineering,  United  States  Na\-y  Depart- 
ment.    A  longitudinal  section  drawing  of  the 


is  normally  regulated  by  the  operating 
governor  which  actuates  a  pilot  valve  of  the 
hydraulic  cylinder  ■  by  an  arrangement  of 
floating  levers  that  are  connected  to  the 
governor  lever;  the  pilot  valve  admitting  oil 
under  pressure  to  the  hj'-draulic  cjdinder 
therebj'  moving  a  piston  and  rack  up  or 
down.  The  steam  chest  has  ten  controlling 
valves  with  ports  leading  from  each  valve  to 
a  group  of  first-stage  nozzles.     These  control- 


234     April,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  4 


ling  valves  are  operated  by  cams  so  arranged 
on  a  shaft  that  the  valves  are  raised  or 
lowered  in  a  definite  succession. 

From  the  first-stage  bowl  the  steam  expands 
through  the  first-stage  nozzles,  entering  the 
first  row  of  revolving  buckets  of  the  first- 
stage  wheel,  thence  passing  through  the 
stationary  buckets,  or  intermediates,  which 
reverse  its  direction  and  redirect  it  against 
the  second  row  of  revolving  buckets  of  the 
same  wheel. 

This  constitutes  the  performance  of  the 
steam  in  one  stage,  or  pressure  chamber. 
Having  entered  the  first  row  of  buckets  with 
relativehr  high  velocity,  it  leaves  the  last 
row    of   the    first-stage    with    relatively    low 


pressure,  again  acquiring  relatively  high 
velocity  in  its  expansion,  and  impinges  upon 
and  passes  through  the  moving  buckets  of  the 
second-stage  wheel. 

Again,  the  velocity  acquired  in  the  nozzle 
diaphragm  of  the  third  stage  is  expended  in 
passing  through  the  buckets  of  the  third- 
stage  wheel;  this  process  being  continued 
through  the  remaining  seven  stages  of  the 
turbine.  After  leaving  the  tenth-stage  wheel, 
the  steam  passes  through  the  exhaust  hood 
into  the  main  condenser.  . 

Steam  and  Exhaust  Pressure 

The  full-power  operating  conditions  for  the 
turbines  according  to  the  contract  are  2.50  lb. 


IZftJiin. 


Fig.  2.     Outline  of  Turbine-G 


velocity;  much  of  its  energy  between  the 
limits  of  the  inlet  and  discharge  pressures 
having  been  abstracted  in  passing  through 
the  first-stage  to  the  nozzles  of  the  first 
diaphragm.  It  has,  however,  a  large  amount 
of  unexpended  energy,  since  the  expansion 
has  covered  only  a  small  part  of  the  available 
pressure'  range.  The  expansion  process  is 
therefore  repeated  in  subsequent  stages. 

The  steam,  having  left  the  buckets  of  the 
first-stage  wheel  and  having  had  its  velocity 
greatly  reduced,  reaches  a  second  series  of 
bowls  in  the  first  diaphragm,  opening  upon  a 
second  series  of  nozzles  for  the  second  stage 
which  are  cast  integral  with  the  diaphragm. 
Through  these  nozzles  the  steam  expands 
from  the  first-stage  shell  pressure  to  a  lower 


gauge  steam  pressure,  50  deg.  F.  superheat 
at  the  throttle  valve,  and  at  the  exhaust  an 
absolute  back  pressure  of  1.5  in.  of  mercury 
when  referred  to  a  30-in.  barometer. 

Direction  of  Rotation 

The  direction  of  rotation  of  the  turbine 
wheels  is  always  counter-clockwise,  or  left- 
hand,  when  viewed  from  the  head  end.  With 
this  system  of  ship  propulsion  the  turbine- 
generators  are  run  continuously  in  one 
direction ;  the  propellers  being  reversed  b}'  the 
electric  motors.  This  arrangement  sim- 
plifies the  maneuvering  of  the  vessel  and 
recent  experience  has  proved  it  to  be 
extremely  simple  and  satisfactor}^  As  the 
momentum  of  moving  vessels  is  enormous. 
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Throttle  Vnlvf  ami  Emergency  Governor 

The  steam  is  acliniUod  from  IIr'  main  steam 
pipe  to  the  \-alve  easiiij,'  of  the  turbine  tlirouj^'h 
a  eombiiied  throttle  and  tri])  \'alve  with 
strainer.  The  strainer  is  jjrovided  to  i)rcvcnt 
the  iiossihility  of  scale  or  other  foreign  matter 
fri>m  enlerintj  the  first  staj^e  nozzles  and 
doin.i;  daniaj^e  to  the  rotating;  i)arts.  The 
desii;n  of  this  valve  is  exactly  the  same  as 
those  used  in  connection  with  land  turbines', 
and  the  valve  seats  are  made  of  non-corrodable 


turbine  arc  closed  ami  the  exhaust  steam 
from  the  exciter  units  is  Ijy-passed  auloinalic- 
ally  lhrouj;h  a  spring-loaded  haek-iiressure 
\<'ii\e  to  the  exhaust  casin^,'  of  the  turbine, 

thence  tn  I  lie  main  condenser. 

Valve  Casing  and  Controlling  Valves 

The  \'alve  casin({  for  receiving  the  con- 
trolling valves,  one  of  which  is  shown  in  Fi^.  '.i, 
is  a  steel  casting  with  the  upper  suriface 
machined  for  the  valve  slufTing  boxes;  the 
brackets  for  sujjfjorting  the  cam  shaft  being 
bolted  directly  aft  (jf  the  controlling  valves. 
The  parts  of  the  \alves  which  are  exjxjsed 
to  the  action  of  the  steam  are  made  of  non- 
corrodable  metal,  are  easily  renewable,  and 
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lowing  Principal  Overall  D: 


metal.  This  valve  is  automatically  closed, 
in  case  of  overspeeding  of  the  turbine,  b}' 
the  emergency  governor  which  is  of  the 
ring  type  and  mounted  on  the  main  turbine 
shaft  between  the  governor  drive  and  the 
thrust-bearing  mechanism. 

The  governor  is  slightly  unbalanced,  and 
the  centrifugal  force  acting  on  this  unbalanced 
weight  is  counter-acted  by  springs.  The 
governor  is  so  designed  that  when  the 
turbine  speed  increases  approximately  10  per 
cent  above  normal  the  centrifugal  effort  over- 
comes the  springs  and  the  rings  move  out  and 
strike  the  trip  finger  of  the  emergency  tripping 
device.  When  this  occurs,  the  throttle  valve 
and  the  stage  valves  which  convey  the  steaiii 
from  the  exciters  to  the  lower  stages  of  the 


are  so  proportioned  as  to  prevent  injuries  by 
high  steam  velocities. 

The  cams  for  the  operation  of  the  control- 
ling -^-alves  are  arranged  on  the  cam  shaft  in 
such  a  manner  that  the  valves  are  raised  and 
lowered  in  proper  sequence;  this  being  deter- 
mined by  the  angular  spacing  of  the  cams  on 
the  shaft.  Provision  is  made  so  that  the 
valves  are  automaticallj^  closed  should  they 
have  a  tendency  to  remain  open  w'hen  the 
load  on  the  generator  is  reduced  for  any 
reason. 

First-stage  Nozzles 

The  first-stage  expanding  nozzle  segments, 
which  deliver  the  steam  to  the  first-stage 
buckets,  consist  of  several  groups  of  nozzles, 
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each  group  being  under  the  control  of  one  of 
the  controlling  valves  illustrated  in  Fig.  3. 
They  are  of  such  dimensions  that  the  steam 
is  expanded  from  the  bowl  pressure  to  the 
predetermined  pressure  necessary  to  give  the 
steam  the  desired  velocity.     These  groups  of 


Fig.  3.     Assembly  of  one  of  the  Controlling  Valves 
for  First-stage  Steam  Nozzles 

nozzles  become  active  successively,  and  the 
regulation  of  the  turbine  speed  is  accomplished 
by  lengthening  or  shortening  this  belt  for 
admitting  steam;  at  the  maximum  load  the 
full  nozzle  segment  is  brought  into  action. 

Bucket  Wheels 

The  bucket  wheels  are  steel  forgings, 
machined  over  their  entire  surface  and  are 
proportioned  to  give  good  distribution  of 
centrifugal  load  and  to  insure  proper  fit 
on  the  shaft  to  which  they  are  keyed.  In 
order  to  obtain  a  good  fit  between  the  wheels 
and  the  shaft,  the  bore  of  the  hubs  have 
varying  diameters  increasing  from  the  first 
wheel  and  reaching  the  maximum  at  the  tenth 
wheel.  The  rims  are  machined  to  receive  a 
single  row  of  buckets,  with  the  exception  of 
the  first  wheel  which  has  a  double  row  of 
blading.  The  dovetailed  chamber  is  opened 
for  the  insertion  of  the  buckets  and  is  after- 
wards closed  by  a  spacing  block.  The  first- 
stage  and  tenth-stage  wheels  have  tapped 
holes  conveniently  arranged  for  the  reception 
of    balancing    weights;    these    holes    being 


accessible  through  openings  in  the  upper  half 
of  the  head  and  the  exhaust  hood.  All 
wheels  have  a  number  of  holes  for  the  purpose 
of  equalizing  the  steam  pressure  on  either  side 
of  the  wheel. 

Buckets 

The  buckets  for  the  first  eight  wheels  are 
formed  with  a  dovetail  shaped  tenon  as 
shown  in  the  assembly  drawing  of  the  turbine. 
Fig.  1 ;  the  buckets  for  the  remaining  two 
wheels  being  of  the  standard  inverted  type. 
The  intermediate  or  stationary  buckets  for 
the  first  stage  are  dovetailed  into  the  inter- 
mediate segment  which  is  secured  to  the  upper 
half  of  the  shell  in  an  approved  manner. 
The  intermediate  buckets  are  prevented  from 
displacement  b}^  the  use  of  a  clearance  block 
which  is  machined  to  exactly  the  same  width 
as  the  intermediates;  this  block,  as  its  name 
indicates,  is  also  used  when  measuring  the 
clearance  between  the  stationary  and  revolv- 
ing buckets. 

All  buckets,  which  are  of  rugged  design,  are 
carefully  polished  before  being  assembled. 
Surrounding  their  outer  ends  is  a  metal 
shrouding  to  which  the  end  of  each  individual 
bucket  is  securely  riveted.  The  shroud  bands 
are  made  in  segments,  ample  clearance  being 
provided  between  joints  for  the  purpose  of 
preventing  excessive  strains  being  imposed 
upon  the  bucket  tenons.  The  function  of  the 
shrouding  is  partly  to  stiffen  the  complete 
row  and  reduce  vibration,  and  partly  to  assist 
in  retaining  the  steam  flow  in  the  proper  path. 

Nozzle  Diaphragms 

The  nozzle  partitions  are  of  nickel  steel  and 
cast  integral  with  the  diaphragms  of  the 
remaining  stages;  these  diaphragms  being  in 
halves,  split  horizontally,  and  fitted  at  the 
joints  with  non-corrodable  radial  keys  for  the 
purpose  of  maintaining  the  alignment  of  the 
halves.  As  the  steam  expands  from  stage  to 
stage,  its  volume  rapidly  increases  and  con- 
sequently a  greater  area  of  steam  passage 
must  be  provided.  This  is  accomplished  by 
simply  increasing  the  height  of  the  buckets 
and  the  number  and  area  of  the  nozzles  for 
the  various  stages. 

The  nozzles  of  all  diaphragms  of  the 
turbines  are  spaced  on  the  complete  circum- 
ference of  the  diaphragms.  Ample  arrange- 
ments are  made  for  the  handling  of  the 
diaphragms,  and  leakage  of  steam  at  the 
shaft  is  prevented  by  a  tj-pe  of  semi-lab}Tinth 
packing.  The  diaphragms  bear  a  relatively 
heavy    pressure    from    the    steam    on    their 
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f<ir\vanl  sides  and  sti-ain  li>,'lU  joints  are 
foniH'd  at  liu'  point  of  c-onlact  with  the 
turliine  sIk'H  without  the  use  of  bolls  and  nuts. 
Provision  is  also  made  for  securin),'  the  ui)pi'r 
halves  of  the  diaplira^ms  to  the  shell  when 
these  parts  are  lieiiij;  lifted  t"or  the  examina- 
tion of  the  interior  parts  of  the  Inrbine. 

Hi-nit  and  Slicll 

The  turbine  head  whieh  sujjports  the  valve 
casint^  antl  the  lalnrinth  tNjie  paekinj;;  is  a 
steel  casting;  and  is  earefuUy  annealed  to 
eliminate  easting  strains.  The  steam  which 
is  fed  from  the  controlling  valves  to  the  first 
stage  nozzle  passes  through  o])enings  in  the 
upiier  half  of  the  head;  one  of  these  ports  for 
a  grou])  of  nozzles  being  shown  in  Fig.  1. 
The  casting  is  strongly  ribbed  and  the  flange 
bolts  are  located  so  as  to  reduce  to  a  minimum 
any  possibility  of  distortion.  Connections 
are  provided  for  the  steam  seal  pipes  leading  to 
the  shaft  i)acking. 

The  turbine  shell  is  also  in  halves,  split 
horizontally,  and  arranged  for  bolting 
together,  to  the  head,  and  to  the  exhaust 
casing;  this  bolting  being  arranged  to  facilitate 
the  inspection  of  the  interior  parts  of  the 
turbine.  The  shell  has  turned  internal  seats 
to  receive  the  nozzle  diaphragms.  The  upper 
half  of  the  shell  has  two  flanged  connections 
for  the  admission  of  the  exhaust  steam  from 
the  300-kw.  exciter  units;  one  of  these  con- 
nections leading  into  the  fourth-stage  shell, 
and  the  second  connection  leading  into  the 
seventh-stage  shell,  as  indicated  in  Fig.  1. 

The  design  of  the  lower  half  of  the  shell  is 
quite  similar  to  the  upper  half;  the  main 
exception  being  that  flanged  connections  are 
provided  on  either  side  of  the  shell  for  the 
admission  of  the  excess  leakage  steam  which 
escapes  from  the  head-end  labyrinth  type 
packing  under  abnormal  conditions  of  opera- 
tion. 

The  use  of  the  impulse  type  of  turbine  makes 
it  possible  to  reduce  considerably  the  length 
of  the  turbine  shell  as  well  as  the  shaft  in  com- 
parison with  that  which  would  be  necessary 
were  reaction  blading  used.  The  assembly 
drawing  of  the  turbine.  Fig.  1,  clearly  shows 
the  simple  and  compact  arrangement  of  the 
shell  and  enclosed  parts.  "When  it  is  required 
that  the  upper  half  of  the  shell  be  lifted  for 
the  inspection  of  the  internal  mechanism,  this 
w^ork  is  simplified  and  damage  to  the  parts  is 
prevented  by  guide  pins  which  are  used  for 
preserving  the  alignment  of  the  parts.  Ample 
pro\nsion  is  made  for  draining  the  shell  of 
water  accumulations. 


Exhaust  Casing  and  Standard,  Middle  Bearinsi,  and 
Exhaust  Hood 

The  section  through  the  exhaust  casing  and 
standard,  and  the  turbine  and  generator 
middle  bearings,  is  shown  in  F'ig.  I .  Thi.-  cas- 
ing is  securely  bolted  to  the  sliijj's  foundation 
and  is  fixed  against  longitudinal  movement. 
By  this  method,  the  leverage  between  the 
seating  and  the  center  line  of  the  turbine  is 
greatly  reduced.  A  novel  feature  in  con- 
nection with  the  cast-in  pipes  for  the  sealing 
steam  of  the  low-pressure  labyrinth-type 
jjacking,  which  eliminates  the  troublesome 
features  in  connection  with  fittings,  is  shown 
by  Fig.  1.  Any  accumulation  or  spill  of 
w^ater  from  the  packing  casing  is  carried  away 
by  a  pipe  which  is  connected  to  the  chamber 
at  the  after  side  of  the  packing  casing.  The 
drain  pipe  for  taking  care  of  any  water 
which  accumulates  in  the  low  point  of  the 
casing  is  lead  through  suitably  arranged 
piping  to  the  turbine  drain  pump.  The  two 
middle  bearings,  as  well  as  the  flexible  jaw 
coupling,  are  totally  enclosed  by  the  casing 
and  bearing  caps.  The  exhaust  hood,  which 
is  arranged  for  an  upward  exhaust  and 
conveys  the  steam  to  the  main  condenser, 
is  of  cast  iron  and  rectangular  in  shape,  and  is 
supported  against  the  pressure  from  without 
by  suitable  struts. 

Flanged  connections  are  p^o^•ided  for  the 
bolting  of  the  spring-loaded  relief  valve  which 
is  employed  when  the  exhaust  steam  of  the 
exciter  units  is  being  fed  directly  to  the  main 
condenser  rather  than  to  the  lower  stages  of 
the  turbine.  The  removal  of  the  exhaust 
hood  is  expedited  by  the  use  of  lifting  straps. 

Turbine  Shaft 

The  turbine  shaft  is  of  forged  nickel  steel 
and  is  machined  over  its  entire  surface.  The 
shaft  is  "stepped"  for  the  reception  of  the 
bucket  wheels;  pro\-ision  being  made  for 
preventing  the  axial  displacement  of  the 
wheels  on  the  shaft.  Each  wheel  is  balanced 
before  being  assembled  on  the  shaft  and  the 
complete  rotor  is  afterwards  carefully  balanced 
when  assembled  in  the  machine.  The  critical 
speed  of  the  shaft  is  considerably  higher  than 
the  operating  speed,  which  is  variable,  and 
this  prevents  whipping  of  the  shaft  and 
injurv'  to  the  bearings. 

The  forward  end  of  the  shaft  is  formed  for 
receiving  the  dri\-ing  mechanism  of  the 
operating  governor;  the  thrust  bearing  being 
mounted  directly  forward  of  the  head-end 
bearing,  and  the  emergency  governor  being 
mounted  between  the  thrust  bearing  and  the 
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governor  driving  mechanism.  The  sleeves  of 
the  shaft  packings,  the  sleeve  of  the  packing 
for  the  first  diaphragm,  and  the  male  half  of 
the  flexible  jaw  coupling  are  mounted  as 
shown  in  Fig.  1. 

Main  Bearings 

The  four  main  bearings  of  each  unit  are  of 
the  spherical-seat  water-cooled  self-aligning 
type,  and  are  split  horizontally  to  permit  of 
their  easy  removal  without  displacing  the 
shafts.  The  sleeves  are  heavily  lined  with 
the  best  quality  babbit  metal,  and  are  bored 
and  hand  scraped  to  obtain  the  proper  journal 
fit.  Circumferential  grooves  are  turned  in 
the  upper  halves  of  the  shells  for  the  proper 
distribution  and  flow  of  the  'oil  which  is 
supplied  by  the  forced  lubrication  system, 
under  a  pressure  of  about  ten  pounds  gauge, 
by  motor-driven  rotary  pumps. 

By  employing  the  forced  system  of  lubrica- 
tion, a  perfect  oil  film  is  maintained  between 
the  revolving  journal  and  the  stationary 
bearing,  and  the  heat  generated  in  the  bearing 
is  properly  dissipated.  Reliability  of  opera- 
tion is  further  insured  by  the  oil  being  cooled 
as  it  passes  through  the  bearings,  by  coils 
which  are  imbedded  in  the  babbitt  of  the 
top  and  bottom  halves.  These  coils  are 
connected  to  the  water  circulating  system  of 
the  ship;  stop  valves  being  supplied  for  con- 
trolling the  flow  of  water  to  each  bearing. 

The  outlet  piping  from  each  bearing  is 
discharged  into  an  open  tank  and  arrange- 
ments are  made  so  that  the  discharged  oil 
may  be  observed  and  its  temperature  taken. 
The  customary  arrangement  of  oil  deflectors, 
oil  guards,  and  air  shields  is  provided  for  the 
purpose  of  preventing  the  oil  discharge  from 
the  ends  of  the  bearings  being  thrown  from  the 
rotating  shafts. 

Bearing  Standards 

The  standard  and  cap  for  supporting  the 
head-end  bearing  and  for  enclosing  the  thrust 
bearing  is  strongly  ribbed  to  furnish  the 
required  rigidity;  ample  surface  being  pro- 
vided to  form  a  proper  seating  for  the  turbine 
on  the  base  which  is  bolted  to  the  ship's 
foundation,  and  upon  which  the  standard  is 
free  to  slide  in  a  fore-and-aft  direction  to 
compensate  for  the  expansion  which  takes 
place.  Axial  alignment  is  maintained  by  a 
key  which  engages  in  a  key-way  machined  in 
the  bearing  standard.  The  standard  for 
the  two  rniddle  bearings  of  the  unit  is  formed 
with  the  exhaust  casing  of  the  turbine,  and 
by  this  arrangement  permanency  of  alignment 


is  maintained.  The  generator-end  standard 
is  supported  directly  by  the  ship's  foundation 
and  is  not  in  any  way. bolted  to  the  generator 
frame,  and  for  the  purpose  of  preventing  the 
flow  of  eddy  currents  in  the  frame  of  the 
generator,  seating,  and  generator-end  bearing 
standard,  the  latter  is  insulated  from  its 
seating. 

Operating  Governor 

The  operating  governor  is  of  the  centrifugal 
type,  which  is  standard  for  this  type  of 
apparatus,  and  is  mounted  on  the  upper  end 
of  the  governor  drive  vertical  shaft,  which  is 
driven  through  worm  gearing  from  the  main 
turbine  shaft.  The  governor  is  designed  for 
a  normal  turbine  speed  of  2130  r.p.m., 
although  arrangements  are  provided  so  the 
speed  may  be  controlled  as  low  as  670  r.p.m. 
During   operation,   a   balance  is  maintained 


Fig.  4.     Arrangement  of  Hydraulic  Operating  Mechanism 
showing  connections  to  the  main  operating  switch- 
board, and  the  8-in.  spring-loaded 
relief  valve 


between  the  main  governor  spring  and  the 
centrifugal  force  acting  upon  the  governor 
weights;  the  motion  being  transmitted 
through  the  spindle  to  the  transmission  bear- 
ing which  is  mounted  in  the  governor  lever. 
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Vnnu  llu'  ^;i)\-iTiU)r  U'vit  iIr'  iiKilinii  is 
I'urtluT  transinill(.Hl  IhroiiKli  a  scrii's  of  levrrs 
'to  Iho  pilot  \alvi>  of  Uk'  lu'draulic  cylindcT; 
till'  jji'iH-ral  arianj^oniont  of  lliis  incchanism 
\k''u\^  shown  liy  Im^'.  -t- 

Hydraulic  Operating  Mochnnisni 

The  hyilrauHc  operating  nit'chanism  of  the 
turbine  consists  essentially  of  a  cylinder  to 
which  oil  under  jiressure  is  fed  ihrou^'h  a 
pilot  valve  from  the  lubricating  system  of  the 
turbine;  this  pilot  valve  heinjj  normally 
under  the  control  of  the  operating  governor 
just  described.  Fig.  4  shows  the  general 
arrangement  of  the  hydraulic  gear  and  the 
connection  through  the  cam  shaft  to  the 
spring-loaded  relief  valve,  which  is  attached 
to  the  exhaust  hood,  and  the  diagrammatic 
arrangement  of  the  connections,  levers,  etc  , 
which  are  operated  from  tlie  main  switch- 
board. 

The  upper  end  of  the  piston  rod  of  the 
hydraulic  cylinder  carries  a  rack  which 
meshes  with  a  pinion  on  the  cam  shaft  and  so 
actuates  the  shaft  for  the  opening  and  closing 
of  the  controlling  valves,  Fig.  3,  and  the 
spring-loaded  back-pressure  valve. 

By  the  sv'stem  of  control  shown  by  Fig.  4, 
the  amount  of  steam  admitted  to  the  turbine 
is  varied  and  the  speed  altered  to  suit  the 
changing  conditions;  the  governor  immedi- 
ately responding  to  a  variation  in  speed. 
Under  certain  conditions  of  operation,  such 
as  turning  the  ship,  excessive  load  is  thrown 
on  the  inboard  motors  due  to  the  action 
of  the  operating  governor  which  tends  to 
maintain  a  constant  speed  by  admitting  more 
steam  through  the  controlling  valves  to  the 
first-stage  nozzles.  In  order  to  prevent  this 
condition,  a  steam-limiting  device  is  provided 
so  that  when  adjusted  for  a  pre-determined 
speed  only  a  definite  number  of  controlling 
valves  mav'  be  operated.  This  action  is 
accomplished  by  a  stop  block  which  slides 
up  or  down  on  the  connecting  rod,  and  which 
Hmits  the  travel  of  the  pilot  valve  of  the 
hydraulic  cylinder  in  one  direction  only. 

A  steam-limit  indicating  switch  is  mounted 
on  the  hook  of  the  stop  block.  While 
maneuvering,  this  limit  lever  wath  collapsable 
indicating  switch  is  normally  out  of  range, 
but  is  adjusted  as  soon  as  under  way.  When 
adjusted,  anj'  increase  in  the  load  will  cause 
a  reduction  in  the  turbine  speed,  but  with  a 
decrease  in  the  load  the  governor  immediately 
operates  shutting  ofi  the  steam  and  preventing 
the  turbine  from  increasing  its  speed  beyond 
its  normal  operating  range. 


Emergency  Trippinn  Device 

The  turbine-giMurator  is  protected  from 
over-speeding  by  the  action  of  the  emergency 
governor  i^reviously  described,  which  ojierale.i 
in  connection  with  the  emergency  irijjping 
device  and  closes  the  valves  for  admitting 


Fig.  5.      Assembly  of  Emergency  Tripping  Device 

steam  to  the  turbine.  When  the  emergency 
governor  operates,  the  rings  strike  the  trip 
finger  of  the  tripping  device,  Fig.  5,  and 
assume  the  running  position  show-n  by  the 
dotted  lines.  The  released  rod  of  the 
emergency  device,  which  is  actuated  by  the 
stored-up  energy  in  the  main  spring  that  is 
enclosed  in  the  casing,  slides  on  the  inclined 
surface  of  the  catch  plate  of  the  trip  finger 
and  carries  the  latter  part  beyond  the  striking 
radius  of  the  governor  rings. 

When  the  trip  rod  is  released,  the  hand 
lever  is  pulled  downward  which  rotates  the 
shaft  an  amount  sufficient  to  release  the 
catch  plates  that  are  attached  to  the  trip 
lever  and  the  trip  connection  leading  to  the 
valves.  The  upper  connection,  shown  by 
Fig.  5,  leads  to  the  tripping  mechanism  of 
the  combined  throttle  and  trip  valve;  the 
lower  connection  being  united  to  the  t-wo  trip 
valves    that    are    connected    through    check 


240     April,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  4 


valves  to  the  lower  stages  of  the  turbine. 
The  throttle  valve  and  the  stage  valves  may 
also  be  tripped  by  simply  pressing  down  on 
the  hand  lever.  Fig.  5,  sufficiently  to  dis- 
engage the  catch  plates. 


Fig.  6.     Assembly  of  High-pressure  Head-end 
Labyrinth-type  Shaft  Packing 

Thrust  Bearing 

The  axial  position  of  the  turbine  rotor  is 
determined  by  the  setting  of  the  thrust 
bearing  which  also  absorbs  the  axial  thrust 
of  the  rotor  when  the  turbine  is  in  operation. 
The  bearing  is  mounted  within  the  head-end 
bearing  standard,  and  consists  essentially  of 
an  outer  shell  which  is  in  halves  and  supported 
by  the  main  turbine  bearing,  an  inner  shell 
which  is  also  in  halves,  and  a  thrust  collar 
which  rotates  between  two  babbitt-faced 
thrust  rings  that  are  dowelled  to  prevent  their 
turning.  Arrangements  are  provided  for 
making  the  necessary  adjustments  so  as  to 
obtain  the  proper  end-play  or  oil  clearance 
between  the  rotating  collar  and  stationary 
rings. 

The  thrust  bearing  is  so  constructed  that 
the  axial  position  of  the  rotor,  and  therefore 
the  effective  bucket  clearance,  may  be 
altered  by  adjusting  a  worm  shaft  which 
extends  through  the  bearing  standard.  The 
thrust    bearing    is    lubricated    by    oil    which 


flows  through  holes  drilled  in  the  turbine 
shaft  and  which  communicate  with  radial 
grooves  in  the  bearing  rings,  and  finally 
passes  outward  through  the  exit  holes  in  the 
inner  and  outer  shells,  from  whence  it  is 
returned  to  the  main  oiling  system.  The 
tendency  of  the  turbine  wheels,  when  under 
normal  load,  is  to  move  the  shaft  axially 
toward  the  generator  and  if  for  any  reason 
the  thrust  bearing  rings  wear  abnormally, 
and  decrease  the  bucket  clearance  bej'ond 
the  predetermined  amount,  the  wheels  will 
rub  and  cause  damage.  For  the  piu^pose  of 
warning  the  engineer  in  case  of  any  such 
excessive  wear  or  damage  to  the  thrust  bearing 
rings,  emergency  or  "squealer"  rings  are 
fitted. 

In  order  to  indicate  positively  the  position 
of  the  turbine  rotor  when  the  machine  is  in 
operation,  a  clearance  indicator  is  fitted 
within  the  head-end  bearing  standard.  This 
indicator  is  not  normally  in  contact  with  the 
revolving  shaft,  but  when  desired  to  ascertain 
the  operating  clearance  it  is  only  necessary  to 
press  the  arm  of  the  indicator  so  that  contact 
is  made  with  the  bushing  of  the  indicator 
and  the  revolving  member  of  the  turbine. 

Shaft  Packings 

For  the  purpose  of  preventing  air  being 
drawn  inside  the  casing  when  the  pressure  is 
below  atmosphere,  and  to  prevent  steam 
leakage  when  the  pressure  is  greater  than 
atmosphere,  labyrinth-type  shaft  packings 
are  fitted  at  the  head  and  exhaust  ends  of 
the  turbine  in  the  manner  shown  by  Figs.  1 
and  6. 

The  revolving  sleeves  are  arranged  for 
bolting  to  the  shaft  and  for  the  making  of  any 
necessary  axial  adjustments.  The  stationary 
rings  are  dovetailed  and  fitted  to  openings 
machined  in  the  packing  casings  which  in 
turn  are  fitted  to  the  main  casing.  Under 
normal  conditions  of  operation,  the  escaping 
steam  from  the  high-pressiu^e  or  head-end 
packing  is  discharged  through  the  connection 
leading  to  the  exhaust  casing  for  sealing  the 
low-pressure  or  exhaust-end  packing.  Under 
abnormal  conditions,  where  the  steam  leakage 
from  the  high-pressure  packing  is  in  excess 
of  the  amount  required  for  the  sealing  of  the 
exhaust-end  packing,  the  overplus  steam  is 
delivered  through  an  automatic  valve  to 
one  of  the  lower  stages  of  the  turbine.  When 
first  starting  the  turbine  and  when  running  at 
low  speeds  and  light  loads,  arrangements  are 
pro^dded  for  admitting  live  steam  to  properly 
seal  the  packings  and  prevent  air  leakage. 
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("om|ilii-ati()iis  air  aMiiilnl  in  the  arran^;c- 
■  im'iii  III'  sti-ain  seal  (.'(lUiK'ttinns  so  thai  al  all 
tiini'S  tho  full  opiTalinj^'  hciu'lils  are  derived 
tliro»j,'h  maintaining  a  lii^li  vacuum. 

The  paekin>,'s  for  the  diaphragms,  for 
jireveiitiuK  the  leakaj^'e  of  sli'ani  lielvveen 
stajj;es  al  the  shafts,  are  of  the  semi-labyrinth 
type,  with  the  exeeiilion  of  the  one  for  the 
second  sta},'e  diajihragm  where  a  sleeve  is 
mounted  between  the  first  and  second  wheels; 
the  revolving  sleeves  for  the  remaining 
diaphragms  being  omitted  as  the  flanges  of 
the  iuibs  are  linislietl  to  the  retiuired  outside 
diameter  for  maintaining  the  proper  radial 
clearance. 

Flexible  Jaw  Coupling 

The  mechanical  connection  between  the 
turbine  shaft  and  generator  shaft  is  made  by 
means  of  the  flexible  jaw  coupling  shown  in 
Fig.  1.  The  coupling,  which  compensates 
for  any  slight  inaccuracies  of  alignment  of  the 
shafts,  consists  of  spiders  which  are  shrunk 
and  keyed  on  the  ends  of  the  shafts  and  of 
coupling  claws  which  fit  over  and  engage  with 
the  jaws  of  the  spiders.  The  coupling  claws 
are  bolted  together  by  the  usual  type  of 
flanges,  and  form  a  sleeve  through  which 
the  power  is  delivered  from  the  turbine  to  the 
generator.  Bearing  rings  are  provided  for 
holding  the  coupling  claws  concentric  with 
the  spiders,  and  clearance  is  provided  at  the 
jaws  for  any  axial  movement  due  to  expansion 
or  wear  of  the  thrust  bearings. 

Jaw  bearing  face  plates  are  fitted  in  a 
manner  so  that  their  easy  renewal  may  be 
made  if  required.  The  bearing  surfaces  of 
the  coupling  are  lubricated  by  the  oil  dis- 
charged from  the  two  middle  bearings,  it 
being  delivered  to  circular  grooves  turned  in 
the  ends  of  the  spiders.  From  these  grooves 
the  oil  is  carried  by  the  action  of  centrifugal 
force  through  drilled  holes  to  the  bearing 
surfaces.  By  this  means  ample  lubrication  is 
provided,  and  as  the  coupling  is  completely 
enclosed  by  the  bearing  standard  and  caps 
nc  oil  throwing  or  leakage  can  occur  and 
cleanliness  of  operation  is  insured. 

Lubrication 

The  main  bearings  of  the  turbines  and 
generators,  the  thrust  bearings,  the  flexible- 
jaw  couplings,  the  operating  governors,  and 
the  operating  governor  drives  of  the  turbines 
are  lubricated  by  the  forced  system  of 
lubrication  provided  from  the  oil  circulating 
system  of  the  ship. 


The  system  consists  of  the  necessary 
luimber  f)f  oil  i)umijs,  oil  coolers,  pijjes,  tanks, 
strainers,  relief  valves  and  thermometers. 

A  complete  system  is  arranged  for  the 
bearings  of  the  ])ort  set,  and  a  similar  system 


7.     Assembly  of  300-kw.,  5037-r.p.m.,  One-stage, 
rbine  for  Connection  Through  Reduction  Gears 
to  300-kw..  1000-r.p.m.,  120  240-volts 
Exciter  Generator 


in  all  respects  for  the  bearings  of  the  starboard 
unit;  the  two  systems  being  cross  connected 
in  such  a  manner  that  in  an  emergency  the 
system  on  either  side  will  provide  lubrication 
for  all  the  bearings  of  both  sets. 

The  cooling  water  for  the  oil  coolers  is 
supplied  by  the  oil-cooler  circulating  pumps, 
with  emergency  connections  from  the  fire 
main  and  the  main  circulating  pumps. 
The  pumps  draw  the  water  from  the  sea, 
force  it  through  the  coolers  and  thence  over- 
board. The  discharged  oil  from  the  bearings 
is  returned  to  the  drain  tanks  which  have 
filling  pipes  from  the  oil  storage  tanks. 

300-KW.  GEARED  TURBINE  EXCITER  UNITS 

The  direct-current  turbine-driven  generat- 
ing units  which  are  used  for  excitation  are 
designed  to  conform  to  the  government 
requirements  for  this  type  of  apparatus;  the 
turbines  being  of  the  single-stage  non-condens- 
ing type  to  operate  at  a  speed  of  5037  r.p.m. 
with  a  steam  pressure  of  200  lb.  gauge  and 
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atmospheric  exhaust.  The  generators,  which 
are  rated  300-kw.,  1000-r.p.m.,  120/240  volts, 
are  of  the  three-wire  type  of  standard  design 
and  are  driven  by  the  turbine  through  a 
speed  reducing  gear. 


Fig.  8, 


Turbine 

A  section  through  the  turbine  is  shown  in 
Fig.  7,  the  general  design  being  in  accordance 
with  established  practice.  The  lubricant  for 
the  various  bearings  of  the  unit  is  supplied  by 
a  geared  oil  pump  which  is  driven  through  a 
worm  and  gear  by  the  main  shaft  of  the 
turbine;  the  upper  end  of  the  oil  pump  shaft 
receiving  the  operating  governor. 


Buckets 

The  single  wheel  carries  a  double  row  of 
buckets,  the  stationary  buckets  being  fitted 
into  the  dovetail  of  the  intermediate  segment 
which  is  bolted  to  the  first-stage  nozzle  and  to 
the  upper  half  of  the  turbine  head  as  shown  in 
Fig.  7. 

Hydraulic  Valve  Gear 

The  general  arrangement  of  the  hydraulic 
operating  mechanism  of  the  turbines  is  shown 
by  Fig.  S. 

Pop  Signal  Valve 

The  exterior  casing  of  each  turbine  is 
provided  with  a  signal  pop  safety  or  sentinel 
valve  which  is  adjusted  to  blow  off  at  a 
predetermined  pressure.  When  the  signal 
valve  discharges,  it  acts  as  a  warning  to  the 
engineer  that  the  turbine  should  be  shut  down. 
This  valve  also  protects  the  turbine  shell  from 
excessive  pressure  due  to  a  possible  leaky 
throttle  valve. 

Speed  Reducing  Gear 

The  speed  reducing  gear,  Fig.  9,  is  mounted 
between  the  turbine  and  the  generator,  as 
shown  in  Fig.  10,  and  is  of  the  flexible-disk 
single-reduction  type,  provided  with  helically 
cut  teeth  and  designed  so  as  to  equalize  the 
driving  pressure  over  the  acting  driving  face 
and  to  limit  the  strain  imposed  at  any  one 
point. 

Pinion 

The  teeth  of  the  pinion  are  cut  integral 
with  its  shaft,  which  is  connected  to  the 
turbine  by  a  solid  flanged  type  of  coupling. 

Low-speed  Gear 

The  disks  of  the  low-speed  gear  are  mounted 
on  a  hub  against  a  central  collar  which  sepa- 


Fig.  9.      Single-reduction  G 


ts  Generator 
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rail's  llu'  two  nu'inbiTs  >>(  ilii-  j;ear.  Studs, 
.pass  llir<nif.;h  tin-  disks  and  the  collar  to 
pri'vciil  axial  mnvrnuii!  i>(  the  disks  nl  lliis 
|)()inl.  TIk'  hull  and  ihr  shaft,  have  keys 
and  ki'>'\va\'S  to  prt'NciU  I  he  displaceiniMU  of 
llu'  hub  on  the  shaft.  The  half  eouplinj;  of 
the  l(>\v-si)eed  j.;ear  sliaft,  for  eonneetion  to  the 
half  coui)lini;  of  thi'  generator  shaft,  is  forced 
solid  with  its  sliafl.  The  lo\v-s])ecd  K'^'^r  '^ 
inounti'd  direetly  al)o\'e  its  driN'in;.;  jiinion. 

Axial  Adjustment 

The  end  play  of  the  main  shaft  is  controlled 
liy  the  thrust  bearing  which  is  fitted  on  the 
turbine  end  of  the  low-speed  shaft,  also 
by  the  dashpot  on  the  generator  end  of  the 
liinion  shaft.  The  ends  of  the  low-speed 
shaft  thrust  bearings  are  faced  with  babbitt 
metal.  The  inner  face  bears  against  the  hub 
of  the  gear  and  the  flange.  The  bearing  is 
prevented  from  rotating  by  means  of  a  stud. 
The  adjustment  of  the  clearance  in  the 
gears  and  turbine  wheels  is  made  by  the  stud 
and  the  two  jack  screws  which   are  tajiped 


llirough  the  (laiige  of  the  bearings  ancj  resting 
against  the  face  of  the  gear  casing. 

Dasli  Pot 

'i"he  dash  i)ot  for  the  |>inion  shaft  is  a  plate 
larger  in  diameter  than  the  siiafl,  bai>bitled 
on  its  wearing  surface,  and  having  a  sliding 
fit  in  the  bearing  h(jusing. 

The  i)late  is  jirevented  from  turning  with 
the  shaft  by  a  stud.  The  discharged  oil  from 
the  pinion  shaft  bearing  fills  the  annular 
sjjace  on  either  side  of  the  jilatc,  thereby 
damping  sudden  axial  movements  or  vibra- 
tions of  the  shaft  and  pinion  at  no  load  and 
light  loads. 

Lubrication 

The  bearings  for  the  pinion  and  the  low- 
speed  gear,  like  the  turbine  bearings,  are 
lubricated  by  oil  supplied  from  the  geared  oil 
pump.  The  lubricant  for  the  pinion  and 
gears  is  fed  through  a  nozzle  in  the  lower  half 
of  the  gear  casing,  as  shown  in  Fig.  9. 


e  of  the  two  Exciter  Turbines.  Reducing  Gears,  and  Generators 
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The  New  Mexico's  Generators 

By  C.  S.  Raymond 
Alternating  Current  Engineering  Department,  General  Electric  Company 

The  design  and  construction  of  the  generators  for  the  New  Mexico  involved  no  radical  changes  from 
established  practice  for  land  installations.  Although  relatively  small  machines  when  compared  with  the 
45,000  kw.  generators,  the  weight  per  kv-a.  represents  the  lowest  point  on  the  curve.  A  special  feature  of 
these  generators  is  the  arrangement  of  the  stater  winding  in  two  coils  per  phase,  connected  in  parallel  for  low 
voltage  and  in  "square"  for  high  voltage  operation.  Another  unusual  feature  is  the  provision  for  50  per  cent 
over-excitation,  made  necessary  by  the  severe  requirement  of  reversing  the  propellers  while  proceeding  full 
speed  ahead.    The  details  of  construction  are  fully  illustrated  and  described  in  this  article. — Editor. 


Early  History 

It  will  be  of  interest  to  outline  briefly  the 
main  features  in  turbine-generator  develop- 
ment which  have  led  up  to  its  use  in  the 
propulsion  of  battleships  by  electricity. 


Commonwealth  Edison  Company  of  Chicago, 
111.,  in  the  year  1903. 

During  the  period  of  1903  to  1913,  inclu- 
sive, vertical  turbine-generators  of  capacities 
from  5000  to  20,000  kw.  were  made  in  vast 
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Fig.   1.     Curve  Showing  the  Decrease  in  Relative  Weight  per 
Kilovolt-ampere  Capacity  of  Large  Steam  Turbine  Genera- 
tors Using  Unity  to  Represent  the  Weight  per  Kv-a. 
of  a  Large  Low-speed  FlywheellType  Gtrnerator. 
The  1918  point  applies  to  the  New  Mexico 
generators 

The  use  of  steam  turbine-generators  of 
considerable  size  began  with  the  installation 
of  the  5000-kw.  500-r.p.m.  machine  for  the 


Fig.  2.      An  Early  Salient-pole  Type  of 
Turbine-generator  Rotor 


quantities.  The  rotative  speed  was  increased 
from  500  r.p.m.  to  750  r.p.m.  for  25-cycle 
machines  having  4-pole  generators;  and  to 
720  r.p.m.  for  60-cycle  machines  having  10- 
pole  generators. 

Great  progress  was  made  in  turbine 
efficiency.  For  example,  the  12,000-kw.  25- 
cycle  turbine-generators  that  replaced  the 
original  6-pole  5000-kw.  500-r.p.m.  machines 
installed  at  Chicago  showed  an  increased 
turbine  efficiency  of  40  per  cent.  Generator 
design  was  radically  changed,  due  to  the 
increased  rotative  speeds.  The  salient  pole 
type  was  rendered  obsolete,  it  being  necessary 
to  design  a  smooth  core  type  of  rotor  having  a 
distributed  winding. 

Many  improvements  were  made  in  ven- 
tilation. The  air  entering  the  generator  was 
directed  in  definite  paths  to  the  parts  to  be 
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coolod.     Till-  iii-K'>iiiK  ;""'  mi'  r.<'"iK  :'"'  was 
cntiivly  scparaU'd. 

Iinporlanl  iiniJrovcnu'iUs  woiv  tpailf  in  ll.c 
(li'sij,'ii  and  supixirl  of  slulor  coils  lo  prc- 
vi'iU  distortion  nndcr  sliort-circ-uit  strains. 
Stator  piiiu'iiiii);  niaU'rial  was  (k'X'clopod  wliii-h 
rcdiK'tHl  llu'  I'orc  losses  by  I'O  io  .SO 
per  cent.  'IVmiicralurc  coils  were 
introduced  hy  which  hot-sjjot  tem- 
peratmx's  could  he  detennincd.  These 
chanj^es  were  accomiianieii  hy  the 
adojUion  of  imi)roved  insulating;  ma- 
terials, methods  of  manufacture,  and 
.application. 

During;  this  10-year  period  of  un- 
paralleled de\-elopment  of  turhine- 
fjenerator  units,  rai)id  advancement 
in  the  qualil\-  of  materials  (_)l)tain- 
able,  constant  research  work,  and  the 
ever-present  demand  for  better  effi- 
ciency led  to  another  great  advance 
in  the  rotative  speed  of  steam  tur-  f 

bines.  The  speed  of  '25-cycle  units 
was  increased  from  7.50  r.p.m.  to  loOO 
r.p.m.  involving  a  change  from  4-pole  to 
2-pole  generators;  60-cycle  machines  from 
720  r.p.m.  to  1800  r.p.m.,  changing  the  10- 
pole  generators  to  4-pole  generators;  while 
some  of  the  smaller  GO-cycle  machines,  up  to 
and  including  the  5000-kw.  size,  were 
developed  with  a  rotative  speed  of  3600 
r.p.m.  involving  a  2-pole  generator. 

Referring  to  Fig.  2,  a  relative  weight  curve, 
assuming  as  unity  the  weight  per  kv-a.  for  a 
7500-kv-a.  flywheel  generator  running  at 
75  r.p.m.,  a  marked  decrease  in  weight  is 
shown  to  have  taken  place  in  the  period  from 
1903  to  1918,  inclusive.  The  curve  is  based 
on  25-cycle  turbine-generators  with  the 
exception  of  the  point  for  the  year  1918  which 


ri  presents  the  relative  weight  per  kv-a.  for  the 
.M-cycle,  U.S.S.  New  Mexico  generators.  A 
relative  weight  curve  for  (iO-cydc  turbine- 
generators,  due  lo  the  higher  rotative  speed 
and  ligliter  stator  cores,  would  show  to  even  a 
greater  degree  the  decrease  in  weight  per  kv-a. 


A  Development  in  Turbine-generator  Rotor  Construction 
Later  than  that  Shown  in  Fig.  2 

Prior  to  the  year  1903,  the  maximum 
capacity  of  the  low-speed  reciprocating  engine 
for  driving  electrical  machinery  was  approx- 
imately 7500  kw.  The  development  of  the 
steam  turbine  has  made  possible  a  vast 
increase  in  generating  capacity  contained 
within  a  single  frame.  The  following  tabula- 
tion, giving  the  year  of  installation  and  the 
capacity  of  single  units,  is  of  interest : 

Year  Installed                                              Kw.  Capacity 
1903 5,000 

1906 8,000 

1908 14,000 

1911 20,000 

1915 35,000 

1913 45,000 


The  Highest  Type  of  Rotor  Developmc 
used  in  the  propulsii 


;  for  Highspeed  Turbine  Ge 
1  generators  of  the  U.S.S.  .\'e 
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Judging  from  the  electrical  and  heating 
characteristics  of  the  4.5,000-kw.  generator, 
the  limit  of  capacity  has  not  yet  been  reached. 

The  installation  in  1903  of  the  5000-kw. 
turbine-generator,  referred  to  in  the  beginning 
of  this  article,   marked  a  distinct  epoch  in 


constructions  and  materials  in'  the  turbine- 
generators  for  the  U.S.S.  New  Mexico.  The 
purchaser  and  builder  have  every  reason  to 
expect  successful  operation  by  these  units 
with  respect  to  the  three  cardinal  principles: 
reliability,  economy,  and  maintenance. 


Cast  Type  of  Generator  Frame 
Construction 


Fig.  6.      The  Sectionalized  I-beam  Type  of  Generator  Frame. 

This    construction,    embodying    light    weight    without 

sacrifice  of  strength  and  rigidity,  is  used  in  the 

New  Mexico  generators 


steam-turbine  units.  Parallel  with  this  is  the 
application  of  the  high-speed  turbine- 
generator  for  propelling  ships  by  electricity, 
made  possible  b}'  improvements  in  the  art  by 
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Fig.  7.     The  Square-circuit  High-voltage  and  the  Diametrical- 
circuit  Low-voltage  Connections  of  Each  New  Mexico 
Turbine  Generator,  Obtained  by  Switching 


which  fuel  consumption  and  weights  per 
kilowatt  have  been  greatly  reduced.  Ex- 
perience gained  from  a  large  number  of 
machines  in  operation,  including  the 
electrically  propelled  U.S.S.  Collier  Jupiter, 
has   resulted   in   the   elimination    of   untried 


Electrical  Description 

The  U.S.S.  New  Mexico  is  equipped  with 
two  main  turbine-generator  units,  each  gener- 
ator designed  to  develop  10,500  kw.  at  78  per 
cent  power-factor,  and  13,500  kv-a.  at  full 
speed  of  the  ship,  and  to  carry  a  25  per  cent 
overload  (16,850  kv-a.  at  78  per  cent  power- 
factor)  for  four  hours.  The  rotors  have  two 
poles  and  a  maximum  rotative  speed  of  2100 
r.p.m.  which  corresponds  to  a  frequency  of 
35  cycles.  The  stators  are  wound  two-phase 
with  leads  brought  out  from  the  beginnings 
and  endings  of  each  phase  to  an  S-pole, 
double-throw,  disconnecting  switch  placed  in 
the  main  circuit  between  the  generators  and 
the  motors.  By  manipulating  this  switch  two 
generator  connections.  Fig.  7,  are  available: 
first,  diametrical,  two-circuit,  low-voltage 
(3000  volts) :  and,  second,  square,  one-circuit, 
high-voltage  (4240  volts).  With  a  constant 
flux,  the  voltage  will  vary  directly  or 
inversely  as  the  v'"2  depending  on  the  con- 
nection involved.  Suitable  interlocks  have 
been  installed,  making  it  impossible  to 
operate  the  two  generators  in  parallel. 

All  speeds  of  the  ship  up  to  17  knots 
inclusive  are  obtained  by  the  use  of  one 
generator  having  the  low-voltage  connection, 
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I  111'  ni'iu'iator  I'uinishiiij,'  ijdwit  lor  driving 
I  111'  (our  niolors.  Al)o\'c  1 7  knots,  two  j^ciUTa- 
tors  lia\-inj^  llic  IukIi-voUuki."  connection  arc 
used,  each  Ki''i<-''"i*'^'"  ftn'nisliinjj  jjovver  tor 
i!ri\in,i;  two  iiiotors.  Tlic  generator  elliciency 
ruiAc.  lakcn  al  loads  and  S])eeds  correspond- 
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Fig.  8.     Efficiency  Curve  of  the  New  Mexico  Propulsion 
Generators 
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Fig.  9.      Curve  of  Rotor  Windage  Loss 

ing  to  10,  15,  19,  and  21  knots,  is  shown  in 
Fig.  8.  This  curve  shows  a  uniformly  good 
efficiency  throughout  a  wide  range  of  load. 
It  is  based  on  actual  running  conditions,  and  in- 
cludes the  windage  loss  of  the  rotor.  The  main 
turbine-generators  are  used  only  for  propelling 
the  ship,  and  are  in  no  way  connected  to  the 
lighting  or  other  auxiliary  power  circuits. 
Therefore,  it  is  possible  under  the  varying 
conditions  of  load  to  adjust  the  voltage  and 
current  to  obtain  good  efficiency. 

The    induction    motors,    direct-connected 
to  the  ship's  propeller  shafts,  are  two-speed 


niolors  with  connections  for  21  and  .'{(i  poles. 
Tiie  sijced  reduction  between  the  jjenerators 
and  the  motors  when  using  llie  lil-pole  motor 
connection  is  12  to  I,  and  with  the  ;j(i-polc 
connection,  IS  to  1.  Hence,  the  extreme 
range    of  generator  r.]).m.    for  the   specified 
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Fig.  10.     Characteristic  Curves  of  the  Turbine  Generators 
for  Propelling  the  U.S.S.  New  Mexico 

operating  speeds  of  the  ship,  10  to  21  knots,  is 
approximately  1440  r.p.m.  to  2100  r.p.m.  In 
order  to  calculate  the  generator  efficiency  with 
accuracy,  the  w-indage  loss  must  be  carefully 
determined  at  various  speeds,  for  this  is  the 
largest  single  loss.  Tests  were  made  at  the 
factory  to  determine  the  windage  of  the 
rotor  and  the  results  are  recorded  in  Fig.  9 
(the  friction  of  the  bearings  is  not  included). 
The  windage  loss  varies  approximately  as  the 
cube  of  the  speed. 

Generator  Characteristics 

The  Xew  Mexico  generators  are  con- 
servatively designed.  Compared  with  the 
maximum  rated  machines  for  land  practice, 
the  relative  armature  reaction  is  considerably 
lower  and  the  densities  in  the  magnetic  section 
are  slightly  higher.  The  characteristics  of 
these  generators  are  best  shown  by  the 
curves  in  Fig.  10,  which  are  based  on  data 
taken  from  a  four-hour  maximum-load  en- 
durance run.  As  indicated,  sufficient  excita- 
tion current  is  applied  to  the  generator  fields 
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to  insure  keeping  the 
motors  and  generators 
in  step.  In  other  words, 
the  generators  are  not 
working  at  the  peak  of 
the  kilowatt  curve,  but 
at  a  safe  distance  down 
where  there  is  sufficient 
margin  in  power  to  take 
care  of  the  rudder  swings 
and  heavy  seas.  Based 
on  the  maximum  power- 
factor  of  the  motors,  79 
per  cent,  the  generators 
have  a  margin  in  power 
of  24  per  cent  with  the 
excitation  given. 

An  interesting  test 
was  made  with  approxi- 
mately maximum  load 
and  speed  of  the  ship 
using  one  generator  to 
drive  four  motors .  With 
the  kilowatt  output  and 
speed  of  the  generator 
held  constant,  the  exci- 
tation current  was  grad- 
ually reduced  to  a  value 
at  which  the  motors  and 
generators  dropped  out 
of  step.  The  sea  was 
smooth  and  the  rudder 
held  amidship.  In  Fig. 
12,  two  curves  of  this 
condition  are  given,  one 
from  observed  readings 
and  the  other  from  calcu- 
lated values.  The  point 
at  which  the  motors  and 
generators  dropped  out 
of  step  is  clearly  shown. 
This  unstable  condition 
corresponds  to  operation 
at  the  peak  of  a  kilo- 
watt-line-current curve. 
In  other  words,  the  gen- 
erators with  the  exci- 
tation ,  reduced  to  the 
breaking-out  point,  have 
no  margin  in  power, 
and  the  excitation  must 
be  increased  to  insure 
stable  operation  on  ac- 
count of  rudder  swings 
and  rough  seas. 

Over  Excitation 

Another  very  impor- 
tant feature  in  regard  to 
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llu'  ^;cnfralui-  dcsiiMi,  is  llu-  rdiulil  imi  nl'  ii\ci 
fxrilaliiMi  n-cniiii'il  Im-  slarlinn  ami  rcvcrsiii)', 
t!u'  nmlnrs.  Thr  1  iirliinf-);ciuTaliirs  lia\c  a 
lixrii  nuHhaniia!  niUilioii,  bill  tlii'  iiuitnrs 
nia.\'  i>c'  run  in  a  I'loi'kwisc  or  t'ounlor-i'lnckwisi' 
(lin.'1'tion  1>\-  chauKinj;  \\w  jiliasi'  rotation  !)>• 
siiilai)k'S\vilchinK-  A  very  iniporlanl  iVaturi- 
inluTcnl  with  electrical  ])roi)ulsion  is  llial  full 
power  is  always  available  for  either  dircelion 
of  i)ro])ellcr  rotation.  Fron\  actual  reversal 
tests,  at  maximum  sjjeeil  of  tlie  ship,  the 
observed  excess  excitation  current  required 
for  reversal  was  ajjproximately  (iO  jier  cent 
above  that  for  the  steady  rtmnin};  condition. 
The  line  current  increased  to  approximately 
three  times  the  steady  running  value.  That 
these  hi^h  values  of  current  arc  not  injurious 
to  the  j^enerator  is  due  to  the  extremeh-  short 
lime  required  for  reversal  and  the  lar{:;e 
heat  storage  capacity  of  the  generator.  The 
observed  time  for  reversal  from  maximum 
speed  ahead  to  full  reversing  speed  astern, 
with  the  motors  in  the  3()-pole  or  low-speed 
connection,  was  approximately  20  seconds. 
To  pull  the  motors  into  step  in  the  reversed 
direction  of  rotation  required  holding  the 
over  excitation  on  the  generator  fields 
approximately  eight  seconds,  the  balance  of 
reversal  time  being  consumed  in  the  release  of 
the  interlocks  and  in  the  switching  operation. 
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Fig.  12.     Two  Excitation  Curves  of  the  New  Mexico 

Motors,  made  with  the  generator  speed  and 

kilowatt  output  constant,  to  show  the 

dropping-out-of-step   point  of 

the  motors  with  decreased 

excitation  current 


Temperatures 

An  evidence  of  the  conservative  design  of 
the  generators  is  the  recorded  temperature 
rise  during  the  maximum-load  endurance  run, 
the  power  developed  being  31,000  h.p.  and 
the    speed    of    the    ship    21.:i    knots.     The 


niaxinuim  temperature  rise  on  the  armature 
windings  as  measured  by  temjierature  coils 
was  .'{'.I  (leg.  C.  'i'lie  temiH-ralure  coil.s  were 
located  between  the  upjier  and  lower  layers 
of  the  windings  in  the  slot  at  the  center  of 
the  core  and  recorded  the  ajjproximate  hot- 


Fig.  13.     The  ScctL.Ti..h,-.  1  I  l„;im  Frame  of  One  of 

California  Gencralurs  uii  ciul  for  the  purpose 

of  assembling  the  core  laminations 

spot  temperatures.  The  rotor  or  field  tem- 
peratures as  indicated  by  rise  in  resistance  of 
the  field  winding  indicate  a  safe  working 
margin  on  the  guaranteed  actual  temperature 
of  1.50  deg.  C,  allowing  for  the  temperature 
of  the  air  entering  the  generator  to  be  as  high 
as  45  deg.  C. 

Mechanical  Design 

The  mechanical  design  of  the  generator  is 
similar  to  that  of  other  machines  developed 
for  central  power  stations.  In  fact,  this  type 
of  machine  has  been  manufactured  in  such 
numbers  of  varying  frequencies  and  capacities 
that  it  is  possible  with  slight  changes  to  use 
standard  designs.  Fig.  1 1  shows  a  longitu- 
dinal cross-section  of  one  of  the  two  generators 
for  the  Xew  Mexico. 

One  feature  that  differs  from  land  practice 
is  the  omission  of  the  turbine  and  generator 
base  castings.  The  turbine  casing,  generator 
stator  frame,  and  bearing  standards  are 
bolted  directly  to  a  stiff  structural  steel 
foundation  which  is  securely  tied  in  with  the 
ship's  structure. 

Stator 

The  stator  or  armature  is  of  a  compact 
design.  The  stator  frame  is  of  the  sectional- 
ized   I-beam  type  which  consists  of  several 
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Fig.  14.      Moulding  the  Turbine-gcner:it"i   St.iicii   C.i! 
before  applying  the  external  insulatior 

circular  I-section  castings,  properly  spaced 
and  held  together  at  their  outer  periphery  by 
boiler  plates,  these  plates  being  hot  riveted 
to  the  I-section  castings.  The  I-section 
castings  after  being  properly  spaced  and 
supported  are  carefully  bored  out  at  their 
inner  periphery  for  the  attachment  of  rec- 
tangular steel  bars,  these  bars  forming  the 
dovetail  ribs  for  assembhng  the  stator  core 
punchings.  The  advantage  of  this  frame 
over  the  solid  cast  type  is  the  great  saving  in 
weight,  being  approximately  one  half  as 
heavy.  Other  advantages  are:  the  elimina- 
tion of  dangerous  shrinkage  strains  always 
present  in  the  solid  cast  frames,  the  simplified 
patterns  and  castings,  and  the  general 
adaptability  for  shortening  or  lengthening  and 
respacing  of  dovetail  ribs  to  suit  the  various 
punching  segm.ents.  The  armature  core  or 
magnetic  section  is  composed  of  thin  lamina- 
tions, each  one  being  insulated  with  enamel. 
Special  silicon  steel  is  used  to  insure  low  losses. 
The  punching  segments  and  the  dovetailing 
to  the  stator  frame  ribs  are  so  designed  that 
even  w  ith-  the  great  radial  depth  necessary  for 
2-pole  turbine-generators,  the  laminations 
lie  flat.  The  stator  frame  of  one  of  the 
California  generators,  placed  in  a  vertical 
position  with  its  core  partially  assembled,  is 
shown  in  Fig.  13.  With  the  final  pressure 
applied  and  the  clamping  flange  assembled,  a 
uniformly  tight  core  is  obtained,  one  that  will 
stay  so  indefinitely. 

Straight   steel   strips   having   an   I-section 
were  spot-welded  to  the  punching  segments 


and  form  the  air  ducts  in 
the  stator  core.  These 
strips  or  space  blocks  are 
so  arranged  that  the  air 
flows  radially  through  the 
core.  A  liberal  number  of 
ducts  are  used  to  insure  a 
plentiful  supply  of  air  and 
to  expose  the  maximum 
amount  of  surface  to  the 
air. 

The  stator  coils  are 
of  the  conventional  bar- 
rel type,  two  coils  in 
each  slot.  The  conductors 
consist  of  insulated  rec- 
tangular wire  which  was 
formed  into  the  proper 
shape  in  a  bending  form. 
Before  the  application  of 
external  insulation,  the  con- 
ductors were  moulded  in  a 
steam  mould  as  shown  in 


Fig.  15.      After  the  Coils  were  Moulded  as  in  Fig.  14.  they  we 

placed  in  this  tank  where  all  trace  of  moisture  was  removed 

from  them  and  they  were  then  impregnated  with  an 

insulating  compound 
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I'ij;.  II.  I'nllowinK  this  trcalincnt  Ihcy  wen- 
|)lari'(l  ill  a  tank  and  suhjocU'd  to  vacuum  to 
rcniovi'  llu-  nioistuii',  anil  Ihcn  as  shown  in 
I'^i^;.  l.'>  a  i'i)niiH)un{i  was  forci-d  into  the  coil 
uikUt  pressure  to  LMilirely  (ill  the  si)at'cs 
between  the  reetan^ular  wires.     I'^xlernal  in- 


hy  actual  short-circuit  tests  aiul  accidental 
short-circuits  in  such  macliincs  under  com- 
mercial loa<l.  Careful  insjiection  failed  to 
reveal  any  movement  of  the  coils.  Fi^.  l^i  is 
a  view  of  the  slator  with  its  windin>;s  com- 
|)letely  assembled. 


C^ 


^. 


Fig.  16.     One  of  the  Completed  Turbine-generotor  Stator  Coils 

sulation  was  afterward  ap])lied,  consisting  of 
mica  tape  which  extends  uniformly  over  the 
whole  coil.  The  mouldinj^  and  fillin}:;  operations 
were  aj^ain  rejieated.  Recoj^nizinj;  the  severe 
conditions  thai  would  be  im])osed  on  the 
insulation  by  the  salt-laden  ventilatinj^  air, 
water  proofing  insulation  treatments  were 
ap])lied  to  the  coils,  special  attention  being 
directed  to  the  connections  and  to  the 
portions  of  the  coils  beyond  the  stator  core. 
By  heat  treatment,  the  insulation  of  the  coils  is 
prevented  from  loosening  under  the  most 
severe  operating  conditions.  Fig.  16  shows 
a  completed  coil.  These  coils  after  being 
heated  by  current  were  assembled  in  the 
stator  core  in  the  manner  shown  in  Fig.  17. 


Fig    18.     The  Completed  Stator  of  one  of  the 
Maryland  Propulsion  Generators 

To  prevent  distortion  of  the  ends  of  the 
coils  under  short-circuit  strains,  they  w-ere 
securely  laced  to  insulated  binding  bands. 
Blocks  properly  spaced  were  placed  between 
the  adjacent  coils.  The  efTectiveness  of  this 
structure  has  been  demonstrated  manv  times 


Fig.  17.     Assembling  the  Stator  Coils  in  the  Turbine-generator 
of  the  Electrically  Propelled  Battleship  Maryland 


Rotor  or  Field 

The  electrical  and  mechanical  limits  of  tur- 
bine-generators are  encountered  in  the  design 
of  the  rotor  or  field.  The  electrical  limits  are 
confined  to  the  heating  of  the  field  windingsand 
the  m.echanical  limits  to  the  centrifugal  strains 
and  to  the  critical  speed.  The  rotating 
elements  of  the  turbine  and  the  generator  are 
supported  b\-  four  bearings  and  are  coupled 
together  by  a  flexible  jaw  type  coupling. 
This  coupling  is  placed  between  the  adjacent 
turbine  and  generator  bearings  and  with 
them  is  contained  within  a  com_mon  housing. 

Radial  slots  for  the  rotor  windings  were 
machined  in  the  solid  forging  in  the  manner 
shown  in  Fig.  19.  The  rotor  coils  are  made  of 
rectangular  copper  strip  wound  on  edge  by  a 
machine.  Fig.  21.  which  forms  the  comers  of 
the  coils  and  varies  the  span  of  each  turn 
the  correct  amount.  Before  assembling  the 
coils  they  were  annealed  and  the  turns 
insulated  with  mica  tape.  The  coils  were 
assembled  in  the  slots  one  turn  at  a  time. 
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The  slot  insulation  consists  of  mica  and 
asbestos  sheets  placed  between  horn  fibre  for 
mechanical  protection  in  assembling  the  turns. 
This  insulation  is  a  continuous  sheet  and  ex- 
tends the  entire  length  of  the  slots .  After  assem- 
bling, the  coils  were  heated  by  electric  current, 
cemented,  and  pressed  into  their  proper  posi- 
tion, Fig.  20,  under  a  pressure  exceeding  that 
to  which  they  are  subjected  in  operation. 

The  portion  of  the  coils  outside  the  rotor 
body  is  insulated  with  mica  tape.  Over  the 
mica  tape  is  a  layer  of  asbestos  tape  which 
serves  as  a  mechanical  support  and  protection 
to  the  mica.  In  the  slots  the  insulation  was 
lapped  over  the  coils,  cemented,  the  necessary 
filling  strip  inserted,  and  steel  wedges  driven 
in  to  retain  the  coils  in  the  slots.  The  end 
coils  are  carefully  supported  by  moisture- 
proof  blocks  to  prevent  any  movement.  To 
protect  the  ends  of  the  coils  from  moisture, 
several  layers  of  insulating  varnish  were  applied 
and  each  layer  baked  until  dry. 

To  support  the  ends  of  the  coils  against 
centrifugal  force,  forged-nickel-steel  binding- 


rings  were  shrunk  on  over  them.  One  end  of 
the  ring  is  supported  on  lugs  integral  with  the 
rotor  body,  the  other  end  on  a  centering 
spider  whose  inner  circumference  rests  on  the 
shaft.  Thus  the  shrinkage  stress  is  taken  by 
steel  members  and  not  by  the  insulation.  A 
completed  rotor  for  the  Maryland  is  illustrated 
in  Fig.  22. 

Collector  Rings 

The  collector  rings  are  placed  outside  the 
collector-end  bearing  and  are  encased  in  a 
neat  ventilated  cover.  This  cover  may  be 
opened,  similar  to  the  hood  on  an  automobile, 
to  expose  the  brushes  and  brush  holders  for 
any  necessary  adjustment.  The  collector 
rings  are  special  heat-treated  steel  forgings 
and  were  shrunk  on  over  hard  mica  bushings 
to  the  cylindrical  collector  shell,  this  shell 
being  pressed  on  and  keyed  to  the  end  of  the 
main  shaft  forging.  Soft  graphite  brushes 
are  used  and  spaced  so  that  the  entire  width 
of  collector  ring  has  brush  contact.  A  helical 
spring  is  placed  directly  over  the  center  of  the 


Fig.  19.      Machining  the  Field  Winding  Slots  in  the  Solid  Forged  Rotor  of  a  Turbine  Generator 
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hnisli    ami     li>-    adiusliiiK     lliis    spring;  any 
(li;siivil    liiusli    invssuiv    may    Ik'    oljlaincil 

'riio    parts    i)t'rUiiiiinK    to    llu'    suii|)iirt  and 

ronlrol  of  tho  brush  iiivssurc  arc  liKlit  and 

cxiri-nic'ly    (|nirl<    in    aclinn,    and    when  llu 

brush     iircssuri'     is     iiropniy     adinsU'd  a! 
S|>arkin!;;  hi'lwrrn   t  lie  inl- 
k'l'lor  rin^s  and  llu'  linishrs 
is  t'liininatod. 

Vintilution 

In  the  early  lurbiiu'- 
j^cnorators,  forced  ventila- 
tion was  not  requireil,  as 
the  coolinj:;  of  the  machine 
was  elTccted  by  the  natural 
winda}:;c  of  the  rotor.  With 
the  later  hiijh-speed  tur- 
bine-,i:;enerators,  a  system 
of  fi)rced  ventilation  is 
absolutely  essential  since 
the  natural  windage  of 
the  solid  forged  cylindrical 
rotor  is  negligible.  The  vol  v^k- ^u.    . 

ume  of  air  recjuired  is  vari- 
able with  different  design 
factors,  but,  in  general,  it  depends  on  the  losses 
in  the  machine.     The  proper  volume  of  air  per 
kilowatt  lost  has  been  carefully  determined 
from  experimental  data  and  from  experience 


CiiHul  venliialion  entails  no  sjiecial  difrKullies 
provided  it  receives  primary  consideraliim  in 
ihe  general  scheme  of  in.stallation. 

The  New  Mexico  turbine-generators  are 
\enlilated  by  two  duplicate  and  sejiarate 
ventilating   systems,   one   for  the  starboard 


ig  the  Field  Coils  in  the  Turbi 
Slots  Under  Heavy  Pressure 


■generator  Rotor 


Fig.  21.     Special  Machine  Winding  Edgewise  the  Strip-copper  Field  Coils 


gained  from  a  large  number  of  machines  of 
various  capacities  in  service.  The  proper 
ventilation  of  a  turbine-generator  is  absolutely 
vital  to  its  successful  operation.  SufScient 
cool,  clean  air  m.ust  be  delivered  to  the 
machine   in   ducts    of    minimum   restriction. 


generator  and  the  other  for  the  port.  The 
air  is  taken  from  out-of-doors  through  ducts 
placed  just  back  of  the  upper  superstructure 
on  the  starboard  and  port  sides.  The  open- 
ings in  these  ducts  face  aft 
and  are  approximately  10  feet 
above  the  main  deck  floor 
and  are  designed  to  prevent 
the  entrance  of  rain.  Auxil- 
iary- blowers  of  ample  capacity 
draw  in  the  air  through  these 
openings  and  force  it  down  to 
the  bottom  of  the  ship  into 
chambers  directly  under  the 
generators.  These  chambers 
and  the  air  connections  to 
them  are  made  water  tight 
and  the  danger  of  bilge  drain- 
age entering  with  the  air  into 
the  generator  windings  is 
practically  eliminated.  Fans 
mounted  on  each  end  of  the 
generator  rotor  take  the  air 
from  these  chambers  and  force 
it  axially  through  the  air- 
gap.  The  air  then  passes 
radially  through  the  several 
air  ducts  in  the  stator  core,  thence  circulates 
around  the  outer  periphery  of  the  stator 
punchings  in  the  spaces  formed  by  the 
I-sections  of  the  stator  frame.  An  exit  duct 
of  liberal  area  is  connected  to  the  top  of  the 
stator    frame   and   the   heated   air   is   taken 
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away  through  this  duct,  which  passes  through 
the  several  decks  and  exhausts  out-of-doors. 
The  pressure-volume  curve,  Fig.  23,  repre- 
sents actual  factory  test  values  of  the  per- 
formance of  the  fans  mounted  at  each  end  of 
the  rotor,  the  air  being  taken  directly  under 


and  air  outlet  should  be  closed  and  live 
steam  turned  into  the  heating  coils  which  are 
located  within  the  inner  shields  at  the  collector 
and  turbine  ends  of  the  stator.'  This  will 
heat  the  internal  parts  of  the  generator  several 
degrees  higher  than  the  room  temperature  and 


Fig.  22.     The  Completed  Rotor  of  One  of  the  Maryland  Generators 


the  stator  frame  and  exhausted  through  a  long 
circular  pipe  attached  to  the  top  of  the  stator 
frame.  The  volume  of  air  varies  directly  with 
the  speed,  the  pressure  as  the  square  of  the 
speed.  The  volume  of  air  under  actual 
operating  conditions  is  approximately  10 
per  cent  higher  than  was  obtained  in  the  test, 
due  to  the  throttling  at  the  entrance  of  the 
measuring  pipe. 

Care  of  Generator 

It  is  very  important  that  the  generator  be 
kept  clean.  Oil  should  not  be  allowed  to 
collect  and  enter  the  generator  with  the  air 
and  deposit  on  the  windings.  It  is  essential 
that  the  air  ducts  in  the  stator  core  and 
ventilating  holes  in  the  rotor  retaining  rings 
be  kept  free  from  dirt  as  any  restriction  in 
these  passages  will  seriously  interfere  with 
the  flow  of  air  which  is  necessary  to  prevent 
excessive  temperatures.  Dirt,  aside  from 
restricting  the  flow  of  air,  is  a  heat  insulator. 
Compressed  air  will  be  found  particularly 
convenient  for  removing  dust  from  the  various 
air  passages.  Some  kind  of  swab  may  be  tised 
to  advantage  to  clean  out  the  air  ducts, 
which  should  be  done  at  regular  convenient 
intervals.  Every  year  or  so  it  would  be 
well  to  clean  the  end  windings  thoroughly 
and  to  supply  a  coat  of  insulating  varnish. 
This  varnish  may  be  sprayed  on  by  using 
compressed  air  in  connection  with  an  atomizer. 
When  the  generators  are  shut  down  for  any 
length  of  time,  the  dampers  at  the  air  inlet 


prevent  the  accumulation  of  moisture  in  the 
windings  and  interior  parts. 

Conclusion 

Recognizing  the  importance  of  this  installa- 
tion from  both  the  builder's  and  purchaser's 
view  point.  Secretary  Daniels  arranged  for  the 
presence  of  the  interested  designing  engineers 
to  witness  the  trial  tests.  All  were  deeply 
impressed  with  the  intelligent  and  efficient 
manner    in    which    the    various    tests    were 


Fig.  23.      Curves  of  Volume  and  Pressure  of  Ventilating  Air 
Developed  by  the  Fans  on  the  Ends  of  the  New  Mexico 
Generator  Rotors 


planned  and  conducted.  Naval  experts  and 
visiting  engineers  were  enthusiastic  over  the 
ease  with  which  the  maximum  load  and  revers- 
ing tests  were  carried  out,  both  in  regard  to 
the  operation  of  the  propelhng  equipment  and 
its  control  by  the  operators. 


The  New  Mexico's  Motors 


2:)-> 


The  Xcw  Mexico,  a  .■52,000-lon  shij;  now 
regarded  as  the  most  powerful  battleship 
afloat,  was  selected  to  be  the  first  of  the  elec- 
tric-driven fighters.  For  this  application  the 
highest  ])ossible  economy  was  desired  at  the 
two  most  important  speeds,  viz.;  high  speed 
\^ilh   full    power  at   21    knots,   and   medium 


Hy  A.  I).  nAiH;i.i;v 

INIU'ITKIN    MllKlR   Ii;N(iINi:KHISG    I  )i;i'A  K1  MFNT,  GeNF.RAI.   Ei.KCTKIC   CoMI'ANV 

Wliili-  till'  turliiiu'  nftioralors  of  tin-  \fw  Mfxiio  fiiuipim-nt  arc  similar  in  most  rcspccls  to  modern  lurijuns 
lor  land  installations,  tlu-  propulsion  motors  are  decidedly  sjH'cial  and  involve  a  number  of  features  that  are 
peculiar  and  original.  They  represent  the  lirst  instance  in  which  a  single  winding  has  been  use<I  to  give  variable 
noles  with  a  ratio  other  than  l!:l;  while  the  scvci;e  duty  imposed  u|)on  the  motor  in  reversing  was  resijonsilbe 
lor  the  adoption  of  a  double  sipiirrel-cage  winding  on  the  rotor — a  high  resistance  winding  to  provide  high 
starting  torque  and  a  low  resistance  winding  for  carrying  the  rotor  currents  at  normal  speeds.  The  motors  are 
cooled  by  forced  draft  and  it  was  therefore  possible  to  make  them  smaller  than  the  average  motor  of  equivalent 
capacity.  Another  noticeable  variation  froni  usual  practice  is  the  reduced  ratio  of  rotor  diameter  to  length. 
These  and  other  interesting  features  of  the  New  A/cviVo  motors  are  illustrated  in  this  article. — Editor. 

For  a  number  of  years  the  application  of 
electric  drive  to  large  ships  has  been  .seriously 
con.sidered    by    many    electrical    engineers. 
Boats  of  small   jjower   had   been   driven   hy 
ilirect-current   motors;   but   for   large   power 
installations  the  induction   motor,   receiving 
its  supply  from  a  high-speed  turbine-generator 
where  a  maximum  efficiency 
with  minimum  weight  and  size 
could    be    obtained,    seemed 
very  attractive. 

As  a  result  of  this  study, 
the  United  States  Navy 
Department  became  inter- 
ested and  decided  to  equip  a 
collier  with  electric  drive  and 
give  it  a  thorough  trial.  As 
the  requirement  was  for  a 
single  speed,  a  simple  induc- 
tion motor  of  the  familiar  land 
type  with  polar- woundsecond- 
ary  and  slip-rings  was  used 
so  that  a  resistance  could  be 
inserted  in  the  rotor  circuit 
for  starting  and  reversing. 

Two  of  these  motors  were 
built  during  191 1-12  for  direct 
connection  to  the  propeller 
shafts  of  the  collier  Jupiter,  a 
twin-screw  boat  of  20,(JU() 
tons  displacement  ha\-ing  a 
speed  of  14.5  knots.  This 
equipment  gave  greater  effi- 
ciency than  previous  types 
and  operated  with  entire 
satisfaction.  After  an  ex- 
haustive trial  during  which 
the  ease  of  operation  and 
improved  maneuvering  quali- 
ties of  this  boat  became  verv 
apparent,  the  decision  was 
made  to  obtain  the  advantages  of  electric 
drive  for  battleships  in  the  United  States 
Xavy. 


Fig.  1.      Ma^i.^* 


-propulsion  Induction-motor  Stator  Completely  Wound 
Its  rotor  is  shown  ia  Fig.  2 

speed  at  lo  knots  where  the  maximimi  cruising 
radius  without  re-fueling  is  of  the  greatest 
importance.     With    these    requirements,    it 
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was  evident  that  for  the  most  economical 
operation  a  changeable-pole  motor  giving  a 
speed  ratio  of  2:3  was  desirable  on  each  shaft, 


^^*»s«aKcl 


Fig.  2.      Double-squirrel-cage  Induction-motor  Rotor.      The 
length  of  this  rotor  is  2:1;  whereas  in  the  land  type 
it  would  be  about  4,14:1 

the  four  motors  at  full  speed  taking  power 
from  two  generators,  and  when  cruising  from 
one  generator.  By  changing  the  poles  on  the 
motor,  the  proper  speeds  of  the  screw  are 
obtained  with  a  maximum  speed  of  the 
generator  thus  giving  low  steam  consumption 
on  the  turbine  in  both  cases 

Previous  to  the  time  of  designing  the 
motors  for  the  New  Mexico,  a  2:1  speed 
ratio  had  been  extensively  used  with  single 
windings  in  stator  and  rotor.  All  other 
ratios  of  speed  had  been  secured  by  using  two 
windings  in  the  stator,  one  for  each  speed, 
rather  than  a  single  winding  with  a  large 
number  of  stator  leads,  which  would  cause 
too  great  a  compHcation  of  the  control.  The 
double  winding  has  the  disadvantage  of 
requiring  a  larger  motor,  as  only  half  of  the 
copper  is  in  active  use  at  either  speed. 


Since  the  motors  and  generators  of  the 
New  Mexico  were  to  be  especially  built  to 
operate  together,  more  liberty  in  design  was 
allowed.  A  new  'type  of 
winding  was  designed,  the 
coils  of  which  were  so 
grouped  that  a  change  in 
the  connection  at  the 
motor  terminals  would  give 
a  balanced  quarter-phase 
distribution  for  either  24 
or  36  poles.  This  gives  a 
simpler  control  than  if  the 
motor  were  wound  three- 
phase.  In  addition,  since 
the  four  motors  receive 
power  from  two  generators 
at  full  speed,  and  one 
generator  at  cruising  speed, 
the  best  combined  opera- 
tion is  obtained  with  a 
decreased  voltage  on  the 
36-pole  combination.  This 
also  works  out  best  for  a 
quarter-phase  winding :  by 
connecting  the  generators 
in  square  connection  for 
high  speed  and  parallel 
connection  for  low  speed, 
the  correct  ratio  of  operat- 
ing voltage  is  obtained. 
By  this  scheme  of  connec- 
tion eight  terminals  were 
brought  out  of  the  motor, 
though  only  four-line  leads 
were  required. 

The  torque  requirements 
derived  from  actual  experi- 
ments on  the  Jupiter,  sup- 
plemented by  tank  trials,  showed  that  a  resist- 
ance inserted  in  the  rotor  winding  would  be 
required  only  for  a  few  seconds  at  a  time, 
that  is,  during  starting  or  upon  reversal  in 
order  to  obtain  quick  possession  of  the  screw 
and  bring  it  up  to  speed.  With  this  in  mind, 
a  double-squirrel-cage  type  of  motor  was 
adopted  thus  eliminating  the  rheostat.  The 
outer  high-resistance,  low-reactance  winding 
takes  the  place  of  the  rheostat  when  starting 
and  reversing.  The  inner  low-resistance, 
higher-reactance  winding  is  the  running 
winding  when  the  motor  is  up  to  speed. 
The  inductive  action  between  these  two  cages 
is  such  that  when  the  frequency  in  the  rotor  is 
high,  as  at  starting  or  reversing,  the  current 
is  choked  back  in  the  low-resistance  winding 
thus  forcing  a  large  percentage  of  the  current 
through   the   high-resistance   and   producing 


ratio  of  diameter  to 
of  machine 


Till'    Ni;\V   Nfl'XICD'S  MU'I'OKS 


Fig.  3.     Laminations  Assembled  and  Clamped  in  the  Xnductio 

Motor  Stator  Frame  ready  for  the  insertion 

of  the  winding 


A  Portion  of  the  Stator.  such  as  shown  in  Fig.  3, 
■  the  winding  coils  have  been  inserted  and  their 

ends  laced  to  the  insulated  steel  ring 


5.      Induction  Motor  Rotor  with  two  sets 

binding  slots  ready  for  the  insertion  of  the 

bars  of  the  double-squirrel-cage 

winding 


Fig.  6.      A  Portion  of  the  Rotor,  such  as  shown  in  Fig.  5,  after 

the  double-squirrel-cage  winding  has  been  inserted. 

Laminated  copper  expansion  joints  are  shown 

in  the  outer  cage  end-ring 
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adequate  torque.  As  the  motor  speeds  up, 
the  rotor  frequency  drops  off  and  the  inductive 
effect  on  the  inner  winding  decreases,  allowing 
the  current  to  increase  with  a  corresponding 
decrease  in  the  outer  winding  until  at  slip 
frequency  practically  all  of  the  current  passes 
through'  the  low-resistance 
cage.  By  this  construction, 
the  torque  advantage  of  a 
high-resistance  rotor  is  ob- 
tained with  the  low  slip  and 
high  efficiency  of  the  low- 
resistance  type  of  rotor  when 
at  full  speed.  '  The  winding 
diagram  and  torque  charac- 
teristics of  these  motors 
appear  elsewhere  in  this 
magazine.* 

The  design  of  motors  for 
use  on  shipboard  differs 
very  materially  from  that  of 
ordinary  commercial  motors. 
For  the  latter,  the  question 
of  size  and  weight  is  of  minor 
consideration  while  for  ships 
it  is  a  vital  one.  On  land,  a 
motor  is  usually  operated 
from  a  transmission  system 
having  a  fixed  source  of 
supply  and  the  power-factor 
of  the  motor  is  of  great 
importance.  A  low-power 
factor  load  requires  a  larger 
percentage  of  the  generator 
and  line  capacity  than  does 
a  high  one.  The  best  design 
for  the  commercial  motor  of 
high  power-factor  usually 
requires  a  machine  with  as 
large  a  ratio  of  diameter  to 
length  as  possible,  without 
undue  sacrifice  in  cost  and 
efficiency. 

For  marine  work  this  standard  of  design 
can  be  greatly  modified.  First:  the  power 
demanded  from  the  motors  can  be  very 
accurately  determined  and,  except  for  a  slight 
variation  due  to  the  depth  of  the  propellors, 
roughness  of  the  sea,  and  steering,  it  is 
constant  for  any  given  speed. 

Second:  the  motors  are  supplied  with  ex- 
ternal ventilation  instead  of  being  self  ventil- 
ated and  the  amount  of  air  forced  through  the 
motors  for  cooling  can  be  varied  with  the  load 
if  so  desired.  These  conditions  taken  together 
allow  of  a  much  smaller  motor  being  used. 


As  the  motors  and  generators  are  close 
together,  the  effect  of  the  motor  charac- 
teristics on  the  transmission  system  can  be 
ignored  and  they  can  be  designed  directly 
for  each  other  with  special  attention  to  the 
combined   characteristics   of   the   units.     To 


eral  Characteristics  of  Electric  Ship  Propulsion  Equ 
by  E.  F.  W.  Alexanderson,  page  224,  this  issue. 


A  Factory  View  of  one  of  the  Propulsion  Motors  for  the  Battleship  California. 
Similar  motors  are  being  built  for  the  Maryland  and  West  Virginia 


further  reduce  the  size  and  weight  of  the 
equipment ,  the  comparatively  low-speed 
motor  should  be  smaller  in  diameter  and 
longer  than  is  usual,  and  the  resulting 
lower  power-factor  should  be  takea  care 
of  by  increasing  the  size  of  the  high-speed 
generator  because  of  greater  excitation 
necessary. 

The  motor  with  a  smaller  ratio  of  diameter 
to  length  also  gives  greater  efficiency  due  to 
the  decrease  in  the  fixed  rotation  losses  and 
a  greater  percentage  of  active  copper  in  the 
slots  compared  to  the  inactive  copper  in  the 
end  connections.  Figs.  1  and  2  show  the 
small    diameter    and   great    length    of   those 


Ill':  \\:w  Mi:\i(()S  mutoks 
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Fig.  8.     Another  View  of  one  of  the  CalifoTnia  Motors.     This  motor  is  similar 
appearance  to  those  of  the  New  Mexico,  except  that  the  frame  of  the  latter 
is  somewhat  longer  and  the  contactor  on  the  end  shield  is  not  used 


minimum  of  weight  with  ample  strength  was 
obtained  by  the  use  of  steel  throughout  for 
the  mechanical  structure.  The  stator  frame 
was  m.ade  up  of  a  series  of  circular  rings  of 
I-beam  section  ,.with  dovetail  ribs  attached. 
Each  ring  is  of  sufficient  strength  to  support 
its  section  of  punchings,  and  is  held  in 
position  by  being  riveted  to  rigid  steel  feet. 
Boiler  plate  extending  the  full  length  of  the 
frame  was  rolled  to  fit  the  I-beams  and  was 
securely  riveted  to  them,  making  a  very 
rigid  and  compact  structure.  By  increasing 
the  number  of  circular  sections  any  length  of 


frame  desired  can   l>u   made   up.     Holes  for 

\  iMtilalioii    purposes    were    cut    in    the    lop 

lif  of  llie  frame  through  the  holier  plate.     In 

iliis  frame-work,   liie  stator  punchings  SNere 

asseml)led  on  d(jvetail  ribs  and  damped  with 

steel  linger  flanges  held  in  jilace  by  l»olis  and 

studs.     See   I'igs.    .'J  and    l. 

The  rotor  sjnder  was  made 

in    two    sections    along    the 

shaft  tf)  obtain  a  better  flow 

of  metal  in  casting  than  is 

l)ossible  with  a  single  section. 

Dovetails    were   cut    in    the 

spider    riiis    on     which     the 

rotor   core   was  assembled, 

and  further  secured  by  steel 

pins  driven  through  reamed 

lioles  in  the  jjunchings  just 

over      the     dovetails,     and 

clamped  between  rings  held 

in    place    by   studs   passing 

through    the  rotor  between 

the  dovetail  ribs  and   back 

of  the  rotor  punchings. 

The  stator  winding  was 
made  of  form-wound  coils 
of  rectangular  wire  carefully 
moulded  and  insulated  prin- 
cipally with  mica  and  with 
a  special  \arnish  treatment 
to  prevent  damage  due  to 
moisture  or  salt  accumula- 
tion on  the  windings.  This 
insulation  is  capable  of  with- 
standing a  higher  temper- 
ature in  the  core  than  is 
usual  for  induction  motors. 
After  insulation,  the  coils 
were  assembled  in  open  slots 
and  held  with  wedges  in  the 
usual  manner.  The  coil 
ends  were  laced  tightly  to  an 
insulated  steel  ring,  holding 
them  rigidly  in  position  as 
shown  in  Fig.  4. 
The  double-squirrel-cage  secondary  wind- 
ing. Fig.  6,  consists  of  two  entirely  separate 
cages,  the  bars  in  both  cases  being  driven  into 
close  fitting  slots  without  insulation  to  allow 
the  heat  generated  in  these  windings  to  flow- 
freely  by  conduction  into  the  rotor  iron. 

The  outer  cage  is  of  high-resistance  metal 
short  circuited  by  copper  end-rings  into 
which  the  bars  are  brazed.  This  ring  also  is 
in  intimate  contact  with  the  rotor  punchings. 
Thus,  during  reversal  when  the  greatest 
amount  of  heat  is  generated  in  this  winding, 
the  heat  storage  of  the  rotor  iron  is  taken 
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advantage  of  and  the  temperature  of  the  bars 
kept  down  to  a  very  conservative  value. 

The  end-ring  is  of  special  design  made  up 
of  short  sections  connected  together  by 
expansion  joints  of  laminated  copper,  thus 
allowing  expansion  due  to  heating  to  be 
taken  up  between  sections  around  th-e 
periphery  and  Hmiting  the  possible  bending 
effect  on  the  bars  to  a  few  mils  instead  of  the 
comparatively  large  value  which  would  exist 
if  the  ring  were  made  solid  and  the  diameter 
allowed  to  change. 

The  inner  cage  is  of  copper  electrically 
welded  to  a  copper  short-circuiting  ring  made 
of  a  single  piece  of  bar  copper  rolled  in  circular 
form  to  accurate  size  and  the  two  ends  welded 
together.  It  was  not  necessary  to  break  up 
this  ring,  as  the  inner  winding  was  designed 
to  remain  cool  under  all  conditions  of  run- 
ning, the  double-squirrel-cage  design  allow- 
ing full  current  in  this  winding  only  at 
normal  speeds. 

The  bearings  are  of  the  ball-seated  type 
supphed  with  oil  from  the  ship's  pressure 
system  and  are  held  in  position  by  steel  end- 
shields  bolted  to  the  stator  frame.  The 
bearing  housings  with  the  bearings  are 
adjustable  for  centering  the  rotor  in  the 
stator  frame  so  as  to  obtain  a  uniform  air  gap. 

Over  the  top  half  of  the  motor  frame  is 
fastened  a  hood  connected  to  the  ventilating 
ducts.  Two  fans  driven  by  direct-current 
motors  and  mounted  in  the  hood  draw  air 
from  the  engine  room  up  through  the  motor 
and  force  it  through  the  ducts  to  the  deck. 

Figs.  7  and  8  show  a  completed  motor 
such  as  is  being  built  for  the  battleships 
California,  Maryland,  and  West  Virginia, 
ships  of  the  same  size  as  the  New  Mexico. 
These  motors  are  of  a  slightly  different  type 
but  are  similar  in  appearance  to  those  on  the 
New  Mexico  except  that  the'  frame  of  the 
latter  is  slightly  longer  along  the  shaft  and  the 
contactor  shown  on  the  shields  is  not  used. 

The  specified  requirements  for  driving  the 
New  Mexico  propellers  called  for  26,500  h.p. 
at  161  revolutions  per  min.  corresponding  to 
21  knots  ship  speed,  and  8350  h.p.  at  112 
revolutions  per  min.  for  cruising  at  15  knots. 

The  motors  were  wound  to  operate  with 
either  24  or  36  poles  with  an  output  of  6700 
h.p.  at  4000  volts  on  the  24-pole  connection 
and  2050  h.p.  at  2800  volts  on  the  36-pole 
connection,  with  an  overload  capacity  of  8375 
h.p.  at  173  r.p.m. 

At  speeds  from  8  to  15  knots,  the  four 
motors  are  operated  on  the  36-pole  connection 
from  one  generator  with  its  winding  connected 


in  parallel,  the  switching  being  so  arranged 
that  either  generator  can  be  used.  The 
variation  of  speed  is  obtained  by  steam  control 
on  the  turbine-generator. 

From  15  to  17  knots,  the  motors  are 
thrown  over  to  the  24-pole  connection,  still 
using  only  one  generator.  Above  17  knots, 
two  generators  are  used,  connected  in  two 
squares.  The  two  motors  and  generator  on 
the  starboard  side  and  the  two  motors  and 
generator  on  the  port  side  are  connected 
together  and  each  set  operated  as  separate 
units. 

For  reversing,  the  36-pole  connection  only 
is  used.  When  the  motor  is  running  on  the 
36-pole  connection  one  phase  is  reversed.  If 
operating  on  24-poles,  the  connections  are 
changed  over  to  36  poles  and  reversed. 

During  the  trial  run  a  test  of  this  reversal 
was  made  with  the  boat  running  at  a  speed 
of  21.25  knots.  The  motors  were  reversed 
and  the  screw  was  brought  up  to  full- 
speed  astern  on  the  36-pole  connection 
(two  thirds  of  the  forward  speed)  in  20 
seconds;  12  seconds  of  this  time  being  used 
in  switching.,. 

The  official  trials  on  the  driving  equipment 
of  the  New  Mexico  were  made  December 
16-18,  1918.  Runs  were  made  at  various 
speeds  from  7.32  knots  to  21.31  knots  to 
establish  points  for  the  standardization  curve. 

It  developed  that  due  principally  to  over- 
loading, which  increased  the  displacement 
by  over  1000  tons,  the  power  required  to 
drive  was  29,100  h.p.  at  161  r.p.m.  instead  of 
26,500  h.p.  at  a  screw  speed  of  166.5  r.p.m. 

A  four-hour  endurance  run  under  full 
power  at  21.25  knots,  requiring  31,000  h.p. 
at  1 70  revolutions  of  the  propeller  was  made 
followed  by  runs  at  19,  15  and  10  knots. 

Two  runs  over  the  course  were  very 
interesting.  The  two  inboard  propellers  were 
run  from  one  generator  with  the  motors  con- 
nected 24  poles  and  with  the  outboard  motors 
disconnected,  allowing  the  propellers  to  nm 
free.  Another  trial  was  made  with  the  out- 
board motors  driving  and  the  inboard 
propellers  free.  In  both  cases  a  httle  over 
15  knots  speed  was  obtained.  These  two 
trials  showed  that  to  drive,  the  boat  at  the 
same  speed  the  inboard  propellers  required 
1 1  per  cent  more  power  than  the  outboard. 

During  all  the  trials  the  motors  were  in 
charge  of  the  ship's  engineering  force  and  the 
entire  operation  was  highly  satisfactory; 
especially  so,  since  the  power  required  to 
obtain  full  speed  was  considerably  in  excess 
of  what  was  anticipated. 
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The  Main  Control  Equipment  of  the 
New  Mexico 

By  C.  T.  IlicNTS(iii:i. 

S\VITrillH)ARI)   ICNiMNKKRINC    nKI'AKlMKNT,  (1  KN  KkAl.    lil.liC  T  KIC  CNlMI'ANV 

Oiu-  of  tho  nutst:iiuiiiin  ftaUiri'S  wf  llu'  baUlcsliip  ,\'nv  Mexico  is  the  unique  cunlrol  of  its  propulsion 
mjuliinory.  Tlio  keynote  of  tlio  control  system  is  flexibility.  This  pro])erty,  coupled  with  the  ability  of 
cither  or  both  generating;  units  to  drive  all  tour  propeller  motors,  produces  a  propulsion  equipment  of  great 
reliability.  The  following  article  describes  in  detail  the  construction  and  inter-relationship  of  the  units  of 
tlie  control  .ipparatus. — UniroR. 


The  devclo]Mnent  of  a  new  idea,  such  as  tlie 
cleelrio  proi)tilsion  of  vessels,  naturally  brings 
with  il  the  necessity  for  desij^jninj^  suitable 
auxiliary  apparatus;  anil  this  is  in  the  fullest 
sense  trtie  of  the  electrical  propulsion  control 
equipment  for  the  U.S.S.  New  Mexico. 

At  the  beginning  it  was  realized  that,  if 
s})eed  of  action  and  intelligent  interpretation 
of  commands  were  to  be  attained,  the  control 
of  the  main  switching,  the  generator  field  ad- 
jtistment,  and  the  steam  adjustment  must  be 
centralized  at  one  point.  This 
brought  about  the  design  of  the 
propulsion  control  cell*  which 
contains  all  the  means  of  control 
and  switching  (with  the  exception 
of  the  generator  disconnecting 
switches)  for  the  two  turbine- 
generators  and  the  four  propulsion 
motors. 

The  list  of  devices  includes: 


Two  Boostcr-lield  Rheostats. 

Two  Speed-control  Levers. 

Two  Steam-limit  Levers. 

Two  Steam-limit  Indicating  Switches. 

A  complete  set  of  Interlocks,  both  electrical  and 
mechanical,  to  safeguard  the  operator  and 
also  to  produce  certain  sequences  of  operation 
of  the  different  devices  necessary  for  the 
proper  control  of  the  ship. 

Fig.  1  shows  a  diagram  of  the  arrange- 
ment of  cables  and  switches  in  their  relative 
order. 


Two  Generator  Disconnecting 
Switches  for  isolating  the  gener- 
ators and  providing  a  means  for 
changing  the  generator  connec- 
tions. 

One  Bus-tie  Switch  for  connecting 
the  opposite  pairs  of  motors  to 
either  generator  or  for  separating 
them  when  it  is  desired  to  use 
two  generators. 

Two  Reversing  Switches  for  changing 
the  direction  of  rotation  of  the 
motors  for  the  purpose  of  revers- 
ing the  direction  of  travel  of  the 
ship. 

Two  Pole-changing  Switches  for  changing  the 
pole  connections  in  the  motors  for  different 
conditions  of  operation. 

Two  Operating  Levers  and  mechanisms  for 
reversing. 

Two  Operating  Levers  for  pole  changing. 

Four  Motor  Disconnecting  Switches  for  isolating 
the  motors. 

Two  Bulkhead  Panels  (bulkhead  piercing). 

Two  Field-control  Levers. 

Two  Field  Switches. 


♦See  Fig.  5,  "Controning  the  Propulsi 
by  H.  P.  Harvey,  p.  278,  in  this  issue. 


1  of  the  New  Me 


Dia^am  of  Wiring  and  Switches  Between  the  Turbine-generators 
and  the  Propulsion  Motors  of  the  U.S.S.  New  Mexico 


The  Control  Cell 

The  control  cell,  shown  partially  assembled 
in  Fig.  2,  is  rectangular  in  shape  16  ft.  8  in. 
wide,  9  ft.  deep,  and  1\14  ft.  high.  It  is 
built  of  -l-in.  channels,  strongly  riveted  and 
bolted  together  to  form  a  solid  unit  in  order 
to  withstand  the  vibrations  due  to  machinery 
and  propellers  and  also  the  shocks  resulting 
from  gunfire. 

The  cell  is  firmly  anchored  to  the  floor  of 
the  control  room  and  machinerv  deck  and  it 
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view  of  the  Control  Cell,  partially  assembled,  showing 

fore-and-aft  aisle 


has  no  further  supports.  It  is  located  in  the 
center  line  of  the  ship  and  has  ample  passages 
around  it.  The  outside  surfaces  are  covered 
with  steel  basket-weave  grille,  except  in  the 
places  occupied  by  the  instrument,  gauge, 
and  control  panels. 

The  cell  is  divided  by  a  fore-and-aft  aisle, 
shown  in  Fig.  2,  into  port  and  starboard 
sections,  each  section  controlling  a  generator 
and  two  motors ;  and  it  is  further  divided  by  a 
thwartship  aisle.  Figs.  3  and  4,  forming  a 
natural  division  between  the  reversing  and 
the  pole-changing  switches.  This  arrange- 
ment permits  of  ready  access  to  all  the 
devices.  Grille  doors,  Fig.  5,  are  installed 
on  the  port  and  the  starboard  sides.  The 
doors  are  provided  with  magnetic  locks 
energized  from  the  field  circuits,  so  that  the 
cell  cannot  be  entered  unless  the  field  breakers 
are  open.  This  protects  the  operators  against 
•contact  with  the  high-tension  circuits. 

The  cell  is  open  at  the  top  but  a  steel  roof 
is  installed  about  two  feet  above  and  extends 
about  12  inches  on  all  sides.  Without 
interfering  with  the  ventilation,  this  roof 
protects  the  cell  against  the  possibility  of 
water  dripping  from  above  and  the  accidental 
dropping  of  tools  into  it.  Inside  the'  cell,  and 
allowing  sufficient  headroom  for  operation,  are 
mounted  the  four  main  bus  bars  which 
consist  of  two  laminations  of  5  by  M-in- 
copper  and  which  are  located  in  the  forward 
half  of  the  cell.  The  other  half  of  the  cell 
contains  the  motor  buses  in  the  same  plane. 


These  consist  of  two    laminations 
of  2  by  34 -in.  bars. 

Insulation 

The  problem  of  insulation  was  a 
serious  one.  On  account  of  the 
vibration  due  to  running  machinery 
and  to  the  more  serious  matter 
of  gun  shock,  the  service  on  a 
battleship  is  very  severe.  It  was 
obvious  that  porcelain  could  not  be 
used,  and  therefore  it  was  decided 
to  utilize  a  molded  compound 
insulation.  Two  types  of  insul- 
ators were  produced;  one  for  use 
in  insulating  the  studs  of  the 
switches,  and  the  other  shown  in 
Fig.  6  for  supporting  the  buses 
and      connections. 


Generator  Disconnecting  Switches 

The  generator  disconnecting 
switches,  Fig.  7,  are  eight-pole, 
double-throw  and  are  rated  5000 
volts,  1200  amperes.  In  addition  to  their 
serving  the  purpose  of  isolating  the  generator, 
they  are  used  for  changing  the  connections 
in  the  generator  windings. 

The  switch  blades  are  L-shaped  which 
permits  a  complete  throw-over  with  only 
90  deg.  of  actual  movement.  There  are 
two    laminations    per    pole.     The    poles    are 


Fig.  3.      Starboard  Side  of  the  Control  Cell,  showing  aisle 
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I'oniU'cU'd  in  pairs  li\-  a  rinss-licail  wliicli, 
by  iiH'ims  of  (•(Hi|)linv,s  and  a  wikiiIcii  rod,  is 
contK'i'ti'd  to  a  crank  kcyi'd  to  llii'  opcralinf; 
slial't  of  I  ho  switch.  The  hinge  blocks  arc 
conncclcd  in  i)airs  by  i-oppcr  l)ars  arran},;cd 
lor  cable  connections  to  the  main  bnsbars 
at  I  he  to])  of  the  cell.  The  studs  extend 
throu,L;h  insulators  securelx'  locked  to  a 
casl-inctal  base,  which  is  bolted  to  the  fore- 
and-aft  bulkheads  forminj^  the  boundaries  of 
the  control  room.  In  this  manner,  the 
switch  in  addition  to  its  re<^ular  functions 
serves  as  a  cable  entrance  ])anel  through  the 
water-tight  bulkhead  between  the  turbine 
ami  the  control  com])artments. 

The  switches  are  mounted  nn  end  with  the 
shafts  vertical  and  are  ojieratcd  by  means  of 
a  stout  hand  lever  which  is  hinged  at  its 
fulcrum  so  that  it  can  be  let  down  into  a 
vertical  position  when  not  in  use,  thus 
jjreventing  its  obstructing  the  ])assageway 
on  cither  side  of  the  control  cell. 

The  shaft  is  ])ro\-idcd  W'ith  a  notched 
quadrant  and  a  roller  pawl  actuated  by  a 
heavy  spring.  This  gives  the  operator  an 
indication  when  he  has  reached  the  open  or 
closed  position  of  the  switch. 

Bus-tie  Switch 

The  bus-tie  switch.  Fig.  S,  is  four-pole, 
single-throw   and   is   rated   5000   volts,    2400 


Fig  5 


lard  Side  ut  the  Conirul  Cell,  showing  protective 
grille  and  magnetically  locked  door 


Combination  View  of  the  Port  Side  and  Back 
of  the  Control  Cell 


amperes.  It  is  used  to  tie  the  port  and  star- 
board generator  buses  together  when  only  one 
machine  is  used  to  drive  all  the  motors. 
The  blades  of  the  switch  consist  of  tw^o 
laminations  per  pole,  which  operate  between 
contact  clips  set  into  suitable  blocks  attached 
directly  to  the  bus  bars.  They  are  in  turn 
connected  by  means  of  couplings  and  w-ooden 
insulating  rods  to  bell-cranks  keyed  to  the 
operating  shaft. 

A  hand  lever,  directly  attached  to  the  shaft 
and  operating  in  the  thwartship  aisle,  provides 
a  means  for  throwing  the  switch  but,  owing 
to  the  magnetic  locks  on  the  cell  doors,  it  is  not 
accessible  until  the  field  circuit  has  been 
opened. 

Reversing  and  Pole-changing  Switches 

The  operation  of  reversing  and  pole  chang- 
ing is  accomplished  by  the  use  of  double-throw, 
oil  circuit  breakers,  Fig.  9,  made  up  in 
single-pole  units  each  having  a  capacity  of 
1500  amperes  at  5000  volts.  The  reversing 
switch  is  triple-pole,  each  pole  consisting  of 
two  units  connected  in  multiple.  They  are 
mounted  directly  behind  the  front  wall  of  the 
cell  and  are  separated  by  the  fore-and-aft 
aisle  as  shown  in  Fig.  2.  Inter-connections 
between  the  switches,  and  from  the  switches 
to  the  main  busbars  directlv  above,  are  made 
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with  heavy  copper  bars.  The  studs  are 
insulated  from  the  frame  by  means  of  bakelite 
compound  insulators. 

The  contacts  are  of  the  brush  type  and  are 
provided  with  secondary  arcing  tips  on  the 
brush,  and  burning  plates  on  the  fixed 
blocks.  All  these  parts  are  easily  renewable. 
The  contact  arms  are  hinged  to  the  center 
stud  and  the  carrying  capacity  is  maintained 
by  flexible  copper  connectors  fastened  between 
the  center  stud  and  the  brush. 


Fig.  6.      Special  Insulator  for  Supporting  the  Bu 
and  Connections 


Each  brush  lever  is  connected  by  means  of 
an  impregnated  wood  rod  and  a  coupling 
to  the  switch  mechanism  which  is  mounted 
on  the  cover  frame  and  the  mechanisms  are 
connected  six  in  tandem  across  the  tops  of  the 
switches.  These  six  mechanisms  are  operated 
in  imison  by  means  of  a  toggle  arrangement 
which  is  connected  to  the  bell-crank  that 
communicates  with  the  operating  mechanism 
as  shown  in  Fig.  9. 

Each  breaker  unit  has  its  individual  oil 
tank  for  the  handling  of  which  an  adjustable 
platform  has  been  installed. 

The  pole-changing  switches  are  identical 
with  the  reversing  switches,  but  they  are  used 
in  single  capacity  and  are  connected  to  the 
motor  buses  mounted  above  them  and  also 
to  the  reversing  switches. 


Fig.  7.      Eight-pole,  Double-throw,  5000-volt,  1200-amp. 
Generator  Disconnecting  Switch 


Ill';  M.\i\  cox'i'uoi.  I'.oi  ii'Mi':\'i'  (»i 
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OpcratiriK  Mcdiunisiii 

TIk'  switi'lu's  ;iri'  opi'fatcd  I'roin  i1k'  iVniil 
iiftlii'  lioanl  li\'  lui'iiiis  of  llic  kirj,'e  k-vcrs 
sliowii  ill  I'ij,'.  U.  'riic  two  iiiiuT  levers  are  for 
reversiii)^  anil  llie  two  outer  ones  for  pole 
ehan^iii}^.  They  are  pi\-oleil  on  the  pedestals 
ami  eomnumicate  with  the  oil  eireuit  breakers 
liiroii,!j;li  a  i)ii)c  and  erank  nieehanism  to  tlie 
operatiii},'  shafts  located  under  the  breakers 
and  thenee  throui^h  the  \'ertieal  i)ipe  to  the 
switeii  meehanisnis.  The  k'wrs  have  thrt-e 
positions,  the  vertical  one  i)ein,L;  "olT." 

Motor  Disconnecting  Switcli 

The  four  motor  disconnecting  switches, 
Im.U.   10.  are  eight-pole,  single-throw  and  arc 


rated  .'lOOd  volts,  (iOO  amperes.  'I'hey  are 
inoiiiited  at  the  toj)  of  llu'  control  cell,  one  on 
each  side  for  the  i)ort  anil  starboard  outboard 
motors,  and  two  at  the  back  for  the  inboard 
motors  which  are  located  directly  back  of  the 
ci'll.  The  switches  :ire  of  single-blade  con- 
st riution,  each  blade  being  connected  by 
means  of  coujjlings,  insulating  rods,  and 
cranks  to  a  common  shaft  for  simultaneous 
ojicralion.  They  are  back  connected  thnjugh 
bakelite  insulators  and  are  o])erated  by  a 
handle  on  the  outside  which  can  be  reached 
from  the  deck  by  a  switch  hook. 

The  lower  studs  are  connected  to  the  motor 
buses  while  the  upper  studs  are  led  out  at  the 
top  of  the  cell  over  insulators  by  means  of 


^ 


Fig.  8.     Four-pole.  Single-throw.  5000-volt.  2400-amp.  Bus-tie  Switch 
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connection  bars  and  terminals  to  the  motor 
cables. 

A  latching  arrangement  on  the  hand  lever 
prevents  opening  the  switch  under  vibration. 
This  latch  is  automatically  relieved  by  the 
normal  use  of  the  switch  hook.  The  switch 
is  provided  with  a  sheet-iron  cover  so  that 
accidental  contact  with  live  parts  is 
impossible. 

Bulkhead  Panels 

Two  bulkhead  panels  are  provided  to  carrv^ 
the  motor  leads  through  the  port  and  star- 
board bulkheads.  These  consist  of  a  cast 
composition  base  mounting  eight  bakelite 
insulators,  having  a  copper  stud  in  each  firmly 
locked  by  means  of  clamping  nuts  at  each 
end.  Terminals  on  each  end  provide  means 
for  attaching  the  motor  cables  and  the 
connections  to  the  motor  disconnecting 
switches. 

Field  Control 

The  control  of  the  generator  is  accomplished 
by  the  use  of  a  booster  set  which  is  used 
either  to  buck  or  to  boost  the  main  field. 

The  booster  set  is  regulated  hj  means  of  the 
booster-field  rheostat,  Pigs.  11  and  12,  which 
is  controlled  by  the  field-control  lever.  Fig.  13. 

Pulling  the  lever  out  from  the  board  30 
degrees  closes  the  circuit  of  the  solenoid 
operating  the  field  switch  (which  is  mounted 
on  the  exciter  board)  and  places  the  rheostat 
switch  in  the  maximum-buck  position.  Con- 
tinuing the  movement  of  the  lever  another 
30  degrees,  which  covers  28  steps  of  resistance, 
progressively  relieves  the  "buck"  and  allows 
normal  excitation  to  be  impressed  on  the 
main  generator.  The  following  and  last  30 
degrees  of  motion  produces  a  gradual  boosting 
of  the  field  over  a  range  of  2S  more  steps  of 
resistance  to  the  maximum  point.  This  excess 
field  current  is  necessarj^  for  pulling  the 
motors  into  step,  but  it  must  not  be  main- 
tained longer  than  necessary.  To  insure  this 
condition,  the  lever  is  provided  with  a  spring- 
return  action  augmented  b\'  a  stout  spring 
and  lever  arrangement  in  the  pipe  mechanism. 
Fig.  14,  near  the  rheostat,  which  returns  the 
lever  mechanism  and  rheostat  switch  auto- 
matically to  the  normal  excitation  position 
when  the  handle  is  released. 

The  hand  lever  is  made  of  polished  steel  and 
straddles  a  notched  quadrant.  It  is  provided 
with  a  latching  lever  operating  in  the  notches, 
thus  giving  a  ready  means  for  fixing  the  lever 
at  any  desired  position.  The  notches  in  the 
quadrant    co^^er    onlj-    the    range    between 
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maximum  buck  and  normal  field,  so  that  the 
lever  cannot  be  locked  in  the  over-excitation 
position.  The  booster  field  rheostat.  Figs.  1 1 
and  12,  is  mounted  in  the  cell  structure  on 
either  side  of  the  fore-and-aft  aisle  near  the 
rear  wall. 


!i:i''i"ii'l'';m!"i! 

I'.iii  h.  iI'i'ViAiK'i 


°3    '        %'' 


t^  I  "In' I'll 


Fig.  11.     Booster- field  Rheostat 

The  field  switch  is  a  double-pole,  solenoid- 
operated  circuit  breaker  rated  400  amperes 
250  volts.  It  is  equipped  with  magnetic  blow- 
out coils  at  the  secondary  arcing  tips  and  with 
a  trip  coil  for  connection  to  the  contacts  of 
the  balance  relay.  Fig.  15. 

Speed  Control 

Speed  control  is  accomplished  by  adjusting 
the  amount  of  steam  flowing  to  the  turbine, 
and  it  consists  of  two  control  levers  for  each 
turbine,  one  for  speed  control  and  the  other 
for  the  purpose  of  limiting  the  number  of  open 
turbine  valves. 

The  speed-control  or  steam  lever.  Fig.  13,  is 
mounted  at  the  side  of  the  field-control  lever 
and  is  similar  in  design.  Its  throw  is  limited 
to  45  degrees  and  it  has  notches  corresponding 
approximately  to  34.  H.  M.  a^nd  full  speed. 
In  addition  to  these,  to  provide  a  means  for 
obtaining  any  intermediate  adjustments  by 
small  increments,  a  hand  wheel  and  screw 
arrangement  is  installed  as  shown.  A  four- 
spoked  locking  wheel  is  provided  on  the  screw 
for  holding  the  adjustment  when  made. 

At  the  back  of  the  board  the  lever  ends  in  a 
crank  and  coupling  which  are  attached  to  a 
shaft  and  a  crank  mechanism  by  means  of 
which  the  motion  of  the  speed  lever  is  com- 


municated   to    the    operating    levers    at    the 
turbine. 

Steam  Limiting  Levers 

The  steam-limit  lever,  Fig.  16,  is  mounted 
below  the  speed  lever  and  is  similar  in  design, 
except  that  it  is  smaller.  It  has  a  throw  of 
90  degrees  and  is  equipped  with  a  spring 
arrangement  at  the  hinge  by  which  the  lever 
is  thrown  into  full-valve  position  when  the 
speed  lever  is  thrown  into  the  off-steam 
position.  This  is  accomplished  by  means  of 
a  connecting  rod  between  the  two  which 
actuates  the  tripping  mechanism  at  the 
proper  time.  The  quadrant  has  20  notches 
into  which  the  heel  of  the  latching  lever  fits 
when  released.  This  gives  20  coarse  steam 
adjustments  which  can  be  made  independ- 
ently of  the  speed  lever  and  without  inter- 
fering with  the  action  of  it. 

This  lever  is  connected  by  a  shaft  mech- 
anism, similar  to  the  one  employed  for  the 
speed  lever,  to  the  valve  control  arm  at  the 
turbine. 

Steam-limit  Indicating  Switch 

Installed  at  the  end  of  the  steam  limiting 
mechanism  and  on  the  valve-limit  hook 
is  the  steam-limit  indicating  switch.  It 
consists  of  a  light  switch  arm  installed 
in  the  hook  and  operated  by  the  ^'alve 
limiting  arm  in  the  hydraulic  control  mechan- 
ism. Here  a  roller  operates  upon  the 
collapsible  plate  and  link  arrangement,  which 


Fig.  12.     Booster-field  Rheostat 

is  connected  to  the  switch  arm,  causing  the 
arm  to  move  its  contact  over  a  set  of  contact 
buttons  suitably  insulated.  The  contact 
buttons  are  connected  to  the  125-volt,  direct- 
current  circuit  and  to  a  set  of  indicating  lamps 
on  the  control  board. 
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Intrrloiks 

.  Wlu'ii  ;i  lar^i'  nuinl)fr  of  (li\irfs,  siu-h  as 
thusi-  (lescril)O(l,  air  i^atlKMnl  to^jclher,  it  is 
i-oailily  disconiibk'  lliaL  means  must  be 
])r(iviik'd  to  pivvcnl  the  makinj^  of  mistakes 
and  to  confine  ojjerations  to  their  proper 
secjuence,  therefore  the  ver\-  elaborate  set  of 
meehanieal  interlocks,  described  in  the  follow- 
in^;,  were  ilesi),'ned  and  applied  lo  the  various 
devices: 
The  (Jntcrator  PiscctDurlitti:,  Switiltcs 

(\)      Must  not   be  o]>ened  or  ck)sed   when 
enerjj;ized. 

This  operation  is  prevented  by  the  magnetic 
lock,  Fi};.  7,  which  interferes  with  the 
rotation  of  the  shaft  and  which  is  actuated  b\- 
the  field  circuit  when  the  field  switch  is  closed. 
This  means  that  the  field-control  lever  must 
be  placed  in  the  vertical  (field-off)  position 
before  a  disconnecting  switch  can  be  moved. 

(2)  Must  not  be  closed  w-hen  the  bus-tie 

switch  and  opposite  generator  dis- 
connecting switch  are  both  closed. 

(3)  Must  not  be  closed  in  the  high-voltage 

connection  when  the  bus-tie  switch 
is  closed,  Fig.  S. 
(A)     Must  not  be  closed  in  the  low-voltage 
position  when  the  bus-tie  switch  is 
open.  Fig.  8. 

The  Bus-tie  Switch 

(5)  Must  not  be  closed  when  both  genera- 

tor disconnecting  sw-itches  are 
closed,  Fig.  8. 

(6)  Must  not  be  opened  or  closed  when 

energized. 
This  protection  is  secured  by  the  magnetic 
lock  on  the  cell  doors  which  prevents  them 
from  being  opened  unless  the  field  circuit  is 
"ofT." 

The  Reversing  and  Pole-changing  Sidtches 

(7)  Are  electrically  locked  by  the  locking 

magnet,  Fig.  9,  so  that  they  can- 
not be  opened  until  the  line  current 
has  dropped  to  a  predetermined 
value  as  governed  by  the  under- 
current relay. 

The  coils  of  this  relay  are  connected  to  the 
secondary  circuits  of  the  line-current  trans- 
former and  its  contacts  operate  the  magnetic 
lock  through  the  125-volt  excitation  circuit. 

The  Reversing  Switches 

(8)  Are  interlocked  with  the  pole-changing 

switches  by  means  of  the  interlock 
box  shown  in   Fig.   9,   so  that  the 


former  may  not  be  thrown  in  the 
astern  jiosition  unless  llic  pole- 
changing  switches  arc  in  the  .'Kl-ijole 
connection  and,  conversely,  the 
I)ole-changing  switches  cannot  be 
thrown  in  tlie  21-])ole  connection 
when  the  reversing  swii'  Ih'  ■nf  in 
the  astern  jiosition. 


Fig.  13.     Steam  (left)  and  Field  Control    rightl  Levers 

The  Reversing  and  Pole  Changing  Switches 

(9)  Are  also  locked  by  the  field-control 

lever,  so  that  they  cannot  be 
operated  unless  the  field  lever  is  in 
the  vertical  (field-ofT)  position,  Fig. 
14. 

(10)  Are  further  interlocked  cross-ship  with 

the  field  lever  on  the  opposite  side, 
so  that  they  cannot  be  operated 
when  the  field  switch  is  closed. 

This  interlock  is  shown  in  the  lower  part  of 
Fig.  16  and  consists  of  a  shaft  rotated  by 
means  of  the  pipe  and  bell-crank  arrangement 
connected  to  the  bus-tie  switch  operating 
a  shaft  as  shown  in  Fig.  8. 

The  rotation  of  this  shaft  causes  an  exten- 
sion of  a  set  of  springs  attached  to  a  second 
and  a  third  shaft  which  are  connected  by 
links  to  the  locking  cams  of  the  reversing  and 
pole-changing  switches  on  both  sides. 

The  shafts,  however,  lock  and  cannot  rotate 
until  one  of  the  field  levers  has  been  pulled 
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Fig    14,      Field  Control  Mechan 
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Fig.  16. 


Steam-limit    Speed,  aad  Field-control  Lev 
and  Interlocks 


out.     The   locking   of   the    port    switches    is 
subject  to  the  starboard  field  lever  and  vice 
versa;  and  the  whole  interlock  is  made  in- 
active by  the  opening  of  the  bus  tie  switch. 
The  Motor  Disconnecting  Switches 

(11)  Must  not  be  operated  when  alive,  and 

to  prevent  this  they  are  equipped 
with    a    locking    magnet,    Fig.    10, 
connected  to  the  field  circuit. 
Field-control  and  Steam-control  Levers 

(12)  The  field-control  levers  are  interlocked 

with  their  respective  reversing  and 
pole-changing  switches,  so  that 
these  switches  cannot  be  operated 
when  the  field  lever  is  in  the  field-on 
position. 

(13)  The  field-control  levers  are  also  inter- 

locked with  their  respective  speed- 
control  lever,  so  that  the  field  may 
not  be  taken  oiT  the  generator  with- 
out first  pushing  the  speed-control 
lever  to  a  low-steam  position. 

(14)  The  speed-control  lever  is  interlocked 

with  the  field  lever,  so  that  only  a 
limited  amount  of  steam  may  be 
admitted  to  the  turbine  before  the 
field  circuit  is  closed. 

(15)  The  speed-control  lever  is  interlocked 

with  the  steam.-limit  lever,  so  that 
whenever  the  speed  lever  is  moved 
to  the  off  position  the  steam-Umit 
lever  is  tripped  to  the  full-valve 
position. 
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Controlling  the  Propulsion  of  the  New  Mexico* 

By  H.  Franklin  Harvey,  Jr. 

Formerly  in  S%vitchboard  Engineering  Department,  General  Electric  Company;  now  Engineer 

IN  Electrical  Division,  Newport  News  Shipbuilding  and  Dry  Dock  Company 

In  many  respects  the  control  apparatus  of  the  New  Mexico  installation  is  the  most  intricate  and  important 
part  of  the  equipment.  As  in  all  control  apparatus,  the  question  of  convenience  and  smoothness  of  operation 
was  a  prime  consideration.  Another  vital  factor  in  battleship  propulsion  is  to  provide  every  means  possible 
for  keeping  the  equipment  or  a  portion  of  it  in  operation.  In  an  engagement  every  part  of  the  equipment  is 
liable  to  damage,  and  as  far  as  possible  provision  must  be  made  for  every  contingency.  In  this  respect  one  of 
the  striking  features  of  the  New  Mexico  control  is  the  elaborate  interconnection  for  obtaining  a  direct-current 
supply  at  the  switchboard  for  turbine  generator  excitation.  The  control  equipment  is  arranged  on  two  boards, 
viz.,  a  direct  current  board  from  which  the  exciters,  boosters,  blowers  and  other  auxiliaries  are  controlled,  and 
the  main  operating  board  on  which  are  mounted  the  steam  control  levers,  motor  pole-changing  switches,  revers- 
ing switches,  motor  and  generator  disconnecting  switches,  meters,  etc.  The  parts  of  the  equipment,  their  ar- 
rangement, and  the  sequence  of  operations  in  starting  and  reversing  are  fully  described  in  this  article. — Editor. 

(a)     One    direct-cturent    switchboard    for 
controlling    two    300-kw.    120/240- 


Introduction 

In  describing  the  control  of  the  propulsion 
equipment  of  the  U.S.S.  New  Mexico,  it  is 
assumed  that  the  articles  on  turbines, 
generators,  motors,  and  control  apparatus  in 
the  preceding  pages  have  been  read.  The 
control  equipment  manipulates  and  ties 
together  the  machines  for  producing  and 
utilizing  the  propulsive  power  in  all  its  stages, 
and  therefore  frequent  reference  will  be  made 
to  them  without  further  explanation. 

With  the  exception  of  the  collier  Jupiter, 
the  New  Mexico  is  the  first  electric  driven 
ship  in  the  United  States  Navy.  About  six 
years  ago  the  Jupiter  began  its  very  success- 
ful career  and  has  been  running  almost 
continuously  ever  since.  The  remarkable 
record  of  this  collier  was  a  big  factor  in 
causing  the  adoption  of  electric  propulsion 
for  the  New  Mexico  and  all  larger  subsequent 
ships  of  the  United  States  Navy. 

By  reason  of  its  purpose,  the  Jupiter  is 
naturally  a  constant  speed  ship  and  con- 
sequently does  not  involve  the  extensive 
arrangement  for  speed  control  incident  to  the 
New  Mexico,  which  must  run  efficiently  at 
several  speeds. 

In  designing  the  control  apparatus  for  this 
battleship,  particular  attention  was  given  to 
convenience  in  operation  and  smoothness  of 
transfer  from  the  type  required  for  steam 
driven  ships  to  that  necessary  for  electric 
driven  ones.  This  feature  will  greatly  assist 
steam  engineers  to  adapt  themselves  to 
electric  control,  and  detailed  evidence  of  the 
feature  is  clearly  manifested  in  the  article 
dealing  with  the  description  of  control 
apparatus.* 

The  equipment  for  controlling  the  electric 
propulsion  of  this  ship  is  shown  in  Fig.  1  and 
consists  of: 

*  "The  Main  Control  Equipment  of  the  New  Mexico."  by 
C.  T.  Hentschel,  page  261,  this  issue. 


volt,  3-wire  turbine  exciters,  two 
IS-kw.  65-volt  booster  sets  in  con- 
junction with  the  main  generator 
fields,  ten  engine  room  auxiliary 
motors,  and  a  constant  voltage 
control  supply.  Diagrams  of  this 
board  and  its  connections  are  given 
in  Figs.  2,  3,  and  4. 


Main  Turbo-Gsn. 


To  Aft  Dynamo  Room 


Main  Turbo  -Gan 


""ig.  1.     Diagrammatic  Arrangement  of  Apparatus  and  Main 
Cables  for  Propulsion  Control  Equipment 

(b)  One  structural  steel  cell  for  controlling 
the  two  main  11,400-kw.  14,800- 
kv-a.  4200-volt  2-phase  turbine- 
generators  and  the  four  7250-h.p. 
4200-volt,  2-phase  induction  motors 
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ilircctly  ciiiiiin'tcd  Id  llir  piM|iflliTs. 
'1'Ir'Si'  ^;i'iuT;il(>rs  ari'  ;irr;iHKi'<l  willi 
windinj^s  for  olitainin^,'  -l^ll,*  volts 
on  siiiiari'  I'diiiU'c-lioii  and  .'iOdO 
volts  on  paralk'l  c-onncction.  The 
motors  are  iirovidod  with  dnulili- 
windiuf^  squirrcl-cai^c  rotors  and  the 
stators  are  arran^'ed  for  24  or 
;5()-pole  eonneetions.  Dia^jranis  of 
this  cell  and  its  connections  are 
shown  in  Fi^s.  5,  (j,  7,  and  8. 

EXCITER  AND  AUXILIARY  SWITCHBOARD 
General  Description 

The  ])anels  are  of  ebony  asbestos  wood 
with  marine  finish.  They  are  mounted  on 
anj^le  and  tee  bar  supjjorts  with  rubber  back- 
ing to  assist  in  absorbing  shocks  and  to 
relieve  any  uneven  surfaces  between  the 
back  of  the  panels  and  the  face  of  the  supports. 
Name  plates  are  provided  for  each  piece  of 
apparatus  to  indicate  its  service.  Lamps  in 
lirackets  with  shades  are  mounted  at  the 
top  of  the  panels  to  provide  illumination  for 
the  board. 

Due  to  the  lack  of  space  in  the  control 
room,  it  was  necessary  to  mount  this 
switchboard  on  a  gallery  in  front  of  the  main 
operating  switchboard  just  above  the  two 
exciter  generators  and  to  brace  it  to  the 
wiring  passage  from  above.  It  therefore 
faces  the  main  control  board,  making  it 
possible  for  the  operator  to  \'iew  both  of 
them  and  gixang  him  complete  supervision 
over  the  entire  control. 

Exciter  Generator  Control 

The  turbines  driving  these  machines  are 
arranged  to  exhaust  either  into  the  fifth  or 
eighth  stage  of  the  respective  main  turbine  or 
direct  to  the  main  condenser.  A  special 
triple-pole,  six-throw  switch  mounted  on  the 
subbase  of  the  center  panel  transfers  either 
exciter  to  either  field  circuit,  to  all  auxiliary 
circuits,  and  to  the  aft  distribution  switch- 
board from  which  may  be  drawn  the  power 
from  any  of  the  four  360-kw.  Hght  and  power 
sets  as  shown  on  the  wiring  diagram.  Fig.  1. 
The  connections  from  the  aft  distribution 
switchboard  are  also  tied  directly  to  a  second 
set  of  buses  feeding  the  lower  throw  of  all 
auxiliary  circuits.  The  arrangement  of  switch 
blades  and  connections  prevent  running 
the  two  exciters  in  multiple  since  no  equalizing 
switches  are  included.  Just  above  this  switch 
are  six  red  bull's  eye  lights  to  indicate  which 
sources  are  available  and  to  warn  the  operator 
against  improperly  throwing  the  center  switch 


bl.idcs,  since  b\-  so  doinfj  he  may  jjossihly 
nuiltiplc  the  supply  from  the  afl  dislribulion 
switchboard  with  that  from  eitlier  exciter 
without  properly  e(|ualizing,  or  he  may  throw 
a  dead  exciti'r  on  the  afl  distribution  supi>ly 


-Main  Generator  Field 


Switch        ?    f   ?S/'srf   f  Y       5i 


,  i+i  SP4T 
Startind 
'nitcft 


To  ^i^  Distribution  Board 
■  Diagram  of  Exciter  and  Auxiliary  Circuits 


and  burn  out  its  armature.  These  lamps  are 
in  multiple  to  assure  an  indication;  it  is 
highly  improbable  that  the  life  of  two  lamps 
will  be  the  same  and,  therefore,  if  at  any 
time  only  one  is  burning,  the  other  is  evidently- 
burned  out  and  should  be  replaced.  By  use 
of  a  special  socket  device  these  bulbs  can  be 
easil}'  removed  from  the  front  of  the  switch- 
board. 

In  addition  to  the  lights,  stops  are  provided 
for  each  set  of  blades  in  order  to  lock  them 
in  the  open  position,  for  preventing  accidental 
closing  and  also  causing  the  operator  to 
think  before  throwing  them. 

On  the  upper  section  of  the  center  panel,  the 
field  rheostat  control  hand  wheels  are 
mounted  and  directly  connected  by  extended 
shafts  to  the  rheostats  which  are  supported 
on  angle  iron  structure  in  the  rear  of  the 
switchboard  and  suspended  from  the  wiring 
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Illuminating  Lamps 
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Motor        DCOenerator-  DC  Generator         Motor   j 

Shunt  Fields 


Fig.  4.      Wiring  Diagram,   Exciter  and  Auxiliary  Switchboard 
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passa^i-  Tlii'so  liaixl  wlii'cls  ari'  ]iiii\  idcd 
\vil.li  name  jjlaU's  aiul  poiiiti'rs  In  iiulicalc 
proper  ri>laliuii  for  raising  or  lowcriiif;  the 
I'Xi-iter  j^enoralor  voltaic  l''or  both  tin.- 
positive  ami  ticj^'alivc  Icj^'s  <'f  each  exciler  main 
circuit,  ammeters  are  inelmled,  and  shunts  tor 
opcratiu),'  tliem  are  mounted  ineonneetionliars 
at  the  rear  of  the  s\vitehl)(>ard.  A  \-oItmeler 
for  eaeli  exciter  is  mounted  on  this  ])anel, 
an<i  liy  means  of  the  six-point  transfer 
switches  the  ])otentialcan  be  obtained  between 
any  of  ilie  exciter  main  leads  or  between  the 
main  leads  and  the  .ground.  The  \'oltmcter 
has  a  black  tarj;et  which  is  set  on  the  scale  at 
the  normal  voltajjo  indication  by  a  screw  on 
the  lower  side  of  the  case,  for  the  purpose  of 
aiding  the  operator  readily  to  observe  if  the 
desired  voltage  is  being  maintained.  The 
scales  are  white  and  are  jirovided  with 
special  intennediate  markings  to  facilitate 
reading.  The  white  i)ointers  with  black 
background  may  be  easily  seen  at  a  distance. 

Booster  Control 

l-'or  each  booster  set,  and  on  the  upper 
section  of  the  center  panel,  there  are  one 
single-throw  lever  switch  to  connect  the 
motor  armature  to  the  local  negative  bus 
and  one  single-pole,  four-throw  pump-type 
switch  for  starting  the  motor  from  the  local 
positive  bus.  The  single-pole  switch  for  the 
booster  motor  is  provided  with  a  red  handle  to 
indicate  that  it  must  not  be  opened  until 
after  the  field  s'witch  or  motor  starting  switch, 
as  such  operation  would  cause  the  motor  to  run 
away  if  the  current  were  on  the  generator  end. 
The  first  throw  of  the  starting  switch  connects 
the  motor  shunt  field,  and  the  clip  is  so 
arranged  that  the  blade  remains  in  contact 
throughout  the  four  throws  to  avoid  opening 
the  field  when  leaving  the  first  throw  or 
inserting  the  starting  resistance  in  the  field 
circuit  through  the  other  throws.  A  fuse  is 
connected  in  the  first  throw  to  protect  the 
motor  in  case  of  abnormal  conditions.  The 
particular  design  of  switch  necessitates  an 
operation  of  the  handle  for  each  step,  thereby 
introducing  a  time  element  in  order  to  allow 
the  motor  to  respond  to  the  currents  limited 
by  the  different  sections  of  resistance,  and  to 
prevent  instantaneously  throwing  the  motor 
on  the  line.  The  starting  switch  is  mechanic- 
ally interlocked  with  the  field  switch  so  that 
the  field  switch  cannot  be  opened  unless  the 
starting  switch  is  open.  This  guards  against 
running  current  through  the  booster  generator 
without  running  the  booster  motor,  and 
prevents  the  set  from  running  away.     On  a 


sei>;irali-  base  alio\c  cacli  end  panel  is 
mounted  a  zero-center  ammeler.  These  arc 
tonnected  in  the  bfjosler  motor  circuits  and, 
in  a<ldition  to  their  regular  service,  indicate 
wiiether  the  machines  are  running  as  motors 
or  generators. 

Main  Generator:  Field  Control 

At  the  to])  of  the  center  ])anel  are  mounted 
the  two  generator  s<jlcnoid-oijerated  field 
switches  with  red  lights  just  above  them  to 
indicate  when  the  switches  are  closed.  These 
switches  consist  of  two  main  poles,  a  discharge 
blade,  an  auxiliary  switch,  a  closing  coil,  and 
an  o])ening  coil.  Contacts  for  oj^erating  these 
field  switches  are  included  with  the  booster 
generator  field  rheostat,  which  is  located  in  and 
controlled  from  the  main  cell.  The  off  position 
of  the  lever  controlling  the  booster  rheostat 
energizes  the  opening  coil  of  the  field  switch, 
and  the  next  point  energizes  the  closing  coil 
through  a  solenoid  control  relay  mounted  on 
the  rear  of  the  exciter  switchboard.  When 
the  field  switch  opens  and  just  before  its 
secondary  contacts  break  circuit,  the  discharge 
switch  makes  contact  and  connects  a  resist- 
ance across  the  field  to  absorb  the  induced 
voltage  and  prevent  rupturing  the  field  wind- 
ing insulation.  When  the  field  switch  closes, 
it  opens  the  discharge  switch  and  makes  it 
ready  for  the  next  operation. 

In  case  the  field  switch  fails  to  respond  to 
electrical  operation  by  the  control  lever  on 
the  control  cell,  a  permanently  arranged 
auxiliar}^  handle  is  proxaded  for  closing  the 
switch  Jdv  hand,  and  it  is  easily  opened  by 
simply  pushing  up  the  tripping  button  at- 
tached to  the  core  of  the  opening  solenoid. 
The  secondary  contacts  are  encased  by  a 
magnetic  blow-out  coil  to  prevent  excessive 
arcing  when  the  s'W'itch  opens  under  load. 

The  auxiliary  switches  mounted  behind  the 
panel,  and  mechanically  operated  by  the 
movement  of  the  switch  brush,  are  of  the 
magnetic  blow-out  type  and  control  the 
current  for  energizing  the  coils  of  all  apparatus 
which  is  locked  when  these  switches  are  closed. 
The  auxiliary  switches  also  operate  the 
indicating  lights,  both  on  this  switchboard 
and  on  the  main  operating  board. 

For  controlling  the  supply  to  these  field 
switches,  there  are  mounted  on  the  upper 
section  of  the  center  panel  one  single-pole, 
single-throw  and  one  single-pole,  double-throw 
switch,  and  also  on  the  feeder  panels  one 
single-pole,  double-throw  switch.  All  three 
of  these  switches  are  pro\-ided  with  red 
handles  to  indicate  that  they  must   not  be 
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opened  when  the  field  switch  is  closed,  in 
order  to  prevent  opening  the  field  circuit  and 
drawing  a  dangerous  arc.  The  single-pole, 
single-throw  .  switch  connects  the  booster 
generator  armature  to  the  local  negative  bus 
and  the  single-pole,  double-throw  switch  on 


OiCJ 


Propeller 


:  Line  Diagram  of  Propuls 
Equipment 

the  feeder  panel  connects  the  field  circuit  to 
either  the  local  negative  bus  or  to  the  booster 
generator.  The  single-pole,  double-throw 
switch  on  the  center  panel  connects  the  field 
to  either  the  positive  or  neutral  bus,  thereby 
providing  a  120  or  240-volt  supply.  With  this 
arrangement  of  switching,  the  main  generator 
field  can  be  supplied  dirsctly  from  either  of 
the  exciters  and  without  the  booster,  in  which 
case  the  exciter  supplying  the  field  will  have  its 
voltage  varied  as  required  for  excitation  and, 
therefore,  cannot  supply  any  of  the  other 
circuits.  Consequently,  it  will  be  necessary 
either  for  the  aft  distribution  board  or  the 
other  exciter  to  supply  all  the  auxiliaries. 
Ordinarily,  the  booster  will  be  used  to  vary 
the  field  voltage,  but  this  provision  of  switch- 
ing is  made  in  case  on-e  or  even  both  boosters 
fail  and  must  be  taken  out  of  circuit. 

The  fields  of  the  exciter  generators  are 
self-excited  through  a  variable  resistance. 
The  booster  motor  fields  are  excited  from  the 
same  source  as  their  armatures.  The  booster 
generator  fields  are  controlled  by  rheostats  in 


the  main  cell  and  they  are  operated  simul- 
taneously with  the  generator  field  switches. 

Constant  Control  Supply- 
On  the  lower  part  of  the  right-hand  panel  is 
mounted  a  special  triple-pole,  double-throw 
transfer  switch  for  supplying,  without  in- 
terruption, the  operating  bus  from  either 
of  the  two  exciters  or  from  the  aft  distribution 
switchboard.  This  switch  is  provided  with 
fuses  and  intermediate  clips  for  connecting 
to  the  resistances.  The  clips  of  the  switch 
are  so  arranged  that  the  operating  circuit  is 
never  broken  (except  voluntarily  hy  removing 
the  fuses)  in  transferring  from  one  source  to 
the  other.  This  is  accomplished  by  the 
insertion  of  a  limiting  resistance  in  the  gaps 
between  the  outer  and  inner  clips  of  each 
pole  on  both  throws.  The  innermost  clips  of 
the  two  throws  are  close  enough  to  be  spanned 
by  the  blades,  and  during  the  act  of  transfer 
current  is  taken  from  both  sources  through 
the  resistance  to  the  control  bus.  The 
resistances  are  designed  to  carry  the  full 
control  current  as  well  as  any  short-circuit 
current  which  might  be  caused  by  a  difference 
of  voltage  between  the  two  sources,  providing 
this  current  is  not  excessive. 

On  the  lower  part  of  the  left-hand  panel  is 
a  triple-pole,  double-throw  switch  for  con- 
necting either  exciter  to  the  inner  throw  of 
the  special  triple-pole  switch  on  the  lower 
part  of  the  right-hand  panel.  The  other 
throw  of  the  special  switch  is  connected  to  the 
aft  distribution  switchboard  supply. 

This  special  arrangement  for  supplying  the 
control  bus  is  necessary,  since  it  is  desired  to 
always  have  constant  voltage  available  for 
the  locking  coils  and  for  controlling  the  sole- 
noid operated  apparatus.  When  either  exciter 
is  being  used  directly  for  generator  field  excita- 
tion, its  voltage  is  varied  so  widely  that  this 
supply  cannot  be  used  for  the  control,  and  in 
this  case  it  is  necessary  to  switch  over  to  the 
other  exciter  or  possibly  to  the  aft  distribu- 
tion switchboard  supply. 

In  case  the  control  bus  were  being  supplied 
from  an  exciter  which  was  supplying  a  field 
in  connection  with  a  booster,  and  the  booster 
failed,  it  would  be  necessary  to  throw  the 
special  triple-pole  switch  to  the  aft  distribu- 
tion supply,  then  the  ordinary  triple-pole 
switch  to  the  other  exciter,  and  then  the 
special  triple-pole  switch  back  to  the  exciter 
supply  contacts.  It  is  assumed  that  such  an 
emergency  would  occur  when  the  ship  was 
underway,  and  therefore  the  aft  distribution 
supply  would  be  available  at  this  switchboard . 
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There  are  oilier  limes,  liowcver,  when  Uiis 
aft  swilehboard  supijly  wmild  not  he  available 
ami,  therefore,  it  eaiinol  he  dcpeiidcd  upon 
at  all  times  for  this  contml  suiiiily,  a  condition 
which  makes  it  necessary  to  use  the  exciters 
also  for  this  purpose. 

In  the  manipulation  of  these  switches,  the 
operator  should  always  be  absolutely  sure 
that  his  control  bus  is  being  supplied  from  a 
constant  source,  and  this  should  be  among 
the  first  operations  performed  on  the  exciter 
switchboard  when  gelling  underway.  By 
using  only  one  operating  bus,  the  possible 
multiphnng  of  different  control  sources  is 
avoided,  and  also  the  operator  has  simply  to 
remember  that  he  has  only  one  control  bus 
to  keep  supplied  at  all  times. 

When  manipulating  these  control  bus 
supply  switches,  the  practice  of  operating  the 
special  throw-over  switch  first  should  always 
be  followed,  since  opening  the  exciter  double- 
throw  switch  would  interrupt  the  control 
bus  unless  at  that  time  it  happened  to  be  on 
the  aft  distribution  supply. 

Auxiliary  Propulsion  Apparatus  Control 

Double-pole,  double-throw  switches  for 
controlling  the  240-volt  motor-driven  engine 
room  auxiliaries  are  mounted  on  the  upper 
sections  of  the  two  end  panels.  The  upper 
throws  are  connected  to  the  bus  fed  by  either 
of  the  two  exciters  and  the  lower  throws  to 
the  bus  fed  by  the  aft  distribution  switchboard. 
The  air-pump  and  hot-well  ptunp  motors  are 
pro\'ided  with  ammeters  operated  by  shunts 
in  the  connection  bars  at  the  rear  of  the 
switchboard.  The  other  three  circuits  have 
removable  links  in  their  connection  bars  for 
the  insertion  of  a  portable  ammeter. 

All  these  vertically-operated  double-throw 
switches  are  pro\-ided  with  lever  type  switch 
stops  for  pulling  up  into  the  lower  cUps  to 
prevent  accidental  closing  of  the  switch  by 
_gra\ity  or  vibration  when  the  switch  is  in  the 
open  position.  When  it  is  desired  to  throw  the 
switch  into  the  lower  position,  these  stops  will 
be  pulled  out  of  the  clips  and  hang  down 
below  them.  Near  the  switch  for  each  main 
motor  ventilating  blower  is  a  red  light 
connected  across  the  motor  armature  to 
indicate  when  it  is  running.  There  are  also 
similar  lights  for  the  motors  of  the  main 
generator  blower  fans  even  though  their  supply 
switches  are  not  on  this  board.  These  lights 
are  very  valuable  to  the  operator  in  the  engine 
room  since  the  motors  are  not  in  sight  and  he, 
of  course,  should  be  watchfully  attentive  to 
ventilation,  especially  at  the  higher  speeds. 


The  triple-pole,  dt)uble-thri)W  switches  for 
the  main  circulating  i)umps  are  also  mounted 
on  the  sub-bases  of  the  end  panels.  The  inside 
throw  connects  to  the  exciter  sujjijly  and  the 
outside  throw  to  the  aft  distribution  supply. 
An  ammeter  is  provided  for  this  circuit  and  is 
operated  by  a  shunt  in  the  positive  leg.  At 
reduced  speeds  these  main  circulating  pump 
motors  will  run  on  120  volts  as  selected  at 
their  starting  control  panel,  which  is  the 
reason  for  the  triple-pole  switches  on  the 
exciter  switchboard.  The  120-volt  supply  is 
taken  from  the  positive  and  neutral,  since 
when  the  field  is  operating  on  120  volts  it 
takes  its  supply  from  the  negative  and  neutral, 
and  these  two  120-volt  loads  tend  to  balance 
each  other  on  the  three-wire  system. 
Rear  of  Switchboard 

On  framework  in  back  of  the  panels  are 
mounted  the  field  switch  solenoid  control 
relays,  field  discharge  resistances,  receptacles 
for  indicating  lights,  auxiliary  switch  for 
field  switches,  and  shunts  for  ammeters. 
Starting  resistances  for  the  booster  motors 
are  mounted  above  the  exciter  field  rheostats. 

The  instnmient  and  control  fuses  and  fuses 
for  protecting  the  field  voltmeter  on  the  main 
control  board  are  also  mounted  on  ebony 
asbestos  wood  bases  in  the  rear  of  this  switch- 
board. In  order  to  avoid  a  mass  of  cables 
close  to  the  back  of  the  switchboard,  thereby 
blocking  access  to  it,  the  outgoing  connections 
to  the  cables  are  brought  to  ebony  asbestos 
wood  supports. 
Operation 

When  getting  underway  the  operation  at 
the  direct-current  s-n-itchboard  should  be  as 
follows : 

1 .  Obtain  the  voltage  supply  from  the  aft 

distribution  switchboard. 

2.  Throw   the   required   main-air,    main 

circulating,  oil,  and  hot-well  pimip 
switches  into  the  lower  cHps  (aft 
switchboard  supply).  These  feed 
the  respective  starting  panels  from 
which  the  operator  now  starts  the 
motors. 

3.  Make  svue  that  every  switch,  except 

those  in  operation  2,  is  in  the  open 
position.  After  the  desired  turbine 
exciter  generators  are  up  to  normal 
speed,  read  the  voltage  on  the 
outside  legs  of  the  generator  in- 
volved. This  will  probably  be  very 
low,  since  the  field  will  be  weak 
due  to  the  fact  that  all  resistance 
will  be  cut  in. 
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4-     Cut   out   the   exciter   field   resistance 
until  the  voltage  rises  to  240  volts. 

5.  If  the  ship  is  to  run  above  17  knots, 

both  exciters  are  to  be  operated  and, 
therefore,  the  two  outside  sets  of 
blades  of  the  special  triple-pole,  six- 
throw  switch  should  be  thrown  on 
the  inner  clips  and  the  center  switch 
blade  should  remain  in  the  open 
position.  If  only  one  exciter  is 
used,  throw  the  outer  blades  to  the 
outer  clips.  This  ties  the  exciters 
to  their  respective  buses. 

6.  Throw  the  switches  already  closed  in 

operation  2  to  the  upper  clips 
(exciter  supply).  If  thrown  over 
quickly,  the  hot-well  pump  motors 
can  be  ' '  caught ' '  to  avoid  restarting 
them;  but  the  operator  stands  ready 
at  the  panel  for  re-starting  the  main 
circulating  and  air  pumps  after  the 
switch  is  thrown  over. 

7.  Throw  the  remaining  feeder  switches 

in  the  upper  throw  for  supplying 
power  to  their  respective  panels. 
At  this  time  start  all  the  pumps,  but 
leave  the  ventilating  motors  until 
the  main  motors  have  started  for 
continuous  running. 

8.  Throw   the   triple-pole,    double-throw 

switch,  on  the  bottom  of  the  left- 
hand  panel,  to  the  exciter  connec- 
tions which  are  to  be  favored  for  the 
control  supply  on  the  particular 
trip.  Then  throw  the  special  triple- 
pole,  double-throw  switch,  on  the 
lower  part  of  the  right-hand  panel 
to  the  inner  throw.  This  energizes 
the  control  buses  with  constant 
potential. 

9.  Throw  in  the  booster  motor  negative 

switch  and  then  the  motor  starting 
switch.  This  operation  will  bring 
the  booster  set  up  to  speed,  since  its 
field  will  have  previously  been 
adjusted. 

Note. — If  the  ship  is  going  to  run  below 
17  knots,  only  one  turbine  gen- 
erator will  be  used  and  therefore 
but  one  booster  set,  in  which  case 
only  its  respective  switches  will  be 
closed,  the  others  remaining  open. 
Otherwise  the  same  operations  as 
for  full-speed  conditions  will  be 
performed. 

10.  Close  the  field  supply  negative  switch 
and  also  thesingle-pole,  double-throw 
switch,  on  the  center  panel,  to  the 


upper  position  if  240-volt  field  sup- 
ply is  desired,  or  to  the  lower  posi- 
tion for  120-volt  supply;  then  close 
the  single-pole,  double-throw  switch, 
on  the  feeder  panel,  to  the  upper 
position  for  connecting  the  field 
to  the  booster  generator.  This 
operation  supplies  current  to  the 
lower  studs  of  the  field  switch 
through  the  booster  generator,  thus 
making  ready  for  connection  to  the 
main  generator  field  circuit.  From 
this  point  on,  the  generator  field 
will  be  controlled  by  the  operator 
in  front  of  the  main  control  board. 
11.  If  at  any  time  either  booster  set  fails, 
the  field  switch  involved  should 
immediately  be  opened  and  the 
single-pole,  double-throw  s'witch  on 
the  feeder  panel  thrown  in  the 
lower  position,  thereby  connecting 
the  field  direct  to  the  bus.  Also, 
the  two  single-pole,  single-throw 
,switches  connecting  the  booster 
motor  and  generator  to  the  negative 
bus  are  to  be  opened,  but  the  starting 
switch  is  to  remain  closed  in  order 
to  have  the  field  switch  in  since 
they  are  mechanically  interlocked. 
These  operations  will  connect  the 
exciter  direct  to  the  field,  in  which 
case  all  auxiliaries  pre\'iously  con- 
nected to  this  exciter  circuit  will 
have  to  be  transferred  to  the  aft 
distribution  switchboard  supply  by 
throwing  their  switches  in  the  lower 
or  outer  throws  as  the  case  may  be. 
If  desired  to  disconnect  the  booster . 
generator  field,  open  the  double- 
pole  switch  on  the  panel  above  the 
main  control  board. 

If  while  running  on  one  exciter  it  should 
fail,  the  following  will  be  the  procedure : 

1.  Throw  the  feeder  switches  to  the  aft 

switchboard  supply  in  the  following 
order : 

Oil    pumps,    operating    bus,    main 

circulating,    main    air,    hot-well, 

and  blowers. 

Note. — The    operator    can    "catch"    the 

hot-well  pumps  and  blower  motors, 

provided  he  is  at  the  board  when 

the    supply    fails    or    when    simply 

changing  over  from  one  source  to 

another. 

2.  Disconnect  the  booster. 
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5.  Start  the  second  exciter  and  tlirow  it 

on  the  bus  feeding  the  field  switch 

to  be  used. 
4.     Throw  the  ojicrating  bus  switch  on  the 

second  exciter  (just  started). 
J.     Start  up  the  booster  set  as  usual  (now 

ready  for  operation) . 

6.  Throw  over  all  the  auxiliary  feeder 

switches  on  the  second  exciter  at 
convenience. 

With  this  particular  arrangement  of  switch- 
ing, it  is  possible  to  obtain  any  combination 
of  exciters,  boosters,  and  aft  distribution 
switchboard  supply.  That  is,  if  either  one 
or  both  of  the  boosters  are  disabled,  either 
exciter  or  both  may  be  used  direct  for  the 
generator  field  excitation  (thereby  making  it 
necessary  to  supply  the  auxiliary  circuits  from 
the  aft  distribution  switchboard)  or  any  com- 
bination invohnng  one  or  both  boosters,  or 
neither  of  them.  In  case  of  both  exciters 
failing,  the  aft  distribution  supply  may  be 
used  for  one  field  circuit  and  all  auxiliaries  by 
disconnecting  the  leads  from  one  exciter  and 
throwing  the  center  set  of  blades  of  the  six- 
pole  switch  to  the  exciter  clips  from  which  the 
leads  were  disconnected,  ,  and  the  opposite 
main  switch  to  the  outer  throw. 

The  central  blades  of  the  special  triple-pole, 
six-throw  transfer  switch  must  never  be 
thrown  in  either  set  of  clips  until  the  lights 
connected  to  them  are  out,  indicating  that 
the  line  between  this  switch  and  the  aft 
distribution  switchboard  is  dead;  otherwise 
the  exciter  may  be  thrown  directly  on  240 
volts  from  the  aft  distribution  board,  thereby 
short  circuiting  its  armature. 

MOTOR  DRIVEN  AUXILIARIES 

Not  only  is  the  propulsive  power  obtained 
by  electrical  means,  but  also  most  of  the 
auxiliary'  apparatus -necessarj^  for  the  complete 
operation  of  the  turbine  generators  and 
motors  is  electric  driven.  The  hazard  of 
failure  in  electrical  machinery  is  no  longer 


Quan- 

Service 

RATING    OF  MOTOR 

tity 

H.P.             Volts 

2 
2 
4 
2 
8 

Main  circulating  pump.  . 

Main  air  pump 

Forced  lubrication  pump . 

Hot-well  pump 

Main    motor    ventilation 
fans 

250 

40 
10 
20 

8H 

120  or  240 
240 
240 
240 

240 

feared;  and  even  though  the  initial  cost  may 
l)e  slightly  more  than  for  steam  driven 
auxiliaries,  still  the  economy  after  installation 
is  sulliciently  marked  to  warrant  the  electric 
driven  ones.  The  ])articular  auxiliaries  in- 
volved in  this  installation  are  listed  in  the 
table  on  this  page,  and  a  brief  description  is 
given  of  their  control. 

The  motor  of  each  auxiliary  is  controlled  by 
a  separate  starting  panel  for  which  there  is  a 
lever  switch  on  the  exciter  switchboard. 
These  panels  are  located  near  the  motors  and 
are  enclosed  in  sheet-steel  cabinets  provided 
with  convenient  doors  and  locks. 

For  the  main  circulating  pumps,  series 
relays  and  shunt  contactors  are  employed. 
After  the  operator  closes  the  starting  switch, 
the  motor  comes  up  to  speed  automatically 
by  the  closing  of  contactors  in  proper 
sequence.  Overload  protection  is  afforded  by 
a  series  overload  relay  in  conjunction  w'ith  the 
shunt  contactor  in  the  line.  By  means  of  a 
single-pole,  double-throw  switch onthestarting 
panel,  120  or  240  volts  may  be  delivered  to  the 
motor  for  obtaining  different  speeds.  Fig.  9 
is  a  photograph  of  this  panel  and  Fig.  10  a 
diagram  of  its  connections. 

The  starters  for  the  main  air,  forced 
lubrication,  and  hot-well  motor  pumps  employ 
series  accelerating  contactors;  and  after  the 
starting  button  is  closed,  the  contactors 
operate  consecutively  for  cutting  out  resist- 
ance, the  last  one  closed  sufficing  also  for 
main  line  connection.  It  has  a  shunt-wound 
coil  to  release  at  low  potential  in  order  to 
provide  under-voltage  protection  and  open  on 
failure  of  supply.  In  either  case,  the  main 
contactor  will  drop  out,  making  it  necessary  to 
start  the  motors  again.  Overload  protection  is 
obtained  by  means  of  a  series  relay  with  its 
contacts  engaging  the  shunt  coil  of  the  line 
contactor. 

The  panels  for  controlling  the  ventilating 
motors  for  the  main  motors  are  equipped  with 
a  hand  starter  and  a  line  contactor,  the  shunt 
coil  of  which  causes  it  to  drop  out  on  low 
voltage  as  well  as  a  failure  of  the  supply. 
When  starting,  the  operator  holds  down 
the  latch  in  the  handle  until,  at  the  end  of 
travel,  it  rides  up  and  into  a  notch  and  locks 
the  arm  against  opening  under  shock.  If  the 
line  contactor  goes  out,  it  is  therefore  neces- 
sary- to  bring  the  arm  to  the  open  position  for 
starting  again.  Overload  protection  is 
obtained  by  the  use  of  fuses  on  the  main  line 
switch,  and  speed  regulation  by  varj-ing  the 
shunt  field  through  a  rheostat  combined  with 
the  starter. 
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CABLES 

The  cable  problem  incident  to  electric  drive 
is  by  no  means  a  small  one,  but  in  this  article 
only  its  most  important  features  will  be 
touched  upon. 

All  cables  carrying  direct  current  are 
insulated  with  pure  Para  rubber,  lead  covered, 
and  protected  by  an  armor  of  woven  gal- 
vanized steel  wire.  This  armor  is  further 
protected  against  corrosion  by  a  coat  of  red 
lead. 

The  main  generator  and  motor  cables, 
which  carry  alternating  current,  have  a  fiber 
core,  pure  Para  rubber  insulation,  and  a 
covering  of  asbestos  braid  filled  with  fire- 
resisting  paint. 

Where  it  is  necessary  to  carry  cables 
through  a  bulkhead,  as  is  the  case  from  the 
control  cell  to  the  outboard  motors,  a  bulk- 
head plate  is  employed.  It  consists  of  studs 
leading  through  bakelite  insulators  mounted 
on  an  alloy  base  with  a  water-tight  joint 
between  it  and  the  bulkhead.  An  alloy 
base  is  necessary  to  avoid  heating  due  to 
eddy  currents.  Terminals  are  provided  on 
each  end  of  the  studs  for  cable  connections. 
This  construction  is  also  used  for  generator 
leads,  except  that  it  is  combined  with  the 
generator  disconnecting  switch  itself  since  the 
turbine  generators  are  located  in  compart- 
ments separate  from  the  control  cell.  Cables 
from  the  terminal  studs  on  the  generators  run 
along  the  bulkheads  on  special  racks,  using 
bakelite  cleats  to  eliminate  trouble  due  to 
shock.  To  protect  these  cables,  as  well  as  the 
connection  studs  and  insulators  from  the 
harm  due  to  the  condensation  of  steam  which 
may  escape  from  the  turbine,  sheet  iron 
covers  have  been  provided.  Warm  air  gen- 
erated in  the  cables  is  led  through  a  pipe  in 
the  top  of  the  cover  to  the  ventilating  system 
of  the  generator.  On  at  count  of  the  abnormal 
strain  and  whip  of  the  bulkheads,  due  to  gun 
fire,  special  attention  has  been  given  to  the 
supporting  of  all  cables,  especially  the  larger 
ones. 

CONTROL  CELL 
Construction 

The  cell  is  constructed  mostly  of  channel 
and  angle-iron,  forming  supporting  members 
within  for  oil  circuit  breakers,  booster 
rheostats,  instrument  transformers,  buses,  and 
connections  with  the  necessary  insulators. 
It  is  enclosed  with  grille  work  for  the  protection 
of  the  operator.  Without,  on  each  side,  and 
in  the  rear  of  the  cell  are  mounted  the  motor 

*Figs.2,  3,  4  and  5.  "The  Main  Control  Equipment  of  the  New 
Mexico,"  by  C.  T.  Hentschel,  page  261. 


disconnecting  switches.  Part  of  the  ceU 
front  is  formed  by  ebony  asbestos  panels  on 
which  are  mounted  instruments,  meters, 
lights,  transfer  switches,  gauges,  indicators, 
and  revolution  counters.  On  the  steel  panels, 
which  also  form  a  part  of  the  cell  front,  are 
mounted  under-current  relays  and  the  field, 
steam,  and  speed  levers  with  their  interlocks. 
Just  below  the  gauge  panels  are  the  balance 
relays  and  in  the  front  of  the  cell,  supported 
on  the  floor,  are  the  operating  levers  for  the 
oil  circuit  breakers.  At  each  side  of  the  cell, 
and  mounted  in  the  bulkheads,  are  the 
generator  disconnecting  switches. 

Fig.  5  is  a  diagram  of  this  control  switch- 
board and  certain  photographs  in  another 
article  in  this  issue  show  details  of  the  con- 
struction.* 

Turbine  Control 

The  turbines  at  maximum  efficiency  run 
with  2S.5-in.  vacuum  and  at  about  1950  r.p.m. 

After  the  proper  steam  conditions  have 
been  reached  the  boiler  room  reports  to  the 
control  room.  The  necessary  auxiliary  appa- 
ratus is  then  started  and  the  control  operator 
requests  that  the  desired  turbine  be  started  by 
the  main  throttle  valve.  The  turbine  will 
then  attain  a  speed  equivalent  to  the  setting  of 
the  steam  and  speed  levers  at  the  control 
board.  The  control  operator  will  then  adjust 
these  levers  for  speeding  up  and  operating 
the  emergency  trip,  which  when  operated  also 
closes  the  throttle  valve.  He  will  at  this  time 
apply  current  to  the  main  generator  field 
to  obtain  voltage  for  operating  the  potential 
transformers  which  control  the  speed  in- 
dicators and  afford  the  operator  a  means  of 
knowing  the  turbine  speeds.  The  control 
operator  will  then  throw  off  the  speed  and 
field  levers  and  will  telephone  the  turbine 
attendant  to  reset  the  emergency  trip  and 
open  the  throttle  valve. 

The  speed  lever  simply  adjusts  the  governor 
for  regulating  the  speed  of  the  turbine,  but 
this  speed  in  turn  is  dependent  upon  a  steam- 
limit  lever  which  governs  the  number  of 
valve  openings.  If  the  speed  lever  were  set 
for  a  higher  speed  than  the  valve  openings 
would  permit,  the  governor  arm  would  come 
up  against  a  stop  on  the  limit  links  and  cause 
the  turbine  to  eventually  settle  at  that  speed, 
or  with  increased  load  would  slow  down. 
The  limit  stop,  however,  does  not  prevent  the 
governor  from  closing  all  the  valves  at  any 
time.  To  provide  the  control  operator  with  a 
constant  knowledge  of  the  proximity  of  the 
governor  arm  connection  link  to  the  steam- 
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limit  stop,  a  special  auxiliary  switch  lias  hcc-n 
comhinod  with  the  stoji  and  o]KTatcs  a  red 
and  a  white  light  just  above  the  si)ecd  levers 
on  the  control  board.  When  the  link  is  about 
half  an  inch  away  from  the  stop  the  while 
lii,'lU  burns,  when  one  eif^hth  inch  away  both 
lij^hts  burn,  and  when  against  it  the  red  light 
alone  burns.  The  purpose  of  the  steam- 
limit  lever  is  to  prevent  the  motors  from  falling 
out  of  step  and  to  protect  the  boilers  and 
turbines  from  sudden,  abnormal,  and  harmful 
demands  w-hen  the  ship  is  turning  or  when 
there  is  a  heavy  sea 

When  running  steadily  the  steam-limit 
lever  is  set  to  give  ample  margin  for  the  usual 
smallvariations  and  this  margin  is  such  that  the 
white  light  burns.  The  operator  therefore  en- 
deavors to  keep  this  condition,  but  if  occasion- 
ally both  lights  or  even  the  red  light  alone 
burns  there  need  be  no  alarm  since  this  w^ould 
happen  in  a  heavy  sea.  If,  however,  the 
red  light  continues  to  burn  and  the  ship  is  not 
turning  or  any  other  such  conditions  exist, 
the  operator  should  reset  the  steam-limit 
lever  to  have  only  the  white  light  burn,  since 
the  desired  speed  of  the  ship  is  evidently  being 
restricted  by  the  steam-limit  lever.  If  very 
little  or  no  margin  at  all  is  desired,  the  red 
light  will  be  kept  burning,  but  at  the  present 
time  this  does  not  seem  to  be  desirable. 

The  speed  lever  is  pro\'ided  with  a  vernier 
for  obtaining  small  increments  of  speed,  and 
in  its  minimum  position  the  turbine  runs  at 
about  700  r.p.m.  Also,  the  minimum  posi- 
tion of  the  steam-limit  lever  permits  tw-o 
valves  to  be  open.  This  means,  therefore, 
that  the  turbine  cannot  be  shut  down  by 
means  of  these  levers  at  the  control  board; 
and  in  order  to  accomplish  a  shut-down,  an 
emergency  trip  handle  has  been  installed  and 
is  operated  from  the  front  of  the  control 
board.  The  usual  gauges  for  turbines  are 
mounted  on  the  front  ■•of  the  control  board 
and  are  listed  in  the  tabulation  accompanving 
Fig.  5. 

Generator  Control 

Before  starting  a  run  the  generators  are 
tried  out  by  connecting  the  motor  load  to 
them  and  just  turning  over  the  propellers  as 
out-lined  in  the  method  of  operation  given 
later  in  this  article. 

The  field  lever  controls  the  operation  of  the 
generator  field  switch  on  the  exciter  board  as 
well  as  the  rheostats  inside  the  cell  for  the 
field  of  the  booster  generators.  On  the  panel 
section,  above  the  field  levers,  are  pairs  of  red 
lights  to  indicate  when  the  field  switch  is  closed 


and  green  lights  when  it  is  ojien.  When  the 
lever  is  in  a  vertical  position,  buttons  on  the 
booster  rheostat  are  engaged  for  energizing  the 
trip  coil  of  the  field  switch;  and,  when  partly 
moved  out,  other  buttons  are  engaged  for 
energizing  the  closing  coil.  From  this  point, 
resistance  is  cut  in  to  reduce  the  voltage  from 
maximum  buck  to  zero  (or  no  field  on  the 
booster  generator) .  Here,  the  field  is  reversed 
and  resistance  cut  out  to  proceed  to  maximum 
boost.  This  produces  over  excitation  for  the 
main  generator  field  and  is  used  only  when 
pulling  the  motors  into  step.  The  last  few 
degrees  of  the  lever  operation  are  opposed  by 
a  spring  to  guarantee  the  return  of  the  lever 
to  a  safe  continuous  value  for  the  generator 
field.  It  is  i)ossible  to  select  at  the  exciter 
board  either  120  or  240  volts  for  field  supply, 
but  ordinarily  240  volts  is  used  in  order  to  be 
ready  for  reversing  when  called  upon  at 
higher  speeds. 

If  it  is  known,  however,  that  the  ship  will 
continue  at  a  comparatively  low  speed  for 
some  time,  the  120-volt  source  may  be  used 
since  sufficient  excitation  may  be  obtained 
b}^  means  of  the  booster  to  reverse  under 
these  conditions. 

Proper  excitation  of  the  main  generator  is 
very  important  in  order  to  prevent  the  motors 
from  falling  out  of  step  and  also  to  produce 
maximum  efficiency.  In  order  to  obtain  the 
best  power-factor  and  least  possibility  of 
overheating  the  generator  under  ordinary 
running  conditions,  only  enough  margin  in 
the  field  currents  should  be  used  to  prevent 
the  motors  from  dropping  out.  Of  course, 
when  maneuvering  considerable  margin  will 
be  held.  The  power-factor  of  the  outfit  is 
ordinarily  around  75  per  cent  at  the  best 
speeds.  It,  however,  is  considerably  lower 
under  certain  conditions  when  the  generators 
are  somewhat  over-excited  for  the  corre- 
sponding speed.  To  assist  the  operator  in 
determining  the  proper  field  current,  a  chart 
has  been  prepared  which  gives  the  proper 
values  at  the  different  speeds  and  under  the 
different  conditions. 

The  field  ammeter  has  a  red  mark  at  330 
amperes  indicating  the  maximum  continuous 
field  for  the  main  generator.  When  over- 
exciting,  how^ever,  the  current  momentarily 
goes  considerably  above  500  amperes. 

The  necessary  indicating  instruments,  listed 
in  the  tabulation  accompam-ing  Fig.  2,  have 
been  provided  for  the  generators,  and  no 
detail  mention  is  required  except  to  state 
that  they  are  subject  to  unusually  strenuous 
variations  in  voltage,  current,  frequency,  and 
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power-factor  incident  to  the  several  speeds 
of  the  ship.  The  generator  ammeters  have 
extensive  scales  to  indicate  the  amount  of 
current  taken  when  pulling  the  motors  into 
step.  The  speed  indicators  have  three  scales, 
one  for  the  generator,  one  for  the  motor  on 
24-pole  connection,  and  the  third  for  the 
motors  on  .36-pole  connection.  All  instru- 
ments have  specially  marked  scales  to  assist 
in  speedy  reading. 


An  eight-pole,  double-throw  enclosed  dis- 
connecting switch  is  provided  for  each 
generator.  To  this  switch  are  attached  the 
eight  leads  from  the  four  windings  in  the  main 
generator,  and  the  studs  are  so  inter-connected 
that  the  aft  throw  ties  the  windings  in  a 
parallel  arrangement  for  3000  volts  and  the 
forward  throw  in  a  square  arrangement  for 
4242  volts.  These  switches  are  mounted  on 
bulkheads  at  either  side  of  the  control  cell 
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Fig.   7.  _  wiring  Diagram,   Alternating-current  Switchboard 
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ami  k'tids  from  llioni  arc  allarla'd  lo  thi.'  main 
f^eiK-rator  buses  al  the  top  of  Ihc  cell.  They 
arc  intcrlockcii  with  each  other  and  the  bus 
tie  switch,  so  that  only  two  of  these  three 
switches  can  be  closed  at  the  same  time;  and, 
when  the  bus  section  switch  is  in,  the  closed 
jjenerator  switch  must  be  in  the  low-voltage 
position. 

When  both  generators  are  running  and  the 
bus  section  switch  is  out,  the  generator 
switches  should  be  in  the  high-voltage 
position,  although  this  is  not  absolutely 
necessary  and  is  not  so  interlocked.  It  is 
evident  from  these  interlocks,  however,  that 
the  generators  can  never  be  run  in  multiple. 

When  running  one  generator  and  four 
motors  at  maximum  conditions,  the  high 
current  required  naturally  demands  the  low- 
voltage  connection,  since  with  the  high- 
voltage  connection  the  generator  would  be 
over  heated  if  called  upon  to  deliver  the  same 
amount  of  current.  Also,  when  both  genera- 
tors are  running  and  each  is  supplying  two 
motors,  the  generators  should  be  in  the  high- 
voltage  connection  for  best  efficiency  and 
least  slip  of  the  motors  at  high  speeds,  since 
the  variation  in  the  speed  of  an  induction 
motor  should  be  accompamed  by  a  corre- 
sponding variation  in  voltage. 

For  protection  against  short  circuits  and 
grounds  in  the  windings  and  trouble  in  the 
line,  a  balance  relay  is  provided  for  each 
generator  circuit.  It  consists  of  six  units 
with  four  coils  operated  hj  current  trans- 
formers in  the  winding  connections  before 
reaching  the  generator  disconnecting  switch, 
and  the  other  two  coils  operated  by  current 
transformers  in  the  phases  beyond  the  dis- 
connecting switch.  The  six  units  are  tied 
together  by  a  system  of  links  and  if  the 
currents  in  all  the  coUs  are  balanced  or 
nearly  so  the  relay  will  not  operate,  but  as 
soon  as  sufficient  unbalance  occurs,  as  caused 
by  the  flow  of  current  across  a  short  circuit 
or  to  the  ground  in  any  part  of  the  system, 
the  plungers  of  one  or  more  units  will  be 
pulled  down  and  close  the  contacts  to  the 
120-volt  direct-current  circuit  through  the 
main  generator  field  switch  trip  coil.  When 
the  generator  is  connected  for  high  voltage, 
the  ampere-turns  on  each  of  the  four  coils 
are  sufficient  to  produce  the  same  pull  as 
each  of  the  other  two  coils,  which  have  the 
\/~2  times  as  many  ampere-turns  and  are 
operated  by  current  transformers  of  double 
size.  When  connected  for  low  voltage, 
however,  even  though  the  current  in  the  two- 
phase  coils  is  the  same  as  that  in  the  winding 


coils,  still  the  pull  is  considerably  more,  due  lo 
the  larger  number  of  ampere-turns,  and 
consequently  an  unbalance  between  the  phase 
and  winding  units  would  occur  were  it  not 
jircvented  by  a  stop  in  the  link  mechanism. 

It  is  necessary  to  have  the  two-jjhase  units 
in  addition  to  the  four  winding  units  in  order 
to  give  ])rotection  in  case  of  a  neutralizing 
unbalance  in  the  generator  itself.  If  such 
occurred,  there  would  be  a  resultant  unbalance 
in  the  line  coils  even  though  the  winding 
coils  may  be  balanced  with  reference  to  each 
other. 

When  reversing  the  ship  at  full  speed, 
high  currents  are  required  at  low  frequency. 
Were  it  not  for  the  dashpots  on  the  ends  of 
the  cores  of  each  unit  of  the  balance  relays, 
and  also  the  special  springs  in  their  balancing 
barrels,  the  units  being  in  difTerent  phases 
would  respond  to  the  alternations  of  current, 
and  operate  the  contacts.  Consequently  the 
field  switch  would  be  opened,  thereby  cutting 
off  the  generator  supply  to  the  motors  and 
stopping  the  ship. 

Main  Motor  Control 

A  slip  of  one  to  two  per  cent  is  possible 
between  the  motors  and  the  generators,  and 
when  the  motors  are  out  of  step  their  speed 
is  about  70  per  cent  of  normal.  To  put  the 
motors  back  in  step,  over  excite  as  when 
starting  and  slow  down  the  generator  until 
the  motors  pull  into  step,  after  which  increase 
the  generator  speed  to  normal  and  increase 
the  running  field  slightly  to  hold  the  motors  in 
step.  If  they  are  left  out  of  step,  they  will 
soon  be  damaged  due  to  over-heating,  since 
appreciable  slip  is  accompanied  by  large  idle 
currents  and  reduced  voltage.  When  revers- 
ing the  motors  at  high  speed,  as  soon  as  they 
show  evidence  of  falling  into  step  the  steam  to 
the  turbine  should  be  increased  to  carry  the 
load  imposed  and  to  prevent  the  motors  from 
falling  out  of  step. 

Each  of  the  four  motors  has  an  eight-pole, 
single-throw  switch  mounted  at  the  top  of  the 
cell  and  used  to  disconnect  the  motors  when 
they  are  not  in  use.  The  switches  are  enclosed 
in  a  sheet  steel  cover  for  protection  and  are 
operated  by  a  lever.  This  lever  is  prox^ided 
with  a  stop  to  prevent  falling  out  under  jar 
and  is  manipulated  by  means  of  a  hook. 
The  arrangement  of  buses  and  connections  in 
the  cell  is  such  that  the  motors  are  operated 
in  pairs,  each  pair  being  provided  with  a 
special  six-pole  double-throw-  pole  changing 
oil  circuit  breaker  and  a  three-pole,  double- 
throw,  reversing  oil  circuit  breaker. 
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The  rotors  of  the  motors  are  of  the  double- 
squirrel  cage  construction  with  a  high- 
resistance  winding  in  the  top  of  the  slot  for 
producing  high  torque  when  starting  and  a 
low-resistance  winding  in  the  bottom  of  the 
slot  for  normal  and  efficient  running  when  the 
motor  is  up  to  speed. 

Also,  the  motors  have  their  stator  windings 
arranged  for  obtaining  a  24-pole  connection  for 
higher  speeds  and  a  36-pole  for  lower  speeds. 
The  main  generator  has  two  poles  and 
therefore  the  speed  reduction  is    12   to   one 


for  the  24-pole  connection  and  IS  to  one  for 
the  36-pole. 

The  36-pole  connection  is  usually  employed 
when  starting  and  always  when  reversing, 
since  the  greatest  torque  is  produced  with  the 
largest  speed  reduction.  This  matter  is  so 
important  that  an  interlock  is  included 
between  the  pole  changing  and,  reversing 
levers  to  prevent  a  24-pole  connection  being 
employed  when  reversing.  These  levers  are 
also  interlocked  with  the  field  lever  so  that 
thejr  cannot  be  operated  when  their  respective 
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Fig.   8.      Wiring  Diagram  of  Control   Circuits  for   Alternating-current  and  Direct-current   Switchboards 
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I'u'ld  swiii'li  is  closed.  I'^irtlicnnoro,  none  of 
llu-  oil  (.'iix'uit  brct\kcrs  can  he  opcnilcd  when 
cillicr  field  switch  is  closed,  unless  the 
circuits  in  which  they  are  connected  are  dead, 
which  would  be  true  when  the  bus  section 
switch  is  oi)en.  In  addition  to  these  inter- 
locks, a  maj^nctic  lock  is  provided  for  each 
oil  circuit  breaker  and  is  controlled  by 
one  under-current  relay  for  each  pair  of 
motors.  These  two  interlocks  ])revent  opcrat- 
ini^  the  oil  circuit  breakers  under  heavy 
cm-rents  at  hi^h  voltage  and  relieve  possible 
abuse  to  the  main  generators. 

The  imder-current  relay  has  two  coils 
connected  in  multiple  and  to  the  secondary 
of  the  two  motor  current  transformers. 
Since  the  coils  are  located  differently  in  the 
magnetic  field,  their  torque  is  not  the  same 
and  it  is  necessary  to  connect  them  in  multi- 
ple. Although  the  relays  are  operated  by 
the  same  current  transfonner  as  the  motor 
instruments,  the  cross  current  in  them  is  not 
objectionable  since  the  error  introduced  is 
negligible.  This  arrangement  would  not  be 
required  if  both  motors  of  either  pair  were 
always  in  circuit  since  the  required  current 
would  be  in  each  coil  and  the  combined 
torque  sufficient  to  operate  the  relay  at  the 
set  value  of  0.75  of  an  ampere,   permitting 
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the  oil  circuit  breakers  to  open  a  correspond- 
ing primary  current.  If,  however,  only  one 
of  the  pair  of  motors  was  in  and  the  coils  of 
the  relay  were  not  in  multiple,  the  current 
required  to  operate  the  relay  by  use  of  one  of 
its  coils  would  either  be  more  or  less  than 


twice  that  required  by  the  two  coils  deijcnding 
on  the  motor  used ;  whereas  if  the  coils  were  in 
multii)le  it  would  be  just  twice,  and  therefore 
the  oil  circuit  breakers  would  always  open  the 
same  amount  of  current  regardless  of  the 
generator  and  motor  arrangements. 
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Fig.   10.     Wiring  Diagram  of  Starting  Panel  for  Main 
Circulating  Pump  Motor 

When  the  field  has  been  taken  off  the 
main  generator,  the  speed  has  also  been 
reduced,  since  the  minimum  setting  of  the 
speed  lever  is  required  because  of  the  inter- 
lock with  the  field  lever.  The  voltage  of  the 
generator  therefore  drops  rapidh'  and  conse- 
quently the  current  in  the  line.  This  allows 
the  under-current  relay  to  operate  its  contacts 
and  relieve  the  magnetic  lock  on  the  oil 
circuit  breakers.  A  blue  light  is  located  just 
above  each  relay  and  is  connected  in  multiple 
with  the  magnetic  lock.  When  the  relay 
functions  the  light  goes  out,  indicating  to  the 
operator  that  the  oil  circuit  breakers  ma}'  then 
be  opened.  This  relay  opens  its  contacts 
when  0.75  ampere  is  flowing  in  the  secondary 
of  the  current  transformers.  When  pulling 
the  motors  into  step,  considerable  current  is 
required  and  the  relay  always  picks  up  so 
that  these  relays  are  usually  closed  unless 
the  current  in  the  secondary  is  below  0.75 
ampere,  which  happens  at  the  very  low 
speeds  and  thus  allows  the  oil  circuit  breakers 
to  be  opened  immediately  after  the  field  cir- 
cuit breaker  is  opened. 
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An  emergency  pull  button  is  mounted  on 
the  frame  of  the  under-current  relay  to  open 
the  contacts  in  case  these  contacts  fail  to 
operate,  but  this  is  not  to  be  used  except 
when  absolutely  necessary. 

Each  motor  is  provided  with  an  ammeter 
and  a  watthour  meter.  A  current  trans- 
former for  each  motor  and  a  potential  trans- 
former for  each  pair  of  motors  are  mounted 
inside  the  cell.  Since  the  current  transformer 
is  located  in  only  one  half  of  one  phase,  it  is 
necessary  to  provide  a  scale  on  the  ammeter 
to  indicate  twice  the  current  actually  flowing 
in  order  to  obtain  full  current  in  each  phase. 
In  the  case  of  the  watthour  meter,  this  matter 
has  been  taken  care  of  in  the  gear  ratio. 

For  each  propeher  there  is  supplied  a 
direction  indicator  and  also  a  speed  indicator. 
The  former  is  pneumatically  operated,  while 
the  latter  is  electrically  operated  and  involves 
the  use  of  a  quarter-phase  generator  geared 
to  the  propeller  shaft. 

The  main  relaying  counter  is  probably  the 
most  valuable  instrument  in  connection  with 
the  propeller  speeds  since  it  records  the  speed 
of  each  propeller,  averages  the  speeds  of  the 
port  or  starboard  propellers  and  also  averages 
the  speed  of  all  four  propellers.  There  is  also 
a  means  provided  for  transmitting  this  infor- 
mation to  the  bridge.  By  the  use  of  a  stop 
watch  it  is  possible  to  obtain  the  actual  speed 
of  each  propeller  shaft.  This  is  ordinarily  the 
method  followed  by  the  opei^ator. 

Manipulation 

In  all  cases  assume  that  the  turbines  are 
running  at  the  puUing-in*  speed  of  the  motors 
which  is  abotit  700  r.p.m.  (the  steam  limit 
and  speed  levers  are  back  against  the  stops) 
and  that  240-volt  current  is  available  at  the 
studs  of  the  field  switch.  The  "hands  off" 
signal  and  stop  will  be  put  over  the  idle 
levers  in  case  only  one  generator  is  running. 


*  Pulhng-in  speed  is  that  speed  of  the  generators  which  permits 
the  motors  to  pull  into  step  when  reversing  at  full  speed  of  the 
ship  without  waiting  for  the  ship  to  decelerate. 


The  most  popular  speeds  are  listed  in 
Table  I  and  the  manipulation  of  the  apparatus 
for  obtaining  them  is  given  in  detail. 

Condition  No.  1 

(a)  All    the    switches    open    except    the 

motor  disconnecting  switches. 

(b)  Close  the  bus  section  switch. 

(c)  Close  the  proper  generator  disconnect- 

ing switch  in  the  low-voltage  posi- 
tion. 

(d)  Throw  the  pole  changing  levers  to  the 

36-pole  position. 

(e)  Throw    the    reversing    levers    to    the 

"ahead"  position. 

(/)  Pull  down  the  proper  field  lever, 
thereby  closing  the  main  generator 
field  switch  and  producing  over 
excitation  for  pulling  in  the  motors. 

(g)  When  the  motors  are  in  step,  their 
currents  will  drop  from  a  high  to  a 
steady  normal  running  value  at 
which  time  the  field  lever  should  be 
brought  back  to  the  notched  operat- 
ing section  of  the  quadrant  for 
obtaining  and  holding  normal  run- 
ning field  current. 

(/;)  Adjust  the  speed  lever  for  the  proper 
generator  speed  corresponding  to 
the  desired  revolutions  per  minute 
of  the  propellers. 

(j)  Along  with  operation  (/;),  adjust  the 
steam  limit  lever  to  light  the  white 
indicating  lamp  near  the  speed  lever. 

Condition  No.  2 

Proceed  as  in  Condition  1,  except  the  pole 
.    changing  levers  should  be  thrown  in 
the  24-pole  position. 

Condition  No.  3 

(a)  All  the  switches  open,  except  the  motor 

disconnecting  switches. 

(b)  Open  the  bus  section  switch. 

(c)  Close     the     generator     disconnecting 

switches  in  the  high-voltage  position. 


TABLE   I 
SPEED   CONDITIONS 


Condition 

Speed  m 
Knots 

Number 

of 

Generators 

Connection 
of  Generators 

Number 

of 
Motors 
Used 

Pole 
Connection 
of  Motors 

Position 

of  Bus 

Section  Switch 

Approx- 
imate 
Efficiency 

I 

11 
in 

IV 
V 

0-15 

15-17 

17-Full 
Backing  about  10 
Backing  about  10 

1 

1 
2 

1 
2 

Low  Voltage 
Low  Voltage 
High  Voltage 
Low  Voltage 
High  Voltage 

t 

4 

.      4 

4 

36 
24 
24 
36 
36 

Closed 

Closed 

Open 

Closed 

Open 

93.5 
93.0 
95 
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(J)     Throw  llic  |)(ilc  clian^^'inj;  levers  to  the 

24-])olo  ])(isili(>ii, 
((•)     Throw    the    reversing;    lovers    in    the 

"ahead"  position. 
if)     Proceed    as   in    (,<;),    (It),   and   (j)   of 

Condition     I,     except     with     both 

{.generators  instead  of  one. 

Condition  A'o.  .{ 

Proceed  as  in  Condition  1,  except  the 
reversing  levers  should  be  thrown 
in  the  "back"  position. 

Condition  No.  o 

Proceed  as  in  Condition  '.i.  except  throw  the 
pole  chanj^injj  Ie^■er  in  the  3()-pole 
position  and  the  reversing  lever  in 
the  "back"  position  (this  arrange- 
ment is  not  used  unless  both 
generators  are  in  use  immediately 
preceding  the  signal  to  back). 

The   information    given   in  Table  II   was 
calculated  from  results  on  second  trial  trip. 

TABLE  11 

SPEED   DATA 

Approximate 


R.P.M.  of 
Propellers 


7.5 

60 

1350 

8 

63.5 

1800 

9 

71.0 

2450 

10 

78.5 

3200 

11 

85.8 

4050 

12 

93 

5000 

13 

100 

6100 

14 

107.4 

7450 

15 

115.5 

9200 

16 

124 

11300 

17 

133 

13900 

18 

141 

17050 

19 

150.5 

20750 

20 

157 

24400 

21 

166.5 

29100 

21.5 

172.5 

33000 

Getting  Under  Way 

When  getting  under  way  from  h'ing  at 
anchor,  the  time  for  starting  is  usually  given 
to  the  chief  engineer  sufficiently  early  for  him 
to  make  sure  that  the  boiler  room  force  has 
the  opportunity  to  get  up  the  250-pound 
pressure  50-degree  superheated  steam  in  the 
required  number  of  oil  burning  boilers.  This 
number  is  determined  by  the  speed  which  the 
ship  expects  to  attain  since  all  the  boilers 
are  not  required  except  for  full  speed.  They 
are  arranged  in  three  rooms  each  with  seven 


burners  and  usually  one  or  more  of  those 
seven  are  retained  as  spares.  f)nc  boiler 
room,  of  course,  is  always  o])erating  to  take 
care  of  the  shijj's  miscellaneous  re()uirements. 
Ordinarily,  about  one  hour  is  required  to 
start  with  a  cold  boiler  and  bring  the  steam 
to  the  ])roijer  conditions,  but  this  time  may 
be  reduced  somewhat,  if  necessary.  The 
draft  in  the  boiler  room  is  obtained  by  a 
slight  air  pressure  which  must  be  closely 
watched  because  of  the  danger  of  back  drafts 
from  the  burners.  After  the  required  steam 
is  available,  the  engine  room  force  must  see 
that  the  necessary  auxiliaries  are  running  as 
set  forth  in  the  method  of  operation  under 
the  description  of  the  exciter  switchboard,  and 
also  that  the  turbines  are  running  at  low 
speed.  At  this  point  the  engineer  tries  out 
his  outfit  by  closing  the  bus  section  and  motor 
disconnecting  switches,  one  generator  switch 
on  low  voltage  and  both  pole  changing 
switches  in  the  3()-pole  positions  with  the 
reversing  switch  either  "ahead"  or  "back." 
He  will  then  pull  down  the  field  lever  thereby 
throwing  in  the  field  swatch  and  obtaining 
the  necessarj-  over  excitation  for  turning 
the  motors  over.  The  motors  when  starting 
from  rest  will  build  up  speed  along  with  the 
generators. 

The  engineer  in  charge  is  now  ready  to 
respond  to  any  signal  from  the  bridge  and 
probably  the  first  one  will  be  on  the  revolution 
telegraph  indicator  gi^^ng  the  number  of 
revolutions  of  the  propeller  which  the  officer 
in  charge  has  decided  upon  for  beginning  the 
trip.  After  recei\4ng  the  signal  the  operator 
replies  by  turning  the  digit  wheels  on  the 
telegraph  indicator  to  the  same  number  of 
revolutions  per  minute.  The  port  and  star- 
board speed  telegraphs  are  mounted  on 
pedestals  in  front  of  the  control  cell ;  they  are 
electrically  operated  and  pro-\-ide  the  signals 
"stop."  "1  3,"  "2  3"  and  "standard  speed 
ahead  "  or  "  back. ' '  A  duplicate  mechanically 
operated  signal  outfit  is  proA-ided  for  each  in 
case  of  failure.  Ordinarily,  when  starting 
from  a  stand-still,  the  first  signal  on  this 
indicator  is  "1,3  speed  ahead"  or  "back," 
then  possibly  "2/'3"  or  "standard."  (Stan- 
dard meaning  number  of  revolutions  set  by 
the  revolution  telegraph  at  the  beginning  of 
the  run.)  When  under  headway  it  is  not 
absolutely  necessary  to  follow  this  practice 
since  the  signal  from  the  bridge  may  be  for 
any  of  the  speeds. 

When  the  operator  receives  the  signal,  he 
proceeds  as  outlined  in  one  of  the  conditions 
listed  in  Table  I. 
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These  are  by  no  means  all  the  conditions  of 
running  which  might  exist,  since  one  motor 
on  either  or  both  sides  may  be  disabled,  in 
which  case  its  disconnecting  switch  would  be 
opened  and  then  the  procedure  under  any 
of  the  five  conditions  could  be  followed 
However,  in  Condition  III  or  V,  if,  with  one 
motor  on  each  side  disabled,  continued 
running  was  anticipated  only  one  generator 
would  be  used,  which  would  result  in  the 
same  arrangement  as  that  for  Condition 
II  or  IV.  With  both  motors  on  one  side 
disabled  and  continued  running  expected, 
only  one  generator  would  be  used.  The 
unused  generator  and  motor  disconnecting 
switches,  as  well  as  the  pole  changing  and 
reversing  oil  circuit  breakers,  would  be  open 
and  possibly  the  bus  tie  switch,  providing  the 
running  motors  were  being  supplied  by  the  gen- 
erator on  the  same  side  of  the  ship.  Further- 
more, if  both  generators  were  running  and  the 
bus  section  switch  were  open,  one  or  both 
motors  on  one  side  might  be  running  ahead  at 
any  speed  and  one  or  both  motors  on  the  other 
side  might  be  backing  on  the  36-pole  connec- 
tion. This  procedureassists  in  turning  theship. 
If  only  one  generator  is  in  use,  of  course  the 
bus  section  will  be  closed,  and  all  four  motors 
should  be  running  at  the  same  speed,  whether 
ahead  or  back,  if  they  are  all  connected  for  the 
same  number  of  poles.  If  the  ship  were 
moving  ahead  at  a  considerable  speed, 
with  one  generator  and  the  24-pole  connection 
of  the  motors  and  a  signal  to  reverse  one  side 
were  given,  the  generator  field  would  be 
taken  off,  the  pole  changing  lever  thrown  to 
the  36-pole  position,  and  the  desired  reversing 
lever  placed  in  the  "back"  position.  In  this 
case  the  ahead  motors  on  the  24-pole  con- 
nection would  possibly  pull  in  first,  since  they 
would  already  be  turning  over  from  the 
movement  of  the  ship  througl   the  water. 


When  running  ahead  at  about  10  knots  or 
more  with  two  motors,  the  force  of  the 
water  against  the  propellers  is  sufficient  to 
turn  over  the  idle  motors.  Since  the  power  to 
turn  over  these  motors  is  comparatively  slight, 
the  efficiency  of  operation  is  scarcely 
affected  by  the  idle  propellers.  The 
highest  speed  attainable  with  either  the 
two  inboard  or  outboard  propellers  is  approx- 
imately 15  knots  and  is  obtained  by  the  use 
of  only  one  generator  since  no  higher  speed 
could  be  acquired  with  both  generators  due  to 
the  fact  that  one  is  able  to  supply  all  the 
power  required  by  two  motors.  In  an  emer- 
gency case,  however,  with  both  generators 
running  before  a  condition  involving  the 
use  of  either  the  two  inboard  or  outboard 
motors  only  exists,  it  would  probably 
be  more  advisable  to  keep  both  generators 
running  rather  than  to  enter  the  cell  and 
operate  the  bus  section  switch,  thereby  losing 
time. 

Reversing  the  ship  under  full  speed  con- 
ditions requires  approximately  20  seconds 
from  the  time  the  field  lever  is  thrown  off 
until  the  motors  start  to  turn  in  the  opposite 
direction.  Part  of  this  time  is  consumed  in 
the  operation  of  under-current  relays  which 
require  from  six  to  eight  seconds.  This  time 
is  short  compared  with  the  time  required  by 
other  means  of  propulsion  and  it  is  not  highly 
desirable  to  reduce  it  further. 

It  is  believed  that  electric  propulsion  has  a 
bright  future,  especially  as  applied  to  the 
larger  variable  speed  ships.  Wide  interest  is 
being  manifested  in  this  country  and  many 
problems  in  the  design  of  the  control  appa- 
ratus are  in  store.  Each  installation  wiU 
reveal  added  points  to  consider  and  con- 
tinual progress  will  accompany  the  develop- 
ment of  this  important  and  advanced  method 
of  ship  propidsion. 
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A  Review  of  the  Propelling  Equipment  and 
Operation  of  the  New  Mexico 

By  EsKiL  Berg 

Turbine  Engineering  Department,  General  Electric  Company 

In  addition  to  briefly  reviewing  the  main  units  of  the  proplusion  equipment  of  the  ?lew  Mexico,  the 
following  article  describes  the  various  auxiliaries,  the  description  of  which  is  omitted  in  the  foregoing  articles. 
Among  these  minor  units  are  the  circulating,  air,  hot-well,  and  lubricating  pumps,  the  ventilating  fans,  etc. 
Of  particular  interest  are  the  statements  of  the  contract  weight,  steam  consumption,  penalties,  and  price  of 
the  equipment,  and  its  performance  on  the  trial  runs  of  the  New  Mexico. — Editor. 

Steam  pressure  250  lb.  at  throttle,  dry  steam. 

10  knots,  15.38  lb.  per  shaft  h.p.-hr. 
15  knots,  11.57  lb.  per  shaft  h.p.-hr. 
19  knots,  11.32  lb.  per  shaft  h.p.-hr. 
21  knots,  11.53  lb.  per  shaft  h.p.-hr. 

Very  heavy  penalties  were  attached  to 
these  guarantees  in  case  they  were  not  met; 
namelv,  .S25,000  per  lb.  for  10  and  15  knots, 
and  S20,000  per  lb.  for  19  and  21  knots. 

The  contract  price  for  the  New  Mexico 
equipment,  including  all  auxiliaries  and 
apparatus  mentioned  in  the  beginning  of  this 
article,  was  §431,000. 

Circulating  Pumps 

Two  electrically  driven  circulating  pumps 
were  furnished,  one  for  each  main  condenser. 
These  pumps  were  made  by  the  Alberger 
Pump  and  Condenser  Co.  and  have  a  maxi- 
mum capacity  of  21,600  g.p.m.  against  a  head 
of  36  ft.  They  are  driven  by  a  variable-speed, 
direct-current  motor,  having  a  rating  of 
125  and  250  h.p.  at  400  and  500  r.p.m. 
respectively. 

Air  Pumps 

Two  motor-driven  air  pumps  were  installed, 
one  for  each  main  condenser.  The  ptamps 
were  furnished  by  the  Wheeler  Condenser 
and  Engineering  Co.  They  are  30  by  IS  in. 
double-acting  with  a  maximum  speed  of 
100  r.p.m.,  and  are  each  driven  by  a  variable- 
speed  direct-current  motor  having  a  rating  of 
28  and  40  h.p.  at  70  and  100  r.p.m. 
respectively. 

Hot-well  Pumps 

There  are  two  electrically  driven  hot-well 
pumps,  one  for  each  condenser.  These  pumps 
were  built  by  the  Alberger  Pump  and  Con- 
denser Co.  and  have  a  capacity  of  500  g.p.m. 
against  a  head  of  70  ft.  They  are  each  driven 
by  a  20-h.p.  ISOO-r.p.m.  direct -current  motor. 


The  contract  for  the  electric  propelling 
equii)ment  of  the  U.S.S.  New  Mexico  included 
the  following  machinery: 

Two  main  turbine-generator  units,  com- 
plete with  throttle  and  governing  valves. 

Four  main  propelling  motors. 

Switches,  panels,  instruments,  controllers, 
cables,  insulators,  etc.,  complete. 

Two  main  motor-driven  circulating  pumps. 

Two  main  motor-driven  air  pumps. 

Two  main  motor-driven  hot-well  pumps. 

Four  motor-driven  lubricating  oil  pumps. 

Two  motor-driven  oil  coolers  and  tanks. 

Motor-driven  blowers  for  ventilating  the 
main  motors. 

Spare  parts  for  the  above  apparatus. 

Requirements 

The  total  weight  of  the  apparatus  and 
material  above  mentioned,  complete  in  all 
respects  with  spare  parts,  was  guaranteed  not 
to  exceed  700  tons.  In  case  this  weight  were 
exceeded,  a  penalty  of  $500  per  ton  was  to  be 
imposed;  and  if  it  were  exceeded  b\"  5  per 
cent  or  more,  an  additional  penalty  of 
$10,000  was  to  be  deducted  from  the  contract 
price.  The  actual  weight  of  all  the  apparatus 
furnished,  with  spare  parts,  was  590  tons. 

The  steam  consumption  guarantees  were  all 
based  upon  250-lb.  gauge  steam  pressure  at 
the  throttle  and  dr\'  saturated  steam,  with 
the  following  corrections:  Should  superheat 
be  used,  the  guaranteed  steam  consumption 
will  be  reduced  at  the  rate  of  one  per  cent 
for  each  13  deg.  F.  of  superheat  observed  at 
the  turbine.  Should  the  steam  contain 
moisture,  the  guaranteed  steam  consumption 
will  be  increased  at  the  rate  of  234  per  cent  for 
each  per  cent  of  moisture  present  in  the  steam 
at  the  turbine.  The  steam  consumption 
guarantees  as  made  to  the  Government  cover 
the  total  amount  of  steam  used  both  by  the 
main  generating  units  and  the  auxiliaries 
mentioned  above,  and  were  as  follows: 
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Lubricating  Pumps 

Four  electrically  driven  lubricating  pumps 
were  furnished.  These  pumps  were  made  by 
the  Kinney  Mfg.  Co.  and  each  pump  is 
geared  to  a  10-h.p.  direct-current  motor 
running  at  1800  r.p.m. 


Fig.  1.     Plan  and  Elevation  of  the  Engine  Room 
Method  of  Operation 

The  arrangement  of  the  engine  room  is  in 
accordaiice  with  the  diagrammatic  sketch, 
Fig.  1.  Each  of  the  two  main  turbines  are 
connected  to  a  quarter-phase  generator  having 
two  poles.     The  four  propelling  motors  are 


wound  in  such  a  manner  that  by  suitable 
changes  of  connections,  effected  through 
groups  of  oil  switches  on  the  control  board, 
the  windings  can  be  arranged  either  for 
24  or  36  poles.  The  ratio  of  speed  reduction, 
therefore,  between  the  turbine  and  propeller 
is  approximately  12:1  to 
18:1. 

The  36-pole  connection 
is  used  for  all  low-speed 
running  up  to  a  maximum 
speed  of  about  15  knots. 
Above  that  speed  the  24- 
pole  connection  is  used. 
All  reversing  is  done  with 
the  motors  connected  for 
36  poles. 

Each  turbine  is  equipped 
with  a  special  governor  so 
designed  that,  by  move- 
ment of  a  fulcrum  con- 
nected to  it,  the  speed 
can  be  held  at  any  de- 
sired point  within  the 
range.  The  movement  of 
this  fulcrum  is  accom- 
plished by  a  mechanical 
connection  from  a  control 
lever  on  the  operating 
board. 

For  all  conditions  of 
steady  running  up  to  about 
15  knots  only  one  turbine- 
generator  is  used  with  its 
required  auxiliaries,  and  all 
of  the  motors  are  connected 
for  36  poles,  giving  a  speed 
ratio  of  18:1.  If  a  higher 
speed  is  required,  the  .pole 
connections  are  changed 
from  36  to  24,  giving  a 
speed  ratio  of  12:1,  and  a 
speed  of  about  17  knots 
can  thus  be  obtained  when 
onh'  one  generating  unit  is 
used  to  drive  the  ship. 
The  windings  of  the  gen- 
erator are  then  connected 
in  multiple  by  means  of  a 
switch,  so  as  to  reduce  the 
igement  voltagc  which  incrcases  the 

current  capacity  of  the 
generator  and  also  gives  increased  torque  and 
better  efficiency.  Above  that  speed  and  up 
to  the  maximum  speed  of  the  ship,  the  second 
generating  unit  is  in  service.  With  this  ar- 
rangement each  generator  operates  a  pair  of 
motors,  and  the  two  circuits  are  entirely  sepa- 
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rati'  from  rarli  nlhcr.  When  hiilli  ^t'lU'raliil}; 
units  arc  used,  I  In.'  windiiif^'s  of  viwh  ^'cncralor 
arc  connected  in  series  by  a  switcli  so  as  to 
give  the  desired  hi^dier  voltaj^'c  for  maximum 
speed. 

Starting  the  Ship 

The  shi])  can  he  started  with  either  one  or 
both  K^-'''i<-^'"'itin^  units,  and  with  the  motors 
connected  for  either  36  or  24  poles.  When 
both  generatinj^  units  are  used  for  steady 
running,  the  motors  are  always  connected  for 
24  poles  for  economical  reasons. 

Reversing 

All  reversing,  whether  the  ship  is  ojjerating 
with  one  or  both  generating  units,  is  done 
with  the  motors  connected  for  3(5  poles. 

Interlocks 

All  switching,  pole-changing,  etc.,  is  done 
on  a  dead  circuit.  The  switches  are,  however, 
designed  so  that  they  can  be  operated  under 
full-load  conditions,  should  an  emergency 
require  such  operation.  Interlocks  are 
provided  by  which  it  is  impossible  to  move 
any  of  the  switches  without  having  first 
interrupted  the  field  circuit  of  the  generator 
and  allowing  the  line  current  to  die  down  to  a 
predetermined  low  value.  This  reduction  of 
current  enables  the  switching  to  be  done 
smoothly  and  with  minimum  electrical  and 
mechanical  stress  in  the  electrical  circuits  and 
switches.  The  door  which  gives  access  to 
the  back  of  the  switchboard  is  also  safe- 
guarded so  that  no  one  can  enter  when  any  of 
the  circuits  are  alive. 

Safety  Devices 

In  order  to  safeguard  the  main  propelling 
apparatus  from  short  circuits  or  grounds, 
which  may  be  produced  by  military  or  other 
causes,  each  generator  is  provided  with  a 
system  of  balanced  relays,  which  under  normal 
conditions,  remain  in  a  balanced  position. 
If  trouble  should  occur,  even  of  a  slight  nature, 
there  will  be  an  unequal  distribution  of 
current  in  the  solenoids  operating  these  relays, 
the  system  becomes  unbalanced,  and  in  so 
doing  opens  the  field  circuit  of  the  main 
generating  unit.  By  this  arrangement,  any 
defect  in  insulation,  ground,  etc.,  will  be 
detected  before  an}-  serious  trouble  occurs, 
and  repairs  can  be  made  by  the  regular 
engine-room  force. 

Excitation 

Two  300-kw.  turbine-gear-driven,  direct- 
Ctirrent  generating  sets,   arranged  for  either 


120  or  210  volts,  supjjly  the  excitation  and 
power  for  tlie  auxiliaries  mentioned  in  the 
beginning  of  this  article.  There  are  also  two 
motor-driven  boosters  supjjlied,  one  for  each 
generator  field.  These  boosters  can  either 
raise  or  lower  the  voltage  00  volts;  in  other 
words,  if  the  field  is  connected  to  the  240- 
volt  circuit  the  excitation  voltage  can  be 
varied  from  ISO  to  300  volts,  and  if  on  the 
12()-volt  circuit  from  (iO  to  ISO  volts. 

In  order  to  obtain  quick  reversal,  increased 
field  excitation  is  always  used  and  can  be 
obtained  only  b\-  ])ulling  the  field  lever  by 
hand  against  a  heavy  s])ring  which  brings  the 
excitation  back  the  instant  the  lever  is 
released.  By  this  arrangement,  injurious 
heating  of  the  field  is  prevented. 

Ventilation 

When  operating  at  full  load  and  approx- 
imately 2000  r.p.m.  each  generator  requires 
3S,000  cu.  ft.  of  ventilating  air  per  minute. 
The  fans  at  each  end  of  the  rotor  will 
provide  this  quantity,  but  on  account  of 
the  resistance  of  the  air  ducts  between  the 
deck  and  the  generator,  it  was  desirable  that 
these  fans  be  supplemented  by  separately 
driven  blowers.  Therefore  each  generator  is 
pro^•ided  with  two  fans,  each  of  which  is 
capable  of  delivering  20,000  cu.  ft.  of  air 
per  mill,  when  operating  at  a  speed  of  380 
r.p.m.  Under  these  conditions,  each  blower 
requires  an  input  of  about  17  h.p.  These 
blow-ers  are  installed  in  a  room  directh-  above 
the  generators.  They  receive  the  air  from  the 
deck  and  force  it  through  ducts  into  large 
enclosed  compartments  directly  under  the 
generators.  After  passing  through  the  gener- 
ator, the  air  is  discharged  from  the  top  and 
carried  upward  to  the  deck.  In  addition  to 
the  four  20,000  cu.  ft.  per  min.  air  blowers, 
there  are  two  similiar  blowers  used  to  supply 
air  to  the  center  engine  room  in  which  is 
located  the  two  motors  driving  the  inboard 
propellers  as  well  as  all  of  the  engine  room 
auxiliaries  and  propulsion  control  apparatus. 

Under  the  most  severe  conditions  of 
operation,  each  motor  requires  20,000  cu.  ft. 
of  air  per  min.  and  the  blower  action  of  the 
rotating  element  must  be  supplemented  by 
separately  driven  blowers.  In  the  case  of  the 
motors,  the  blowers  are  placed  in  the  out- 
going ducts  of  the  motors.  Each  motor  has 
two  blowers,  each  passing  10,000  cu.  ft.  of 
air  per  min.  at  a  static  pressure  of  about 
1.9  in.  of  water.  These  blowers  are  driven 
by  S.5-h.p.  direct-current  motors  at  a  speed 
of  510  r.p.m. 
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One  of  the  advantages  of  using*  separately 
driven  blowers  as  part  of  the  ventilating 
equipment  is  that  the  quantity  of  air  is  not  so 
seriously  impaired  when  the  motors  or 
generators  are  operating  at  low  speeds  but  at 
relatively  high  loads. 

Steam  Economies 

The  ofificial  report  of  the  Board  that  ran 
the  New  Mexico  trials,  as  shown  in  the 
following,  gives  water  rates  higher  than  those 
guaranteed,  but  the  uncertainties  of  these 
trial  results  will  be  obvious  to  anyone  who 
understands  the  conditions  under  which  such 
trials  are  run  and  the  circumstances  of  the 
particular  runs  which  were  made.  The  water 
rates  of  a  ship  are  judged  not  from  the 
readings  of  electrical  instruments,  but  are 
calculated  from  the  revolutions  of  the  propeller 
as  previously  compared  with  the  readings  of 
torsion  meters  in  shafts  during  standardization 
runs  on  the  measured  mile.  The  uncertain- 
ties of  the  horse  power  indicated  by  this 
method  are  illustrated  by  the  fact  that  in  the 
standardization  runs  on  the  first  trial,  at 
maximum  speed,  the  torsion  meter  showed 
IM  per  cent  less  power  than  was  indicated  by 
the  electrical  instruments;  while  in  the  high- 
speed standardization  run  on  the  second  trial, 
the  torsion  meter  showed  7  per  cent  less 
power  than  was  indicated  by  the  electrical 
instmments.  This  relation  is  naturally 
affected  by  conditions  of  wind  and  sea  and  by 
the  retardation  of  the  ship  caused  by  the 
effort  of  the  rudder  to  hold  her  upon  a  given 
course. 

The  guarantees  made  on  the  New  Mexico 
apparatus  included  the  operation  of  all  the 
engine-room  auxiliaries,  and  contemplated 
the  use  of  exhaust  steam  from  the  auxiliary 
generating  unit  in  the  lower  stages  of  the  main 
turbine.  As  the  tria.h  were  run,  the  ship 
was  more  heavily  loaded  than  was  con- 
templated, the  power  to  drive  was  greater, 
and  the  conditions  were  such  that  the 
auxiliary  steam  could  not  be  used  as  intended. 
One  of  the  New  Mexico  generating  units  was 
tested  in  the  Schenectady  Works  of  the 
General  Electric  Coinpany  under  load  con- 
ditions corresponding  to  the  trials  up  to  and 
including  that  at  19  knots.  The  results  of 
these  tests,  with  reasonable  assumptions  as  to 
motor  efficiencies  obtained  from  the  tests  of 
the  motors  themselves,  indicate  that  the 
apparatus  in  service  should  meet  the  guaran- 
tees with  an  appreciable  margin,  even  under 


the  unfavorable  load  conditions  which  existed. 
The  figures  in  Table  I  show  a  comparison 
between  the  trial  conditions  and  those 
contemplated  in  the  design. 


Speed 

Estimated 
Horse 
Power 

Actual 
Horse  Power 

Estimated 

Actual 

Knots 

from  Electrical 

R.p.m. 

R.p.m. 

Instruments 

10 

2550 

3200 

75.0 

78.4 

15 

8350 

10350 

112.0 

115.6 

19 

18650 

24350 

144.5 

149.2 

21 

26300 

32480 

161.0 

166.7 

*  "Electric  Drive  from  a  Military  Point  of  View."  by  S.  M. 
Robinson,  p.  220,  this  issue. 


In  the  first  trials  that  were  run,  the  con- 
ditions of  sea  were  favorable,  but  there  were 
indications  of  heavy  priming  and  dehvery  of 
water  to  the  turbines  with  the  steam.  In  the 
second  trial,  the  priming  was  apparently 
absent,  but  the  conditions  of  sea  during  the 
high-speed  runs  were  very  unfavorable, 
probably  causing  the  error  in  the  assumption 
as  to  the  power  used  as  derived  from  the 
torsion  meter  readings  in  the  standardization 
runs.  There  was  also  evidence  of  incorrect 
measurement  of  condensate,  since  the 
measured  flow  did  not  agree  with  observations 
as  to  the  pressure  and  number  of  nozzles  in 
use  during  the  runs.  The  system  of  piping 
and  valves  in  connection  with  these  turbines 
is  verjr  complicated,  and,  since  leakage  will 
defeat  any  test,  the  results  must  be  con- 
sidered uncertain.  Table  II  compares  the 
results  of  the  trial  reports  with  other  figures. 

The  reason  for  making  a  second  trial  of 
the  New  Mexico  was  that  her  bottom  was  foul 
during  her  first  trial  and  that  the  priming 
conditions  in  the  boilers  were  recognized  to 
be  very  bad.  While  this  excessive  priming 
of  the  boilers  during  the  first  trial  did  not  do 
any  damage  to  the  turbines,  its  continuation 
no  doubt  would.  It  was  therefore  thought 
best  to  make  slight  changes  in  the  boilers  to 
improve  this  condition. 

The  fuel  economy  shown  by  the  New  Mexico 
trials,  as  reported  by  Commander  S.  AI. 
Robinson,*  are  20  per  cent  better  than  the 
turbine  driven  Pennsylvania  at  high  speeds, 
and  about  30  per  cent  better  at  15  knots. 

The  efficiency  of  such  apparatus  as  is  used 
in  the  propulsion  of  the  New  Mexico  is  well 
understood  and  there  is  nothing  in  the  con- 
ditions of  operation  which  can  cause  losses, 
in  generation  and  transmission  of  power,  any 
greater  than  those  accomplished  with  similar 
apparatus  on  shore.  Fig.  2  gives  the  per- 
formance   curves    of    the    New    Mexico    as 
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Auxiliary  Steam 

While  the  contract  for  the  New  Mexico  calLs 
for  the  exhaust  of  only  the  ;}()()-k\v.  direct- 
current  set  to  lie  admitted 
to  the  main  turbine,  it  is 
the  intention  under  normal 
conditions  runninj^  to  admit 
all  the  avixiliary  exhaust 
excei3t  that  requiretl  for 
heating  feed  water. 

When  such  steam  is  ad- 
mitted to  the  fourth  stage 
shell  of  the  turbine,  a  horse- 
power-hour will  be  deliv- 
ered at  the  rate  of  approxi- 
mately 22  lb.  of  steam 
at  10  knots,  16  lb.  at  lo 
knots,  and  15.5  at  19 
knots.  Above  19  knots, 
the  steam  will  be  led  to 
the  seventh  stage  shell,  and 
will,  at  21  knots,  produce 
a  horse  power-hour  with 
approximately  26  lb.  of 
steam. 

The  propelling  machiner\-  of  the  AVit- 
Mexico,  although  entirely  new  and  different 
from  the  types  of  machinery  which  the 
officers  and  men  were  previously  accustomed 
to  handle,  has  functioned  perfectly  from  the 
first  day  the  vessel  was  put  into  commission. 
During  all  the  breaking  in  periods  of  the 
various  shifts  of  engine  room  crews,  there  was 
never  a  mishap  to  any  of  the  electrical  pro- 
pelling machinery;  and  the  men  handled  all 
the  apparatus  with  perfect  confidence  after 
onlv  a  few  hours  of  training. 


Intcrchangcability 

One  <jf  the  many  a<lvantages  claimed  for 
electric  drive  is  interchangeability,  and  this 
feature  was  demonstrated  on  two  occasions 
during  the  preliminary  runs.  Once  while 
running  at  about   17  knots  with  both  main 
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Knots 
Theoretical  Performance  Curves  of  New  Mexico 

generating  units  in  use,  a  small  pipe  supplying 
water  to  one  of  the  packing  glands  on  the 
circulating  pump  broke,  which  necessitated 
shutting  down  the  pump  while  a  new  pipe 
was  put  in.  In  less  than  10  seconds,  all  the 
propelling  motors  were  being  run  from  one 
unit  and  exactly  the  same  speed  was  main- 
tained as  before.  With  ordinan.-  drive 
this  would  have  meant  the  shutting  down 
of  two  propeller  shafts  and  a  reduction 
of  speed  to  probably  not  more  than  10 
knots. 


T 

-\BLE    II 

: 

WATER  RATE,  LB.  PER  SHAFT  H.P.-HR. 

Full 
Speed 

19  Knots 

15  Knots 

10  Knots 

No.  1  Trial  Report 

12.29 

12.30 
11.67 
12.01 

11.58 
11.00 
11.31 

11.926 

11.55 
11.03 
12.196 

11.50 
11.08 
11.184 

11.667 

11.35 

11.495 

12.482 

11.60 
11.16 
11.45 

14.223 

Results  indicated  by  readings  of  electrical  instru- 
ments   

Guarantees  reduced  to  trial  conditions 

No.  2  Trial  Report* 

Results  indicated  by  readings  of  electrical  instru- 
ments   

Schenectady  test  reduced  to  trial  conditions 

14.35 
15.28 
14.22 

14.35 
14.25 
15.28 

*  Given  unofficially  before  the  preparation  of  the  report. 
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On  another  occasion,  when  running  with 
only  one  main  generating  unit,  the  circulating 
pump  became  air  bound  and  lost  its  suction. 
In  a  few  seconds  the  other  turbine-generating 
unit  was  brought  into  service  and  the  same 
speed  of  the  ship  was  maintained. 

Gunfire  Shocks 

After  all  the  official  runs  were  completed, 
the  New  Mexico  installation  was  subjected 
to  the  usual  gunfire  tests  in  order  to  observe 
the  effects  of  shock  upon  the  electrical 
installation,  and  also  on  the  governing 
mechanism  of  the  turbine.  Great  apprehen- 
sion had  been  expressed  concerning  what 
would  happen  to  the  installation,  especially 
the  insulators,  cable  supports,  and  instru- 
ments. The  maximum  shock  was  naturally 
when  all  of  the  twelve  14-in.  guns  were  fired 
broadside  at  the  same  instant.  After  all  the 
firing  tests  were  completed,  a  most  careful 
inspection  was  made  and  it  was  found  that 
not  a  single  failure  occurred  in  connection 
with  the  electrical  sj'stem  or  the  turbines. 

The  following  is  an  abstract  from  a  state- 
ment made  by  Secretary  Daniels  when 
testifying  before  the  Committee  on  Naval 
Affairs  of  the  House  of  Representatives, 
concerning  the  New  Mexico  installation : 

"I  recently  paid  a  visit  to  the  battleship  New 
Mexico  which  is  the  latest  dreadnought  to  join  the 
fleet  and  the  first  and  only  one  of  any  nation  to  have 
electrically  operated  propelling  machinery.  On  this 
account  she  has  been  an  object  of  surpassing 
interest  to  the  officers  of  our  own  navy  and  to  those  of 
foreign  navies  as  well,  and  to  electrical  engineers  in 
general. 

"The  result  was  satisfactory  from  every  point  of 
view  and  confirmed  the  judgment  of  all  who  were  in 


any  way  concerned  in  its  design  and  adoption. 
There  was  not  the  slightest  mishap  with  any  part 
of  it,  everything  worked  to  perfection,  and  the 
crew  was  as  enthusiastic  over  the  performance  of  the 
machinery  as  is  the  department  proud  in  the 
possession  of  such  an  efficient  dreadnought. 

"The  machinery  was  designed  to  develop  26,500 
h.p.  at  full  speed,  which  it  was  expected  would  give 
the  ship  a  speed  of  21  knots.  She  actually  de- 
veloped more  than  31,000  h.p.  and  maintained  for 
four  hours  a  speed  of  21}^  knots,  and  this  when 
running  at  a  displacement  1000  tons  greater  than  her 
de.sign  called  for.  If  she  had  been  tried  at  her 
designed  displacement,  as  is  customary  with  all  new 
ships,  she  would  have  made  21.5  knots  without  any 
trouble  whatever,  and  what  is  still  better,  she  could 
have  kept  up  this  speed  as  long  as  her  fuel  lasted, 
for,  like  all  our  later  dreadnoughts,  she  is  an  oil- 
burner  and  there  would  be  no  reduction  in  speed 
due  to  the  necessity  of  cleaning  fires,  which  must  be 
done  in  coal  burning  ships  after  a  run  of  four  hours 
at  top  speed. 

"When  we  entered  into  contract  for  the 
machinery  of  the  Nenv  Mexico,  we  stipulated  that, 
in  addition  to  being  capable  of  developing  the 
maximum  power,  she  should  also  give  an  economy 
at  cruising  speed  very  much  superior  to  that 
obtainable  with  the  turbine  installations  that  we 
had  previously  used,  and  I  am  happy  to  say,  that  this 
stringent  requirement  was  also  met.  As  a  matter 
of  fact,  the  New  Mexico  will  steam  at  10  knots  on 
about  25  per  cent  less  fuel  than  the  best  turbine- 
driven  ship  that  preceded  her. 

"The  shipbuilders  who  have  contracts  for  electric 
drive  ships  were  as  interested  in  the  trials  of  the 
New  Mexico  as  we  were,  and  I  arranged  that  they 
should  have  representatives  present  to  witness  the 
operation  of  the  machinery.  All  took  advantage 
of  the  opportunity  and  were  as  much  impressed  with 
the  ease  and  efficiency  of  operation  as .  were  the 
naval  representatives. 

"On  the  whole,  I  think  the  country  has  cause  to 
be  proud  of  this  achievement  in  engineering,  not 
alone  because  of  the  pronounced  success  in  this 
particular  instance,  but  because  of  the  assurance  it 
gives  us  of  the  superiority  of  our  capital  ships  to 
those  of  foreign  nations." 
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Biographies  of  Captain  Bostwick,  Captain  Willard, 
and  Commander  Evans  of  the  New  Mexico 


CAPT.   LUCIUS  ALLYN   BOSTWICK 

Lucius  Allyu  BosLwick  was  born  in  Provi- 
dence, R.  I.,  February  21,  1S(J'J,  and  first 
entered  the  Naval  Service  under  an  appoint- 
ment as  a  Naval  Cadet  from  the  Tenth 
Congressional  District  of  Massachusetts 
(Honorable  W.  W.  Rice),  on  September  7, 
ISSli;  detached  from  the  Academy  June  (i, 
1890,  and  ordered  to  the  U.S.S.  Kearsage,  on 
which  date  he  completed  a  four-years  course 
of  instruction  at  the  Naval  Academy;  gradu- 
ated June  30,  1802;  commissioned  Ensign 
lulv  1,  1892;  served  on  the  U.S.S.  Philadelphia 
from  August  2,  1892,  until  March  20,  1894, 
when  ordered  to  the  U.S.S.  Alert,  reporting 
April  3,  1894;  transferred  to  the  U.S.S. 
Monterey  July  5,  1895;  reported  at  the  War 
College  November  30,  1895;  on  duty  on  the 
Ericsson  from  February  IS,  1897,  until  May 
27,  1898,  when  ordered  to  the  U.S.S.  Oregou; 
promoted  to  Lieutenant  (junior  grade)  March 
3,  1889;  promoted  to  Lieutenant  July  1, 
1899;  served  on  temporary  duty^  on  board 
the  U.S.S.  Solace  from  January  19,  1900, 
until  the  arrival  of  that  vessel  in  the  United 
States,  when  he  reported  to  duty  at  Alare 
Island,  California,  being  detached  from  this 
duty  on  March  12.  1900;  served  on  the  U.S.S. 
Indiana  from  September  6,  1901,  until 
December  29,  1903,  when  ordered  to  the 
Iowa,  serving  on  this  latter  vessel  until 
November  7,  1904;  ordered  to  the  Naval 
War  College  November  24,  1904;  promoted 
to  Lieutenant  Commander  July  1,  1905; 
ordered  to  the  U.S.S.  Brooklyn  as  navigation 
officer  September  26,  1906;  assigned  to  duty 
on  the  U.S.S.  Tacoma  as  executive  officer  on 
November  25,  1906;  detached  from  the 
Tacoma  April  25,  1910,  and  ordered  to  duty 
'at  the  Navy  Department,  where  he  was 
assigned  on  April  28,  1910,  as  Judge  Advocate 
of  the  Board  of  Inquiry  convened  at  the  Navy 
Department;  ordered  to  the  Navy  Yard, 
Norfolk,  Va.,  September  14.  1910;  promoted 
to  Commander  March  4,  1911;  detached  as 
Aide  to  Commandant  of  the  Navy  Yard, 
Norfolk,  Va.,  and  assigned  to  duty  as  Inspec- 
tion Officer,  Navy  Yard,  Norfolk;  assigned  to 
the  U.S.S.  South  Carolina  as  executive  officer 
April  10,  1912;  assigned  to  temporary  duty 
in  command  of  the  U.S.S.  Montatia  January 
2,  1913,  and  upon  falling  in  with  the  U.S.S. 
Nashville,  assumed  command  of  that  vessel. 


luiHirting  January  14,  1913;  assigned  to  duly 
with  the  General  Board,  April  24,  1914; 
promoted  to  Captain  October  9,  191G;  com- 
manding the  U.S  S.  South  Dakota  from  April 
5,  1917.  until  September  17,  1918,  when 
ordered  to  duty  in  command  of  the  U.S.S. 
New  Mexico  on  September  27,  1918.  April 
9,  1919,  assigned  senior  member  Naval  Over- 
seas Transportation  Ser\ice,  Demobilization 
Board. 

During  Cajjtain  Bostwick's  ser\-ice  in 
connection  with  the  General  Board  at  the 
Navy  Department,  Washington,  D.  C,  and 
subsequently  as  Commanding  Officer  of  the 
U.S.S.  South  Dakota  and  U.S.S.  New  Mexico, 
this  officer's  reporting  seniors  considered  the 
performance  of  duty  of  Captain  Bostwick 
exceedingly  capable  and  efficient. 

CAPT.  ARTHUR   LEE   WILLARD 

Arthur  Lee  Willard  was  born  in  Kirksville, 
Missouri,  on  February  21,  1870.  and  first 
entered  the  Naval  Service  under  an  appoint- 
ment as  a  Naval  Cadet  from  the  First  Con- 
gressional District  of  Missouri  (Honorable 
W.  M.  Hatch)  on  September  7,  1887,  and 
completed  the  course  of  instruction  at  the 
Naval  Academy  in  June,  1891,  finally^  gradu- 
ating in  June,  1893;  promoted  to  Ensign 
July  1,  1893;  assigned  to  duty'  on  the  U.S.S. 
Boston  August  25,  1893;  detached  October 
25,  1893,  and  ordered  to  the  U.S.S.  Phila- 
delphia; detached  and  to  the  Alert  as  Watch 
and  Deck  Officer  on  November  18,  1894; 
transferred  to  the  U.S.S.  Monterey  Julv  5, 
1895;  to  the  Albatross  Februarv  27,  1896;  to 
to  the  Philadelphia  Mav  19,  1896;  to  the 
Naval  War  College  November  22,  1897;  to 
the  US.S.  Machias  April  4,  1898;  promoted 
to  Lieutenant  (junior  grade)  March  3,  1899; 
promoted  to  Lieutenant  July-  8,  1899;  assigned 
to  duty  on  the  Bancroft  August  14,  1900,  and 
detached  June  7,  1901;  ordered  to  Navy 
Yard.  Washington,  D.  C.  June  15,  1901; 
ordered  to  the  L^.S.S.  Maine  December  29, 
1902;  promoted  to  Lieutenant  Commander 
September  9,  1905;  to  the  Na\'y'  Yard,  Wash- 
ington, D.  C,  for  duty  in  the  Naval  Gun 
Factory  January  15,  1906;  to  the  U.S.S. 
Idaho  iviarch  25,  1908,  for  duty  as  Ordnance 
Officer,  reporting  April  1,  1908;  assigned  to 
duty  as  Na^^gator  on  the  Idaho  on  October 
5,     1908;    detached    from    the    Idaho    upon 
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arrival  in  the  United  Slates  and  to  the  Navy 
\:\vt\.  \Vashinj;ton,  D.  C,  reportinjj  May  12, 
Mild;  promoted  to  Commander  Mareh  t, 
I'.H  I  ;  detaehcd  from  Navy  Yard,  Washington, 
1).  C,  and  to  eonimand  the  L'.S.S.  Ihimock, 
reporting;  Auj,'iist  (1,  lill.'i;  ilelachcd  and  to 
the  Navy  Yard,  Wash inj; ton,  D.  C.,  as 
Captain  of  the  Yard,  June  W,  11)1.");  promoted 
to  Captain  January  1,  1917;  appointed  Com- 
mandant of  the  Navy  Yard,  W^ashinj^ton, 
1).  C,  and  Superintendent  of  the  Naval  (nin 
I''aotory  at  that  place  on  September  12,  1917. 
'Phis  officer  has  been  ordered  to  take  com- 
mand of  the  U.S.S.  Xcw  Mexico  and  he  is 
expected  to  report  for  this  duty  Alay  1,  1919. 
During  Captain  Willard's  service  as  Cap- 
tain of  the  Navy  Yard  and  subsequent  as 
Commandant  of  the  Navy  Yard  at  Wash- 
ington, and  Superintendent  of  the  Naval  Gun 
Factory,  liis  reporting  Seniors  have  com- 
mended this  officer  very  highly  for  his 
exceedingly  capable,  loyal  and  efficient  serv- 
ice in  connection  with  his  duties,  particu- 
larly his  untiring  energy  in  connection  with 
the  expansion  of  the  Naval  Gun  Factory,  by 
reason  of  which  the  fighting  efficiency  of  the 
Fleet  was  maintained  at  the  desired  standard 
during  the  War. 

COMMANDER  JOSEPH  SIMPSON  EVANS 

Joseijh  Simpson  Evans  was  born  at  Park 
Place,  Pennsyh-ania,  December  9,  188-5;  he 
was  appointed  a  midshipman  from  the  State 
of  Pennsylvania  June  1.3,  1903;  was  detached 
from  the  Academy  on  September  12,  190G, 
and  ordered  to  wait  orders  at  home;  assigned 
to  the  U.S.S.  Maine  September  26,  190(5; 
assigned  to  the  Decatur  July  2,  190S;  appoint- 
ed an  Ensign  September  13,  19GS;  detached 
from  the  Decatur  upon  date  of  arrival  at 
Cavite  under  orders  of  December  19,  190N, 
and  to  duty  on  board  the  Mohican;  served 
on  that  vessel  until  January  7,  1909,  when 
ordered  to  the  Charleston;  assigned  to  duty 
as  aid  on  staff  of  Commander,  Third  Squadron 
Pacific  Fleet  January  17.  1910;  Flag  of  Com- 
mander, Third  Squadron.  Pacific  Fleet  trans- 
ferred to  U.S.S.  Xeu.'  York  August  20,  1910; 
detached  and  ordered  home  May  1."),  1911; 
arrived    home    June    1.3;    granted    leave    of 


absence  fur  -12  days,  ufjon  the  expiration  of 
which  he  was  ordered  to  duly  in  connection 
with  the  fitting  out  of  the  U.S.S.  Florida 
and  to  duty  on  board  when  placed  in  com- 
mission (Sei)tember  l.'>,  1911);  promoted  to 
Lieutenant  (junior  grade)  Sejitember  1.}, 
1911;  detached  from  the  Florida  September 
28,  1912,  and  ordered  to  the  Naval  Academy 
School  of  Instruction  in  Marine  Engineering, 
rei)(>rting  SeiHember  ;J0,  1912;  ordered  to  the 
Works  of  the  (jcneral  Ji^lectric  Compan}-, 
Schenectady,  N.  Y.,  for  duty  under  instruc- 
tion June  7,  191.3,  and  transferred  to  the 
Columbia  University,  New  York,  N.  Y., 
September  1.  1913,  for  duty  under  instruc- 
tion; promoted  to  Lieutenant  March  .5,  1914: 
assigned  to  duty  on  the  Marietta  as  Engineer 
Officer  Ajiril  2.5,  1914,  and  transferred  to 
the  Vestal  January  4,  191.5,  in  the  same 
capacity;  on  January  4,  191.5,  assigned  to 
the  Works  of  the  General  Electric  Company, 
Schenectady,  N.  Y.,  in  connection  with  the 
manufacture  of  machinery  for  the  Xew  Mexico 
preliminary  to  assignment  to  that  vessel; 
detached  July  24,  1916,  and  ordered  to  the 
Navy  Yard,  New  York,  N.  Y.,  in  connection 
with  the  fitting  out  of  the  New  Mexico  and 
to  duty  on  board  as  Engineer  Officer  when 
placed  in  commission;  ordered  to  the  General 
Electric  Company  August  S,  1916,  in  con- 
nection with  equipment  for  the  New  Mexico; 
reassigned  to  duty  in  connection  with  the 
fitting  out  of  the  New  Mexico  June  14,  1917. 
and  on  board  when  commissioned  (May  30, 
1918);  temporarih'  appointed  Lieutenant 
Commander  to  rank  from  August  31,  1917. 
on  October  3,  1917;  promoted  to  Lieutenant 
Commander  August  lo,  1918;  temporarily 
appointed  a  Commander  on  October  14,  1918, 
to  rank  from  September  21,  1918;  detached 
from  the  Xevj  Mexico  and  assigned  to  the 
Bureau  of  Steam  Engineering  March  19,  1919. 
Captain  L.  A.  Bostwick,  in  reporting  upon 
the  efficiency  of  Commander  Evans  from 
September,  1918,  to  March,  1919,  states  that 
"this  officer  has  excellent  professional  ability, 
very  thorough,  excellent  judgment  and  initia- 
tive, good  executive  ability  combined  with 
tact  and  firmness;  handles  men  and  officers 
well.    I  consider  him  a  valuable  officer." 
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Stuart  Thomson,  of  the  General  Electric 
Company,  known  by  a  wide  circle  of  friends 
in  Schenectady,  passed  away  on  Sunday, 
March  23rd,  at  his  home  in  Brookline,  Mass. 
He  was  stricken  with  bronchitis  followed 
by    double     penumonia,     shortly     after    his 


return  from  Washington,  "where  he  had  been 
active  in  the  military  service  since  October, 
1917. 

Mr.   Thomson  was  born  in  Lynn,   Mass., 
August    13,    1SS6.      He    received    his    early 


education  in  the  Lynn  schools,  followed  by  a 
course  in  the  Volkmann  school  of  Boston,  and 
also  in  the  Classes  of  1908,  Harvard  Uni- 
versity, and  1909,  Massachusetts  Institute  of 
Technology.  His  special  studies  were  chem- 
istry, physics  and  mathematics,  in  which 
he  received  highest  honors. 

After  leaving  college  Mr.  Thomson  was 
employed  in  research  work  at  the  Lynn  and 
Schenectady  Works,  and  later  in  the  Con- 
sulting Engineering  Department  at  Sche- 
nectady. 

Responding  to  the  call  of  war,  Mr.  Thomson 
at  the  request  of  the  Government,  went  to 
Washington  and  entered  the  Chemical  War- 
fare Service  with  the  rank  of  First  Lieuten- 
ant. His  ability  was  soon  recognized  by  his 
superiors  and  he  was  transferred  to  the  Air- 
craft Section  of  the  Ordnance  Department 
and  charged  with  the  design,  production, 
testing  and  shipping  details  of  aircraft 
armament.  His  conscientious  and  pains- 
taking efforts  to  accelerate  production  soon 
won  for  him  a  Captain's  commission,  but  the 
arduous  duties  made  great  inroads  upon  his 
vitality,  and  as  a  result  of  his  strenuous 
devotion  to  duty  he  became  an  easy  victim 
of  pneumonia. 

Captain  Thomson  is  survived  by  his  wife, 
Dorothy  Faunce,  of  Lynn,  an  infant  son 
Elihu  Craig,  his  father  Prof.  Elihu  Thomson 
of  Swampscott,  Mass.,  and  three  brothers, 
Roland,  Malcolm  and  Donald.  Upon  these 
the  sense  of  heavy  loss  has  fallen,  which  will 
be  shared  by  many  others. 
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FUNDAMENTAL  FACTORS  OF  ECONOMIC  ACTIVITY 

By  David  B.  Rush.more 
Engineer,  Power  and  Mining  Engineering  Department,  General  Electric  Company 


Economics  is  the  social  science  which  treats 
of  that  portion  of  human  activity  which  is 
concerned  with  earning  a  living.  It  is  the 
social  science  of  business.  It  deals  with  the 
necessities  and  luxuries  of  our  daily  life  and 
naturally  also  with  the  commodities  and 
services  upon  which  this  our  well-being  is 
dependent.  The  reason  for  industrial  activity 
is  therefore  the  effort  to  satisfy  the  so-called 
demands  of  the  consumer. 

The  industrial  expansion  of  the  United 
States  has  been  nothing  short  of  marvelous. 
At  the  time  when  our  independence  was 
declared  our  activities  were  mainly  those  of 
an  agricultural  community,  but  it  did  not 
take  very  long  before  the  vast  extent  of  our 
undeveloped  resources  and  the  superior 
advantages  for  manufacturing  became  appre- 
ciated, and  the  United  States  has  thus  also 
gradualh'  been  transformed  into  a  manu- 
facturing nation,  at  the  same  time  maintain- 
ing its  place  among  the  food  producing 
countries.  The  principal  activity  of  a  large 
part  of  the  entire  world,  in  fact,  is  rapidh' 
becoming  industrial  or  manufacturing,  and 
a  large  and  increasing  proportion  of  the  wealth 
of  the  world  that  is  being  created  comes 
from  the  manufacture  of  goods,  which  means 
the  change  in  form  and  character  of  materials 
with  the  introduction  of  power  and  labor. 

Many  countries,  such  as  Germany,  BelgiTim 
and  England,  import  most  of  their  foodstuffs, 
their  population  being  chiefly  engaged  in 
manufacture.  These  countries  do  not  raise 
enough  food  to  support  their  population,  but 
must  rely  on  imports  from  food-raising 
countries,  and  in  many  instances,  must  get 
their  necessary  machinery,  farm  implements, 
etc,    from   a   manufacturing   coimtry.      The 


result  of  this  interchange  of  commodities  is 
what  is  known  as  trade,  and  is  due  to  the 
efforts  of  men  to  realize  the  economics  con- 
nected with  a  territorial  division  of  raw 
material  and  labor,  that  is,  to  devote  each 
particular  country  or  area  to  those  products 
for  which  it  is  best  adapted,  while  securing 
from  other  localities,  by  means  of  exchange, 
their  special  products. 

Food,  clothing  and  shelter  are  the  funda- 
mental necessities  of  life,  and  these  can  be 
expanded  into  a  very  long  list.  -The  place 
where-  necessities  stop  and  luxuries  begin  is 
rather  indefinite,  but  there  is  every  indica- 
tion that  with  our  increased  social  develop- 
ment many  articles  which  formerly  were 
chiefly  considered  as  luxuries  are  now  being 
looked  upon  as  essential  to  the  welfare  of  the 
people  at  large.  That  this  transition  will 
continue  to  increase  is  more  evident  now 
than  ever,  and  the  readjustment  to  these 
new  conditions  is  one  of  the  big  problems  in 
the  industrial  world  today. 

The  supply  of  raw  materials,  such  as  are 
provided  in  kind  and  position  by  nature,  is 
of  fundamental  importance  in  any  industrial 
undertaking,  and  it  is  the  recovery  of  these 
raw-materials  and  their  transformation  into 
finished  products  for  ultimate  consumptiqxi 
that  makes  up  the  activities  of  industry.  In 
ail}-  tabulation  and  classification  of  industries, 
we  would  naturally  start  with  raw  materials 
in  their  natural  positions  and  conditions,  and 
proceed  to  the  getting  of  these  raw  materials 
from  the  surface  of  the  earth  either  b\- 
agriculture,  mining,  quarrying,  lumbering, 
hunting  or  fishing.  Often  these  raw  materials 
must  be  stored  for  long  periods  to  meet  con- 
ditions of  demand  and  supply,  or  thej;-  may 
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lia\r  til  ]n-  traiisixirtcd  for  lun^'  dislaiiccs  to 
Idcaliliis  which  are  more  suitable  for  Irans- 
fiirniinj,'  thcrii  by  one  or  more  clianjj;es  into 
liie  final  shape  for  iiltimalt'  consumi)lion. 
Tlie  i)rocesses  by  which  such  transformations 
are  accomplished  arc,  of  course,  widely 
(lifierent,  depending  on  the  nature  of  the 
IH-oducts  ihemselvcs  as  well  as  the  conditions 
under   which    the   work   is   being   done. 

Raw  materials  may  be  classified  into  three 
main  classes,  namely,  mineral,  vegetable  and 
animal,  the  ditTerent  subdivisions  and  ])rin- 
cipal  individual  materials  being  gi\-en  in  the 
following  tabulation. 

From  the  element  raw  material  to  the  final 
finished  product  a  long  series  of  more  or  less 
intricate  manufacturing  processes  are  in- 
volved. The  finished  product  of  one  process 
or  industry  becomes  the  raw  material  for 
the  next.  Energy  is  transformed  at  many 
points,  both  in  changing  the  material  and 
also  in  the  local  transportation,  and  it  is  this 
which  has  made  the  period  since  the  beginning 
of  the  last  century  distinctly  an  age  of  power. 

Electricity  is  the  most  convenient  form  in 
which  to  transmit  and  apply  energy,  and 
the  electric  motor  is  a  means  for  transforming 
electrical  to  mechanical  energy  and  produces 
motion  and  torque  at  ■various  speeds  and  in 
different  directions.  Among  the  numerous 
advantages  of  electric  drive  of  machinery  in 
general  may  be  mentioned  the  increased  pro- 
duction which  is  obtained  for  a  given  equip- 
ment,'besides  a  much  improved  product;  a 
decreased  power  consumption  and  higher 
efficiency  due  to  the  possibility,  of  central- 
izing the  power  supply,  simplicity  of  trans- 
mission and  distribution  of  the  power,  better 
location  and  control  of  the  apparatus,  result- 
ing in  greatly  improved  operating  conditions 
and  economy,  etc. 

While  the  more  important  manufacturing 
companies  still  generate  their  own  power, 
there  is  now  a  strong  tendencv  toward  con- 


sulidatiiiii  with  a  view  of  concentrating  the 
liower  sui)i)ly  for  all  uses  in  a  large  territory 
from  one  system.  The  inter-connection  of 
transmission  systems  is  also  a  stej)  in  the 
right  direction,  as  demonstrated  in  many 
places  where  several  large  systems  are  tied 
together,  furnishing  power  to  each  other  on 
an  "interchange "  contract  basis.  The  ad\ an- 
tages  of  this  are  obvious.  The  peak  loads  of 
the  difTerent  systems  may  not  coincide,  the 
minimum  stream  flow  of  hydro-electric  jilants 
may  occur  at  different  times  on  the  different 
water  sheds,  common  reserve  stations  may  be 
used,  and  in  general  the  operation  may  be  so 
improved  that  a  most  efficient  and  reliable 
service  can  be  rendered  to  the  customers  of 
all  the  systems  so  tied  together. 

The  labor  item  is  one  of  the  most  important, 
if  not  the  most  important,  in  our  present 
industrial  activity,  and  the  relation  between 
work  and  pay  must  receive  careful  consider- 
ation. The  cost  of  labor  is  constantly  going 
up,  the  working  hours  are  made  shorter,  and 
the  effect  which  this  has  on  the  cost  of  the 
finished  product  and  on  the  competition 
with  other  producers  with  cheaper  labor 
conditions  is  obvious. 

The  success  of  an  industry  is  also  to  a  great 
extent  founded  upon  invention,  and  the 
future  activities  of  the  world  will  to  a  large 
extent  consist  in  discoveries  and  inventions 
and  their  introduction  into  improved  means  of 
manufacturing.  The  importance  of  such 
industrial  research  has  been  strikingly  brought 
out  during  the  war.  The  success  and  the 
results  achieved  are  too  numerous  to  tabulate; 
we  need  only  mention  the  deadly  poisonous 
gases,  explosives,  helium,  artificial  nitrogen 
products,  synthetic  dyes,  etc. 

These  are  only  some  of  the  fundamental 
factors  entering  into  our  industrial  life,  but 
reforms  are  constantly  taking  place  in  ever\' 
field  with  a  view  of  improving  the  rising 
standards  of  mankind. 
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Electric  Drive  for  Steel  Mill  Main  Rolls 

By  K.  A.  Pauly 
Power  .^nd  Mining  Engineering  Department,  General  Electric  Company 

Steel  mill  roll  drives  may  briefly  be  divided  into  three  classes,  viz.:  non-reversing  single  speed  mills,  non- 
reversing  adjustable  speed  mills,  and  reversing  mills.  The  requirements  of  the  single  speed  mills  are  the  sim- 
plest from  the  standpoint  of  the  motor  equipment;  they  may  be  driven  by  either  direct-current  shunt  or  com- 
pound motors,  or  by  single-speed  induction  motors.  For  adjustable  speed  mills  two  speed  slip  ring  induction 
motors  have  been  used  to  a  limited  extent;  but  where  reasonable  efficiencies  are  demanded  the  so-called 
Scherbius  system  has  been  found  to  give  the  most  satisfactory  results  and  the  widest  range  of  speed.  The 
motors  driving  reversing  mills  are  subjected  to  extremely  severe  usage;  they  are  required  to  carry  tremendous 
overloads  at  all  speeds  in  either  direction  of  rotation  and  must  be  capable  of  rapid  acceleration.  Direct-cur- 
rent motors  are  used  lor  these  mills,  with  Ward  Leonard  system  of  speed  control  or  a  combination  of  Ward 
Leonard  and  motor  field  control.  The  satisfactory  operation  of  any  of  these  installations  is  dependent  upon 
the  control  apparatus,  and  the  design  and  construction  of  this  equipment  demands  equally  careful  considera- 
tion, down  to  the  minutest  details,  as  do  the  motors  themselves. — Editor. 

motors  for  driving  main  rolls,  which  motors 
have  a  combined  maximum  momentary  over- 
load capacity  of  approximately  450,000  h.p. 

Electrically-driven  main  rolls  may  be  sub- 
divided into  three  classes: 


It  is  safe  to  say  that  the  resources  of  few,  if 
any,  of  the  industries  of  this  country  were 
more  severely  over-taxed  during  the  war  than 
those  of  the  steel  industry.  The  mills  have 
been  called  upon  to  deliver  their  maximum 
otitput  and  in  many  cases  under  most  exacting 
specifications.  Extensive  additions  to  exist- 
ing mills  as  well  as  the  building  of  entirely 
new  works  have  been  necessary  to  at  all  keep 
pace  with  the  ever-increasing  demands  for 
increased  tonnage.  In  this  rapid  growth 
electricity  has  played  a  very  important  part 
in  every  branch  of  the  industry,  but  perhaps 
no  where  to  so  great  an  extent  as  in  the 
rolling  mills,  and  a  review  of  some  of  the 
important  new  developments  and  installations 
may  be  of  more  than  passing  interest. 

Because  the  main  roll  motors  are  usually 
housed  in  to  protect  them  from  the  mill 
dust,  it  is  frequently  impossible  to  get  good 
photographs  so  that  the  writer  has  used  some 
pictures  of  earlier  installations  to  illustrate 
the  various  types. 

During  1916,  1917,  and  1918  the  General 
Electric  Company  sold  approximately  150.000 
h.p.  (continuous  capacity  40  deg.  C.  rise  in 


First,  3-high  and  2-high  non-reversing  sin- 
gle speed  mills. 

Second,  3-high  and  2-high  non-reversing 
adjustable  speed  mills. 

Third,  2-high  reversing  mills. 

This  sub-division  is  a  natural  one  which 
follows  from  the  nature  of  a  rolling  mill  load, 
and  the  inherent  characteristics  of  the  shunt 
direct-current  motor  and  the  induction  motor. 
It  is  not  the  intention  of  the  writer  to  discuss 
at  length  the  engineering  problems  affecting 
the  choice  of  a  drive  to  meet  any  set  of  con- 
ditions, but  a  brief  outline  of  the  important 
considerations  will  assist  the  reader  in  under- 
standing why  a  particular  drive  is  used  in 
one  case  and  is  entirely  unsuited  in  another. 

Rolling  mills  may  iDe  divided  as  suggested 
above  into  three  classes  from  the  standpoint 
of  their  electrification:  first,  single  speed; 
second,  adjustable  speed  mills  which,  although 
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Fig.  1.     Typical  Load  Cycle  for  Single  Stand  of  Rolls 
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provision  must  l)c  made  for  reversing  ihcm, 
arc  only  reversed  in  an  cmcrjjency;  and  third, 
those  mills  which  arc  reversed  after  each  ])ass. 
The  first  and  sei-ond  classes  are  commonly 
referrctl  lo  as  non-reversinj:; 
and  the  third  class  as  revers- 
injj  mills. 

Mills  belonging  to  the  first 
or  second  class  may  consist  of 
a  single  three-high  stand  of 
rolls,  as  in  a  plate  mill,  or  a 
group  of  two-high  or  three- 
high  stands  or  both,  as  in  a 
merchant  or  rod  mill,  and 
driven  by  one  motor.  Mills 
of  the  third  class  consist  of  a 
single  two-high  stand  of  hori- 
zontal rolls,  as  in  the  revers- 
ing blooming  mill,  or  of  a  com- 
bination of  two  horizontal 
and  two  vertical  rolls  as  in 
the  universal  mills,  each  pair 
of  rolls  being  driven  by  a 
separate  reversing  motor,  or 
both  by  the  same  motor. 

The  curves  showing  the 
work  done  by  a  single  stand 
of  rolls  are  similar  for  all 
three  classes,  differing  onlj-  in 
that  the  rolls  for  the  even  and  „.    , 

odd  passes  run  m  opposite 
direction  in  the  reversing  mill. 
Fig.  1  shows  a  typical  load  cycle  for  a  single 
stand.  For  those  mills  which  consist  of 
several  stands  of  rolls  with  steel  simultane- 
ously in  more  than  one  stand,  the  load  curve 
is  a  combination  of  several  overlapping 
passes,  each  of  which  resembles  those  of 
Fig.  1,  but  which  combined  produce  a 
resultant  curve  of  which  Fig.  2  is  typical. 

Single  Speed  Mills 

Obviously  single  speed  mills,  class  one,  may 
be  driven  either  by  direct-current  shunt  or 
compound  motors  or  by  single-speed  induction 
motors;  but  since  power  is  distributed  as 
alternating  current,  induction  motors  are 
universally  adopted  as  the  motive  power  for 
these  mills.  Because  of  the  magnitude  and 
short  duration  of  the  loads,  advantage  is 
usually  taken  of  flywheels  to  assist  the  motors 
in  carrying  the  peaks,  in  which  case  special 
provisions  are  made  in  the  control  for 
automatically  inserting  resistance  in  the  rotor 
circuit  of  the  motor  when  the  load  exceeds 
a  predetermined  amount,  thus  causing  it  to 
slow  down  and  allow  the  flywheel  to  carry  its 
part  of  the  load.     Incidentally  the  flywheel 


performs  another  very  important  function 
l.»y  consideralily  reducing  the  mechanical 
shocks  which  would  otherwise  be  trans- 
mitted  back    from    the    mill    to    the   motor, 
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Typical  Load  Cycle  for  Multiple  Stand  Rolling  Mill  with 
Steel  Simultaneously  in  More  Than  One  Stand 

and  thereby  materially  increases  the  life  of 
the  windings. 

Adjustable  Speed  Mills 

While  shunt  or  compound  wound  direct- 
current  motors  may  be  used  to  drive  adjusta- 
ble speed  miUs,  the  speed-torque  characteris- 
'  tics  of  the  simple  slip  ring  induction  motor  are 
such  as  to  make  it  entirely  unsuited  for 
driving  these  mills.  Two-speed  slip  ring 
induction  motors  have  been  used  and  probably 
will  continue  to  be  used  to  a  limited  extent 
where  the  output  of  the  mill,  either  as  to 
variety  or  quantity  of  product,  is  such  that  a 
compromise  in  speeds  is  preferable  to  the 
greater  first  cost  of  obtaining  adjustable  speed 
control  over  the  whole  range. 

In  rheostatic  control  of  slip  ring  induction 
motors  resistance  is  inserted  in  the  rotor 
circuit  b}'  connecting  it  across  the  slip  rings. 
A  voltage,  the  magnitude  of  which  depends 
upon  the  current  and  resistance,  is  necessary 
to  force  the  rotor  current  through  the 
resistance  and  the  induction  motor  slows 
down  to  such  a  speed  that  the  voltage  at  its 
slip   rings  is   just   sufficient   to   produce   the 
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current  required  by  the  load  on  the  motor. 
Obviously,  as  the  current  varies  with  the 
load,  and  therefore  the  slip  ring  voltage 
necessary  to  force  the  current  through  the 


Fig.  3.      ,i.SUlJ-li.p. 


-  p.m.,  ■2200-volt,  60  cycle,  Single-speed  Ma 
a  Continuous   Mill 


Fig.  4.      4000-h.p.,  83.3-r.p.i 


,  6600-volt,  25  cycle,  Single-speed 
ig  110  in.  Shear  Plate  Mill 


resistance,  the  speed  of  the  induction  motor 
varies  with  the  load  for  any  given  setting  of 
the  controller  with  this  system  of  control. 
It  is  this  characteristic  which  eliminates  the 
induction  motor  from  consideration  for  driv- 
ing mills  of  the  second  class.     But  this  is  not 


the  only  harmful  characteristic  of  the  induc- 
tion  motor:    the    slip    energy,    which    is   all 
converted  to  heat  in  the  resistance,  is  wasted 
and  would  greatly  lower  the  efficiency  of  the 
induction  motor  were  there 
no  other  more  important 
defects    in    its    character- 
istics. 

It  is  apparent  that  if  we 
are  to  obtain  the  desired 
speed  characteristics  at 
reasonable  efficiencies  with 
the  induction  motor  driv- 
ing adjustable  speed  rolls,' 
we  must  oppose  the  volt^ 
age  at  its  slip  rings  bj'  a 
voltage  which  is  substan- 
tially independent  of  the 
current  or  load  and  con- 
serve the  slip  energy  which, 
with  rheostatic  control,  is 
dissipated  as  heat  in  the 
resistor.  Two  systeins  of 
control,  commonh'  referred 
to  as  the  Scherbius  system 
and  the  rotary  converter 
system,  both  of  which  meet 
these  requirements,  have 
been  developed  and  in 
operation  for  several  years 
in  connection  with  main 
roll  motors.  Of  these,  the 
so-called  Scherbius  system 
has  been  most  generally 
applied.  In  it  a  polyphase 
commutator  motor  witb 
shunt  field  excitation,  which 
will  be  referred  to  as  the 
regulating  motor,  is  con- 
nected across  the  slip  rings 
of  the  induction  motor  to 
be  controlled,  its  counter 
electromotive  force  oppos- 
ing the  voltage  across  the 
.'ilip  rings.  Ob^•iously,  bj'' 
varying  the  excitation  of 
the  regulating  motor,  the 
slip  ring  voltage  opposing 
its  counter  electromotive 
am-rcu  Motor  force  must  increase,  and  to 

bring  this  about  the  main 
motor  must  slow  down. 
Because  of  the  shunt  excitation  of  the  regulat- 
ing motor,  its  counter  electromotive  force 
and  therefore  the  speed  of  the  roll  motor 
remains  practically  constant  through  the- 
entire  range  of  loads  for  any  given  setting  of 
the  controller. 


I'li.i'ic  ruic  i)ki\'i';  I'nR  s'n;i;i,  mii.i,  maix  roi.i.s 


If  now  we  can  coiisor\-c  I  lie  enorj^y  liclivorcd 
to  the  regulating  motor  we  will  have  met  both 
the  olijections  to  the  rheostatic  control. 
This  may  be  done  either  by  mounting  the 

regulating  motor  on  the 
main  roll  shaft  with  the 
induction  motor  or  by  driv- 
ing a  generator  by  it  and 
returning  the  sli]:)  energy, 
less  the  losses  in  the  motor- 
gLMicrator,  to  the  power 
supply  system.  In  their 
operating  characteristics 
these  two  methods  are 
alike,  but  because  of  its 
lower  first  cost  the  latter 
method  has  been  univer- 
sally used.  With  this  sys- 
tem, the  speed  control  may 
be  obtained  all  below  syn- 
chronism (single  range  con- 
trol), or  part  above  and 
l.iart  below  synchronism 
(double  range  control). 
The  double  range  control  is 
cheaper  and  more  efficient 
than  the  single  range  sys- 
tem, and  although  there  are 
a  number  of  single  range  in- 
stallations they  were  all 
made  prior  to  the  develop- 
ment of  the  double  range 
system. 

In  the  rotary  converter 
system,  which  is  similar  to 
the  Scherbius  system  in 
principle,  a  rotary  con- 
verter is  connected  on  its 
a-c.  side  to  the  slip  rings 
of  the  induction  motor, 
thus  converting  the  slip 
energy  to  direct  current 
which,  as  in  the  Scherbius 
system,  may  be  used  either 
t6  drive  the  roll  shaft 
through  a  d-c.  motor  or 
returned  to  the  power  sup- 
I^ly  system  through  an 
inverted  motor-generator. 
There  are  manyobstaclesin 
the  way  of,  as  well  as 
very  little  to'  be  gained  in 
first  cost  by  the  development  of  this  system 
for  double  range  control,  which  fact  accounts 
for  all  of  these  installations  being  of  the 
single  range  type.  The  very  natural  question 
which  always  arises  when  alternative  methods 
for  accomplishing  any  result  are  available  is 


wliieh  of  the  two  is  the  better?  The  answer 
in  this  case  is  the  usual  one:  either  may  be, 
depending  upon  the  sjjecial  conditions  aflect- 
ing  any  given  installation. 


Fig. 


1500-h.p.,  4S0-r.p.i 


,  2200-volt.  30  cycle.  Single 
Driving  Skelp  Mill 


speed  Main-roll  Moto 


Fig. 


4000-h.p.,  82-r.p.m..  6600-voIt,  60  cycle.  Single-speed  Main-roll  Motor 
Driving  110-in.  Plate  Mill 


As  previously  stated,  the  Scherbius  system, 
because  of  its  many  advantages  over  its 
competitor,  is  more  generally  used.  Briefly 
these  advantages  are : 

Higher  efficiency. 

Lower  first  cost  except  in  special  cases. 
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Fig.  7.     Automatic  Control  for  Single-speed  Main-roll  Induction  Motor 

Power  factor  correction  obtained  with  no 
added  complication  and  with  little  or  no 
increase  in   first    cost.     Because   of   the 


difficulty  of  operating  synchron- 
ous converters  at  leading  power 
factor,  power  factor  correction 
cannot  be  obtained  with  the 
rotary  system. 
Greater  stability  when  main  roll 
motor  is  running  near  synchron- 
ous speed. 
Overload  capacity  of  main  roll 
motor  the  same  (150  per  cent 
overload)  at  or  near  synchronous 
speed  as  at  other  speeds.  This 
high  overload  capacity  at  these 
speeds  has  not  yet  been  obtained 
with  the  rotary  system  as  de- 
veloped commercially. 
The  synchronous  speed  of  the  main 
roll  motor  is  between  the  maxi- 
mum and  minimum  speeds.  This 
permits  of  running  the  main 
motor  alone  at  the  intermediate 
speed  and  saving  all  the  losses 
in  and  the  wear  and  tear  on  the 
regulating  set  at  this  speed,  which 
is  frequently  the  speed  at  which  a 
large  part  of  the  product  is  rolled. 
This  intermediate  speed  will  also 
be  found  advantageous  during  repairs  on 
theregulating  set.  With  the  rotarj' system 
themainrollmotor  without  regulationruns 


Fig.  8.      350-h.p.,  150/100 


1..  6600  volt,  Two-speed  Changeable  Pole  Ma 
12-in.  Finishing  Mill 


roll  Motor  Driving 


i:i.i:("rRic  1)RI\-ic  i'or  s'1'i:i;l  mii.i.  .\i.\i.\  rolls 


;ii:{ 


Fig.   9.      1400  QSC 
with  Rotary 


at maximuin  speed,  whith  will  he  tooliinh 
for  rolling  any  of  the  i>r()chK'ls  of  the  mill 
except  the  \ery  lif^hlest  sections  when  the 
rcLiulatin};  con\erler  is  shut  down,  if  the 
supply  system  is  2")  cycles. 

The  maximum  frequency  at 
which  it  is  advisable  to  ojierale 
Schcrbius  rej^ulatin^  motors  is 
approximately  20  cycles.  This 
limitation,  with  the  single  range 
system,  would  have  pro\-ed  a 
serious  disadvantage  where  the 
frequency  of  the  ])ower  sujjph-  is 
60  cycles,  but  with  the  double 
range  system,  which  is  now  uni- 
versally used,  20  cycles  is  seldom 
approached  in  meeting  the  mill 
speed  requirements. 

The  fitness  for  the  work  and 
the  thorough  reliability  of  the 
Scherbius  system  of  control  have 
been  demonstrated  by  years  of 
verj^  successful  operation  under 
the  most  extreme  speed  and  load 
conditions. 

Reversing  Mills 

It  is  safe  to  say  that  of  all  the 
applications  of  electric  motors, 
none  is  subjected  to  more  severe 
conditions  than  are  those  driving 
the  third  class,  or  reversing  mills. 
These  motors  are  frequently 
subjected  to  overloads  several 
times  their  continuous  capacity. 
They  must  carry  these  overloads 
throughout  the  full  range  of 
speeds,  from  rest  to  maximum 
speed  in  either  direction,  and  when 
driving  the  mill  or  operating  as  a 
generator  in  braking. 

In  breaking  dowm  large  ingots 
the  draft  is  large  for  the  first  passes 
and  the  piece  so  short  as  to  require 
less  than  one  revolution  of  the 
rolls  to  complete  the  pass  after 
the  steel  enters.  Unless  the  speed  ^"'  " 
of  the  rolls  is  kept  down  as  the 
ingot  is  entered,  the  rolls  will  not  bite  it,  and 
the  delivery  speed  must  be  low  to  prevent 
throwing  the  steel  onto  the  tables  in  such  a 
way  as  to  interfere  with  its  quick  manipula- 
tion. Further,  the  pass  is  so  short  that  no 
appreciable  gain  can  be  made  by  running  the 
mill  at  high  speed.  As  the  steel  lengthens 
out  and  the  section  and  drafts  are  reduced  the 


entering  and  delivery  speeds  are  increased 
and  consideraljie  lime  saved  by  rolling  at 
high  speeds  during  the  pass. 

A  motor  to  meet  these  conditions  must  havfc 

the  folldwini'  cliar.'ici eristics: 


4(ii  r  p  ni  ,    JJiHi  vuU,    Adjustable  Speed   Main-roll  Moto 
Speed  Control  Driving  21  in.  Structural  Mill  Showing 
Direct-connected  Direct-current  Motor 


325-kw.  Synchi 


Used  to  Co 
Mill  Motor 


ol  I400-h,p.  21- 


Its  speed  must  be  adjustable  over  the  full 
range  from  rest  to  maximum  speed  in 
either  direction  of  rotation,  and  when 
adjusted  for  any  speed  this  speed  must 
be  practically  independent  of  the  load. 

It  must  be  capable  of  carrying  extreme 
overloads  at  all  speeds  during  accelera- 
tion,  driving  the  mill  at  full  speed  or 
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Fig.  11.     1200-h.p.,  360-r.p.m.,  2300-volt,  Adjustable  Speed  Bar  Mill  Motor  with  Double  Range 
Scherbius  Control  Between  450-r.p.m.  and  270-r.p.in. 


during  regenerative  braking  in  slowing 
down  the  mill  at  the  end  of  the  pass. 
The  inertia  of  its  revolving  parts  must  be 
kept  low  to  permit  of  rapid  acceleration 
and  reversal.     This  is  necessary  as  the 
greater   part   of   the  time  consumed   in 
breaking  down  an  ingot  is  taken  between 
passes,   making  it   extremely  important 
not  to  add  the  least  amount  to  this  time 
by  the  use  of  motors  which  are  slow  in 
accelerating. 
These   conditions   can   be  met    by   direct- 
current    motors    controlled    by    the    Ward 
Leonard    system   throughout   the   full   speed 


range,  or  by  this  system  through  the  lower 
range  with  motor  field  control  for  the  upper 
range,  the  latter  being  universally  adopted 
because  of  its  effect  on  the  design  of  the 
generator  supplying  the  power.  The  per- 
centage of  the  total  speed  range  obtained 
through  generator  voltage  control.  Ward 
Leonard  system,  and  by  motor  field  control 
depends  of  course  upon  the  mill  requirements, 
but  in  general  the  Ward  Leonard  range  is 
about  one  third  the  total  range. 

The  problem  of  obtaining  the  maximum 
rate  of  automatic  acceleration  and  retardation 
and   at   the   same   time   providing   comi:ilete 


Fig.  12.     450-kv-a.  Double  Range  Scherbius  Speed  Regulating  Set. 


ELHCTkIC   DRIVi';   !•(  )R  STI-:i:i.  MILL  ALAIN   ROLLS 


■.iirt 


Fig.  13.     600-h.p.,  500-r.p.m.,  3000-volt,  Adjustable  Speed  Motor  with  Double  Range  Scherbii 
Control  Between  550-r.p.m.,  and  370-r.p.m.  Driving  8-in.  Merchant  Mill 


adjustable  speed  control  throughout  the 
complete  speed  range  is  a  nice  one,  involving 
not  only  a  study  of  the  load  conditions  but  a 
very  careful  study  of  the  magnetic  character- 
istics of  both  the  motor  and  its  generator. 
The  best  results  can  be  obtained  by  the  use 
of  a  motor-driven  controller  ^vhich  is  operated 


Fig.  14.     Motor  Room  Showing  Adjustable  Speed  Rod  Mill  F 
and  Finishing  Motors  with  Scherbius  Speed  Regulating  i 

from  a  small  "follow  up"  master  controller 
controlled  by  the  mill  operator. 

A  flywheel  motor-generator  is  always  used 
for  supplying  power  to  the  roll  motors,  the  fly- 
wheel serving  to  iron  out  the  peaks  from  the 
load,  which  are  extremely  high  and  of  very 
short  duration,  and  which  would  otherwise  be 
reflected  back  to  the  power  system. 


Experience  has  shown  that  the  varying 
requirements  of  reversing  mills  can  best  be 
met  by  the  standardization  of  a  small  number 
of  generator  and  motor  units,  combining  one 
or  more  of  these  standard  units  into  sets,  de- 
pending upon  conditions,  to  drive  a  mill.  Dif- 
ferent methods  have  been  employed  by  differ- 
ent manufacturers  in  rating  these 
units  and  combinations  of  them 
where  more  than  one  unit  has 
been  necessary  to  drive  a  mill,  but 
the  logical  and  onh'  safe  way  from 
the  purchasers'  standpoint  is  to 
insist  on  their  being  given  a 
rating  based  on  their  continuous 
rapacity.  The  "every  ingot" 
maximum  capacity,  that  is,  the 
maximum  load  which  the  equip- 
ment will  carry  at  as  frequent 
intervals  ar.  once  during  the 
rolling  of  each  ingot,  and  the 
maximum  emergency  capacity 
must  be  stated,  but  they 
should  not  be  included  in  the 
rating. 

The  General  Electric  Company 
has  developed   two  standard  re- 
oughing  versing  mill  motor  units  and  two 

'''^  standard  generator  units  having 

the    following    continuous    and    momentary 
capacities : 

Main  Roll  Motors 

2500  h.p.,  50/120  r.p.m.,  with  8500  h.p. 
maximum  momentarv  capacit}-  at  45  r.p.m. 

3500  h.p.,  150/175  r.p.m.  with  8500  h.p. 
maximum  momentary  capacity  at  150  r.p.m. 
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Generators 

2000  kw.  at  375  r.p.m.  or  360  r.p.m. 
2800  kw.  at  375  r.p.m.  or  360  r.p.m. 

Equipments  consisting  of  one  and  two 
motor  units  and  of  one,  two  and  three 
generator  units  have  been  installed. 


?r -f  ' — ^ 

^'^I^HHH 

BfflHB 

Fig.  15.      Transformer  Master  Controller  and  Contactor  Panel  f 
Speed  with  Double  Range  Scherbius  Equipment 

Growth  in  the  steel  industrj'  has  followed 
along  lines  similar  to  those  of  other  industrial 
developments.  The  small  mill  capable  of 
rolling  a  wide  variety  of  shapes  has  given 
way  to  the  large  mills  designed  for  a  limited 
variety  of  output.  To  the  mill  man  this 
has  meant  increased  production  and  lower 
cost,   but   to   the   electrical   engineer   it   has 


meant  simplification  of  the  drive  and  in- 
creased load  factor  at  the  station.  Single 
speed  motors  can  be  used  where  under  the 
old  condition  reversing  or  adjustable  speed 
motors  were  necessary,  or  the  range  of 
speeds  has  been  reduced  where  even  under 
the  new  condition  adjustable  speed  motors 
are  required,  as  is  frequently 
the  case  for  the  finishing  end 
of  a  mill,  the  roughing  or 
intermediate  stands  of  which 
are  driven  by  single  speed 
motors.  We  are,  therefore, 
not  surprised  to  find  that 
more  adjustable  speed  than 
reversing  motors  have  been 
used,  and  that  more  single 
speed  motors  than  all  others 
combined  have  been  in- 
stalled. 

The  severity  of  steel  mill 
service,  to  which  reference  has 
already  been  made,  cannot 
be  too  strongly  emphasized. 
The  purchaser  cannot  safely 
r  Controlling  ncglect  to  thoroughly  inves- 

tigate the  mechanical  design 
as  well  as  the  electrical  char- 
acteristics   of    the    equipment    which    he    is 
purchasing. 

The  load  comes  on  abruptly,  producing 
enormous  strains  in  all  parts  of  the  machine 
but  more  especialty  in  the  shaft  and  rotor 
spider  and  windings.  It  is  not  satisfactory 
to  simply  make  the  shaft  stronger  than  any 
part  of  the  mill — it  must  be  of  such  section 


Fig.  16.     Secondary  Control  Panel  for  Main  Motor  with  Double  Range  Scherbius  Speed  Regulating  Set 
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that  it  will  wilhstaiul  tlii'  hriakint;  ul  a 
spiiulle  willunil  straining  the  shaft  licyoiid 
the  clastic  limit.  The  rotor  si)i(kT  should 
be  of  steel  exeei)t  for  the  \-ery  small  units. 

The  j^rindinj:;  of  the  jjears  between  the 
upper  and  lower  rolls  jiroduees  vibrations 
which  are  transmitted  back 
to  the  wintlinjjs  which,  unless 
the  windinj^s  are  rij^'iilly  sup- 
ported and  thorouj.;hly  insu- 
lated, may  materially  shorten 
their  life. 

When  the  piece  enters  the 
rolls  severe  side  thrusts  are 
produced  in  the  mill  and 
transmitted  to  the  motor 
if  direct  connected,  which 
thrusts  must  be  taken  up  in 
a  thntst  collar  or  bearing. 
Occasionally  extreme  side 
thrusts  are  produced  by  an 
accident  in  the  mill  and  pro- 
vision for  taking  these  without 
injury  to  the  motor  should 
always  be  made.  Where  the 
motor  drives  from  one  end 
only,  the  protection  against 
side  thrusts  is  readily  provided 
by  the  use  of  the  so-called 
"mechanical  fuse,"  or  break- 
able end  thrust  device  familiar 
to  all  steel  mill  electrical  engi- 
neers. The  pedestals  which 
must  ultimately  take  up  this 
side  thrust  must  be  massi\e 
and  low. 

Tonnage  and  more  tonnage 
is  the  aim  of  all  the  rollers,  in 
many  cases  their  pay  being 
affected  by  the  output  of  their 
mill,  and  this  spurs  them  on 
to  take  advantage  of  every 
ounce  of  torque  in  the  motor, 
and  the  motor  which  has  been 
shaded  in  capacity  is  doomed 
to  discredit  if  not  disaster. 
A  small  sa\-ing  in  first  cost 
may  handicap  a  w^hole  mill 
throughout  its  life. 

The  mill  air  is  filled  with  an 
abrasive  and  often  conducting 
dust    ft-hich,  unless  kept    out 
of  the  motor  windings,  will  shorten  the  life 
of  the  insulation.     Trouble  from  this  source 
can  almost  always  be  avoided  by  properly 
housing  the  motors,  which  is  now  the  general 
practice   in    those    plants   which    pretend  to 
take  reasonable  care  of  any  of  their  equip- 


ment. In  housinj^  in,  space  for  the  free 
circulation  of  air  should  be  provitlcfl  all 
around  the  motor,  and  clean,  cool  air  sujiplied 
from  an  external  .source  unless  the  room  is 
sullicienlly  large  to  jirovide  the  radiating 
surface   necessary   to   keep   the   temperature 


Fig.  17.     Motor  Room  Showing  2500-h.p.  Direct-current  Reversing  Mill  Motor 
and  2000-kw..  2-Unit  Flywheel  Motor  Generator  for  36-in.  Blooming  Mill 


Fig.  18.     2500-h.p..  40/120-r.p.m.,  500-volt,  Reversing  Mill  Motor  Driving 
36-in.  Blooming  Mill 

of  the  air  around  the  motor  reasonably  low. 
But  little  trouble  has  been  experienced  from 
this  cause  where  motors  have  been  housed  in, 
but  the  fact  that  all  the  losses  in  a  motor  are 
converted  into  heat  must  not  be  lost  sight  of 
and  provision  made  for  taking  care  of  this 
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heat  if  the  motor  is  to  operate  within  safe 
temperature  limits. 

Frequent  inspection  of  the  equipment 
should  be  made  and  the  windings  thoroughly 
cleaned  if  there  is  any  tendency  for  dirt  to 
accumulate.  Occasionally  varnishing  the 
windings,  as  is  done  in  many  plants,  will 
materially  increase  their  life. 

It  is  a  wonderful  sight  to  see  the  progress  of 
the  steel  in  the  mill  as  it  is  changed  from  a 
crude  ingot  into  a  rail  or  a  structural  shape  by 
a  few  passes  between  the  rolls,  and  to  realize 
the  tremendous  forces  required,  and  then 
go  back  into  the  motor  house  and  see  the 
motor  "plugging"  along,  giving  no  outward 


careful  consideration  which  has  been  given 
to  the  minutest  details  of  the  control  as  to 
the  design  of  the  motors  themselves. 

The  control  for  the  single  speed  motors 
without  flywheels,  which  provides  only  for 
starting,  stopping,  and  reversing,  is  com- 
paratively simple  but  increases  in  complica- 
tion with  the  use  of  flywheels,  as  the  duty  of 
forcing  the  flywheel  to  help  out  the  motor 
during  the  peak  loads  falls  on  the  control. 
Several  methods,  all  of  which  involve  the 
automatic  insertion  of  resistance  in  the  main 
motor  rotor  circuit,  have  been  developed. 
As  we  pass  from  the  simple'single  speed  mills 
to  the  adjustable  speed  and  reversing  mills 


Fig.  19.      5000-h.p.,  50   120-1 


I.,  600-volt,  Direct  Current  Reversing  Mill  Unit  Driving  Blooming  Mill 


indication  of  the  enormous  work  which  it  is 
doing. '  So  impressive  is  this  exhibition  of 
power  that,  unless  the  observer  is  a  specialist, 
he  may  leave  the  motor  house  without  ever 
realizing  that  it  contains  anything  but  the 
motor,  and  at  best  he  will  not  give  the  con- 
trol more  than  a  passing  glance. 

Nevertheless  the  success  or  failure  of  these 
giants  of  power  is  often  tied  up  in  this  control 
tucked  off  in  one  corner  of  the  room,  and  too 
great  importance  cannot  be  attached  to  the 
problems  involved  in  the  design  of  its  elements 
or  to  the  design  of  the  control  as  a  whole. 
It  is  no  exaggeration  to  say  that  the  complete 
success  which  has  attended  the  application 
of  motors   to  mills  is  due  as  much  to   the 


the  combinations  of  control  devices  required 
to  accomplish  the  desired  result  and  protect 
the  motor  from  abuse  appear  to  become  com- 
plicated because  of  the  number  of  elements 
involved,  but  their  simplicity  will  be  revealed 
by  a  careful  analysis  of  the  circuits.  Their 
thorough  reliability  has  been  demonstrated  by 
years  of  entirely  successful  operation. 

In  the  design  of  control  every  attention 
must  be  given  to  the  question  of  repairs. 
The  number  and  variety  of  elements  must  be 
reduced  to  a  minimum  and  the  parts  which 
require  renewals  made  accessible.  Safet}'  of 
the  operator  is  of  paramount  importance. 
Apart  from  humanitarian  considerations,  the 
safety   of  an  installation  has  an  important 
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hearing  on  the  cost  of  ])ro(iucti()n  and  mnne>- 
judicioHsh'  expended  for  safety  appliances 
will  brinj;  large  returns  on  the  investment 

Safety,  accessibility,  flexibility  and 
thorough  reliability  are  the  conspicunus 
features  in  the  design  of  the  rem()\ai)le  truck 
safety-first  switchboard  units  wliich  are  of 
especial  interest  to  all  steel  mill  operators, 
especially  where  several  motors  are  controlled 
from  one  board.  Extensions  can  readily  be 
made  or  the  units  moved  to  other  locations  to 
meet  changed  conditions.  All  live  parts  are 
enclosed.  A  spare  removable  unit  can  be 
used  to  reduce  to  a  minimum  the  time  lost  for 


The  portable  truck,  which  is  mounted  on 
wheels,  carries  a  sheet  steel  panel  on  which  is 
mounted  the  usual  switches  and  instruments. 
The  truck  is  centered  by  rails  ujjon  which  it 
rolls. 

Control  boards  ranging  from  single  jianel 
iniits  to  17  panels  are  now  in  use  in  rolling 
mills  and  in  many  other  plants  where  the 
question  of  safety  is  given  careful  consi<lera- 
tion. 

Having  outlined  a  few  of  the  fundamental 
considerations  which  afTect  the  application  of 
motors  to  steel  mill  main  rolls,  it  may  be  of 
interest  to  refer  briefly  to  a  few  of  the  larger 


loom  Showing  5000-h.p.,  Reversing  Mill  Motor  and  4000-kw.,  3-Unit  Flywheel 
Motor  Generator  Set  for  Driving  Reversing  Blooming  Mill 


inspection  and  repairs.  When  removing  the 
fruck  the  busbars  need  not  be  killed  or  small 
'wiring  disturbed.  Oil  switches,  busbars,  and 
all  live  parts  are  in  compartments  which 
reduce  fire  hazard. 

The  stationary  member  carries  the  current 
and  potential  busses  with  their  disconnecting 
switch  studs.  Barriers  are  used  between  the 
current  studs  to  prevent  accidental  contact 
by  any  one  who  enters  the  compartment. 
The  side  walls  are  provided  with  hand  holes, 
permitting  the  busbars  and  buswires  to  be 
continued  from  one  unit  to  the  next.  Access 
to  the  rear  of  a  compartment  can  be  had  by 
means  of  a  hinged  sheet  steel  door  provided 
with  padlock. 


and  more  important  of  the  recent  installations 
which  are  typical  of  modern  practice. 

It  is  difficult  to  determine  which  among 
many  installations  is  most  important,  as 
after  all,  importance  is  largely  determined 
by  the  point  of  view  of  the  observer  and  it  is 
quite  possible  that  to  another  looking  from  a 
different  angle  the  relative  position  of  those 
which  I  have  chosen  with  respect  to  other 
installations  may  appear  entirely  different, 
for  in  considering  these  installations  the 
writer  has  tried  to  \-iew  them  only  from  the 
standpoint  of  the  motors  driving  the  mills. 
It  is  also  difficult  to  know  where  to  end  such 
a  list  as  the  writer  has  undertaken  to  prepare, 
and  if  he  has  omitted  reference  to  anv  installa- 
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TABLE  I 

Initial  Installation  of  Adjustable  Speed  Main  Roll  Induction  Motors  with  Double  Range  Scherbius  Control, 

MacDonald  Bar  Mills  Carnegie  Steel  Company 


Syn. 

Range  of 

H.p.  at 

Speed 

Speed    Control 

Driven    Mill 

Max.  Speed 

R.p.m. 

R.p.m. 

3000 

25 

250 

200  to  300 

12  in.  Continuous  Hoop  Mill 

3000 

25 

250 

225  to  275 

10  in.  Continuous  Bar  Mill 

2200 

25 

250 

,  225  to  275 

14  in.  Continuous  Bar  Mill 

2200 

25 

250 

275  to  300 

18  in.  Continuous  Band  Mill 

1800 

25 

375 

300  to  450 

10  in.  Continuous  Hoop  Mill 

1650 

25 

375 

337  to  413 

10  in.  Continuous  Bar  ^lill 

2 

1200 

25 

375 

300  to  450 

8  in.  Continuous  Hoop  Mill 

1 

1100 

25 

375 

337  to  413 

8  in.  Continuous  Bar  Mill 

TABLE  II 
List  of  Main  Roll  Motors  at  Fairfield  Works,  Tennesse  Coal 


Iron  Railroad  Company 


No.  of 

Units 

Cont.  Cap.       '                                              Syn. 
H.p.   at                 Frequency       1            Speed 
Max.  Speed                                                  R.p.m. 

Range  of 

Speed  Control 

R.p.m. 

Driven  Mill 

1 
1 
1 
1 

5600 
4000 
3000 
2500 

D.C. 
60 
60 
60 

82 
144 
82 

0  to  120 
None 
130  to  155 

None 

44  in.  Reversing  Blooming  Mill 
36  in.  by  110  in.  Plate  Mill 
24  in.  Structural  Finishing  Mill 
28  in.  Structural  Roughing  Mill 

TABLE  III 
Motor  Installation  at  the  Lackawanna  Steel  Plant 


No.  of 
Units 

Cont.  Cap. 

H.p.  at 
Max.  Speed 

Frequency 

Syn. 
Speed 
R.p.m. 

Range  of 

Speed  Control 

R.p.m. 

Driven  Mill 

7000 

1200 

700 
700 
600 

D.C. 

25 

25 
25 
25 

214 

300 
300 

500 

0  to  150 

150  to  300 

200  to  400 
200  to  400 
400  to  600 

Finishing  End  o£  Rail  Mill 
f  4  Stands  12  in.  Roughing  Rolls 
\  2  Stands  10  in.  Finishing  Rolls 

Finishing  Stands 

Finishing  Stands 

7}^-in.  and  8J^-in.  Finishing  Stands 

TABLE  IV 
Main  Roll  Motors  at  the  Trumbull  Steel  Plant 


No.  of 
Units 

Cont.  Cap. 

H.p.  at 
Max.  Speed 

Frequency 

Syn. 
Speed 

R.p.m. 

Range   of 

Speed  Control 

R.p.m. 

Driven  Mill 

5000 

3500 
3500 
1500 
1200 
1200 
1200 

D.C. 
60 
60 
60 
60 
60 
60 

92 
92 
360 
360 
360 
360 

0  to  120 
None 
None 
270  to  450 
270  to  450 
270  to  450 
270  to  450 

36  in  Reversing  Blooming  Mill 

Continuous  Mill 

Continuous  Mill 

Hot  Strip  Mill 

Hot  Strip  Mill 

Hot  Strip  MiU 

Hot  Strip  Mill 

TABLE  V 
Individual  Installation  Main  Roll  Motors,  Maryland  Works  of  Bethlehem  Steel  Company 


No.  of 
Units 

Cont.  Cap.  • 

H.p.  at 
Max.  Speed 

Frequency 

Syn. 
Speed 
R.p.m. 

Range  of 

Speed  Control 

R.p.m. 

Driven  Mill 

1 

1 
! 

1 

5000 
4000 
4000 
3250 

DC 

25 
25 
25 

83.3 
83.3 

94 

0  to  120 
•  None 
None 
None 

40  in.  Reversing  Blooming  Mill 
36  in.  bv  110  in.  Shear  Plate  Mill 
24  in.  Billet  Mill 
18  in.  Sheet  Bar  Mill 
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tioii  wiiich   warrants  mciuion   this  omission 
has  been  entirely  unintentional. 

The  installation  of  adjustable  speed  main 
roll  induelion  motors  with  double  ranj^e 
Scherbius  conlrt)l  at  the  AlacDonald 
Bar  Mills  of  the  Carnegie  Steel  Com- 
pany at  Youngstown,  Ohio,  is  the 
largest  in  the  world,  there  being  nine 
units  having  a  comlnned  continuous 
capacity  of  17,000  h.\i.  The  initial 
installation,  which  is  only  a  f)art  of 
the  ultimate  equipment,  is  given  in 
Table  I. 

The  main  roll  drives  at  the  new 
Fairfield  Works  of  the  Tennessee 
Coal,  Iron  &  R.R.  Company  are  of 
especial  interest  because  of  the  44  in. 
reversing  blooming  mill,  which  is  the 
largest  electrically  driven  mill  of  this 
type  in  America  when  considered 
from  the  standpoint  of  maximum 
torque  delivered  at  the  rolls,  which 
torque  corresponds  to  approximatelv 
22.000  h.p.  at  50  r.p.m.  The  mill  is 
driven  by  a  two-unit  standard  revers- 
ing motor  set  which  receives  power 
from  a  6000-kw.  flywheel  motor 
generator,  the  direct  current  end  con- 
sisting of  three  standard  2000  kw. 
generating  units.  This  plant  also 
contains  two  of  the  largest  slow 
speed,  single  speed,  GO-cycle  mill 
motors  and  the  largest  60-cycle  adjustable 
speed  mill  motor  with  double  range  Scherbius 
control.     (Table  II.) 


range  control,  we  have  the  largest  electrically 
driven  reversing  mill  in  the  world,  considered 
from  the  standpoint  of  the  continuous 
caiiacity    of    the    driving    motors,    which    is 


Fig.  21.      Removable  Truck  Safety  First  Switchboard 
Unit  with  Truck  Pulled  Out 

At  the  Lackawanna  steel  plant,  in  addition 
to  four  adjustable  speed  drives  with  double 


Fig.  22.     Control  for  Reversing  Blooming  Mill  Motor 

7000  h.p.  This  installation  comprises  the 
equipment  listed  in  Table  III. 

The  Trumbull  steel  plant  stands  with  the 
leaders  in  point  of  number  and  capacity  of 
electrified  main  rolls,  this  instaUation  consist- 
ing of  seven  units  ha^'ing  a  combined  con- 
tinuous capacity  of  17,100  h.p.  Of  particular 
interest  is  their  continuous  hot  strip  mill, 
driven  entirely  by  adjustable  speed  induction 
motors  with  double  range  Scherbius  control, 
which  is  reputed  to  be  the  fastest  mill  of  its 
kind.  The  36-in.  reversing  blooming  mUl 
has  also  given  an  excellent  account  of  itself. 
Table  I\'  gives  a  summary  of  the  mills  and 
their  drives. 

Almost  immediately  after  the  Bethlehem 
Steel  Company  had  taken  over  the  Maryland 
Steel  Works,  which  is  now  known  as  the  !\Iary- 
land  Works  of  the  Bethlehem  Steel  Company, 
extensions  of  the  plant  were  begun  on  a  very 
large  scale.  New  mills  are  being  added,  all  of 
which  are  to  be  electrically  driven,  and  while 
this  installation  does  not  now  stand  at  the 
head  of  the  list  in  point  of  number  and 
capacity  of  units,  it  is  second  to  none  in 
point    of     future    possibilities.       Our     main 
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roll  drives  included  in  this  first  development 
are  listed  in  Table  V. 

One  installation,  although  not  in  the  least 
conspicuous,  either  as  to  the  capacity  or 
number  of  motors,  is  extremely  interesting 
because  of  the  record  time  in  which  it  was 


Fig.  24.      Removable  Truck  Safety  First  Switchboard 

installed,  the  uninterrupted  operation  of  the 
miU  from  the  start,  and  its  tonnage  record. 
I  refer  to  the  110  in.  "Liberty"  plate  mill 
driven  by  a  4000-h.p.,  S3.3-r.p.m.  single- 
speed  induction  motor  which  was  installed 
complete  at  the  Homestead  Works  of  the 
Carnegie  Steel  Company  in  six  months  from 
the  day  orders  were  issued  to  start  work  and 
which  has  rolled  over  20,000  tons  of  ship 
plates  in  a  single  month. 

The  application  of  motors  to  tire  rolling 
mills  is  of  interest  because  of  the  novelty  of 
the  mills  and  of  their  special  power  require- 
ments. The  tire  blank,  which  is  simply  a 
disk  with  a  hole  piercec'  at  the  center,  is 
placed  in  the  mill,  which  is  either  stationary 
or  turning  at  a  slow  speed.  The  forming  rolls 
are  then  brought  to  bear  on  the  piece  and  the 
mill  speeded  up  as  the  blank  is  gradually 
rolled  out  into  a  tire.  The  range  of  speed 
control  is  the  same  as  that  for  a  reversing 
mill,  but  the  cycle  differs  from  that  of  the 
reversing  mill  in  that  it  consists  in  but  one 
pass  and  the  mill  is  not  reversed  during  the 
pass.  Two  very  interesting  installations  have 
been  made  in  which  the  rolls  are  driven  by 
direct-current  motors  controlled  on  the  Ward 
Leonard  system,  each  taking  power  from  a 
flywheel  motor-generator  similar  to  that  used 
for  reversing  mills. 


The  motor  driven  intensifier  for  the  large 
hydraulic  bloom  shear  which  is  now  being 
installed  by  the  Tennessee  Coal  &  Iron  R.R. 
Co.  is  one  of  the  most  important  new  develop- 
ments in  the  application  of  motors  to  the  mill. 
While  it  is  in  no  sense  a  main  roll  drive, 
the  cycle  of  duty  so  closely 
resembles  that  of  a  reversing 
mill  that  standard  reversing 
mill  equipment  is  used  to  drive 
it,  which  is  perhaps  sufficient 
',  reason  for  referring  to  it  in  this 

4  |japer. 

%/  '  The  hydraulic  intensifier  can 

■ ,  be  considered  simply  as  a  reduc- 

ing gear  between  the  motor  and 
the  shear,  the  travel  of  the  piston 
in  the  intensifier  corresponding 
both  in  direction   and  distance 
with  that  of    the    shear.     The 
motor,  which  drives  the  piston 
of  the  intensifier  through  a  rack 
and  pinion,   must  reverse  with 
each   stroke  of    the   shear   and 
vary  in  speed  with  the  speed  of 
the  shear  as  larger  and  smaller 
sections  are  cut. 
This    same    method    is    applicable    to    the 
operation    of     hydrauHc    presses,     and    the 
successful  operation  of   the  Tennessee  Coal, 
Iron  &  R.R.  bloom  shear  will  open  up  a  very 


Fig.  23.     Removable  Truck  Safety  First  Switchboard 
Unit  with  Truck  in  Position 

extensive  and  interesting  field  for  the  applica- 
tion of  standard  reversing  mill  equipments 
which  will  compare  very  favorably  in  size 
with  those  required  by  some  of  our  largest 
reversing  mills. 
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Direct-current  Mill-type  Motors  for 
Steel  Mill  Auxiliary  Drives 

By  j.  1).  \Vki.;iit 

I'owEK  ANu  Mining  Enginkkkinu  UicrAkiMiisi,  (iKNiiKAi-  I-^i-i;ctkic  Cojir'ASV 

As  pointed  out  by  the  author,  the  continuous  operation  of  a  mill  is  as  dependent  upon  certain  of  its  auxiliary 
drives  as  it  is  upon  the  main  drive  itself.  Therefore,  since  "the  chain  is  no  stronger  than  its  weakest  link, 
and  these  motors  are  subjected  to  a  particularly  arduous  duty,  the  greatest  care  must  be  exercised  in  their 
design  and  manufacture.  The  motors  are  built  in  both  the  enclosed-frame  and  open-frame  types  and  in  a 
variety  of  sizes  ranging  from  3  to  275  h.p.  This  article  compares  the  details  of  construction  of  the  enclosed- 
frame  and  open-frame  type  motors,  and  furnishes  very  complete  information  concerning  ratings,  bearings, 
brushes,  and  poles  of  the  various  sizes  of  motors. — Editor. 

Frames 

MD  Motcrs  (Figs.  1,  2,  .'i.  4,  and  19). 
These  motors  are  built  totally  enclosed  in 
horizontally  split  steel  frames,  the  two  halves 
of  which  are  held  together  by  four  large 
corner  bolts.  In  the  sizes  in  which  com- 
mutating  poles  are  used  the  poles  located  near 
the  split  are  held  entirely  in  the  lower  half, 
the  frame  being  offset  in  a  simple  manner  to 
provide  for  this.     Four  heavy  feet  are  pro- 


It  has  become  the  custom  to  designate  b\- 
the  term  "auxiliary  drives"  such  drives  as 
are  applied  to  ingot  buggies,  screw  downs,  mill 
tables,  manipulator  fingers  and  side  guards, 
tilting  tables,  chain  conveyors,  etc.  The 
necessity  of  uninterrupted  operation  of  any^ 
and  all  of  these  auxiliaries  is  no  less  urgent 
than  that  of  the  main  drive.  A  failure 
occurring  in  any  one  of  these  drives  stops  the 
operation  of  the  entire  mill  just  as  effectively 
as  does  the  failure  of  the  main  drive  itself. 
The  duty  of  the  motor  which  is  applied  to 
these  drives  is  frequently  very  severe, 
especially  on  front  and  rear  mill  tables  and 
screw  downs  where  the  motor  is  started, 
stopped  or  reversed  as  often  as  15  times  per 
minute. 

To  meet  this  exceptionally  heavy  duty  the 
General  Electric  Company  developed,  some 
years  ago,  a  complete  line  of  direct -current 
mill  type  motors.  These  motors  are  of 
very  heavy  and  rugged  construction  and 
have  been  successfully  applied  to  all  heavy 
dut}'  drives  in  steel  mills  and  to  other  locations 
where  the  operating  conditions  partook, 
more  or  less,  of  the  nature  of  mill  service. 

Nomenclature 

AID — Enclosed  frame,  direct  current. 

MDS — Open  frame,  direct  ctirrent. 

Forms  A  and  AA — without  countershaft 
brackets. 

Forms  B  and  BB — with  countershaft 
brackets. 

These  motors  will  carry  loads  varying 
instantaneously  between  free  running  and 
100  per  cent  overload  with  black  commuta- 
tion, and  will  carry  without  serious  sparking 
much  greater  overloads. 

Owing  to  the  heat  resisting  character  of  the 
insulation  these  motors  can  operate  for  con- 
siderable periods  of  time  at  temperatures  of 
l.")0  deg.  C.  without  serious  deterioration. 


RATINGS 
ENCLOSED  FRAME  (MD)  MOTORS 


MILL   60    MIN-. 

CRANE 

30     MIK. 

SPEED  FULL  LOAD 

SPEED 

Frame 

HP 

230 
Volts 

550 
Volts 

H.P. 

230          550 
Volts      Volts 

101 

3 

1175 

1350 

5 

825        925 

102 

7 

1025 

1250 

10 

800     1000 

103 

12 

875 

1050 

16 

725       875 

104 

20 

725 

850 

30 

575       650 

1043^ 

30 

625 

700 

45 

500 

550 

105 

40 

550 

575 

50 

475 

525 

106 

60 

550 

600 

80 

475 

525 

107 

80 

525 

550 

105 

460 

500 

108 

100 

500 

530 

140 

425 

460 

109 

150 

435 

475 

200 

385 

425 

OPEN  FRAME  (MDS)  MOTORS 


CONTINUO 

JS 

6 

)  MIN. 

Frame 

SPEED  FULL  LOAD 

SPEED 

FULL   LOAD 

H.P, 

230 

Volts 

550 

Volts 

H.P. 

230            550 

Volts  1   Volts 

102 

6 

1150 

1375 

9 

875 

1075 

103 

10 

1000 

1175 

15 

750 

900 

104 

20 

725 

850 

27.5 

625      675 

105 

30 

600 

650 

40 

550       575 

106 

50 

o/o 

650 

63 

525      590 

107 

70 

550 

600 

87 

500      530 

108 

90 

500 

550 

115 

450      500 

109 

135 

460 

500 

170 

400       450 

imVi 

175 

475 

525 

230 

425       475 

no 

200 

425 

450 

275 

370      400 
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vided,  each  foot  being  drilled  for  one  foun- 
dation bolt.  Wrought  iron  bails  cast  in  the 
upper  half  of  the  frame  provide  a  con- 
venient means  of  handling  the  motor. 

All  sizes  up  to  and  including  frame 
107  are  pro\ided  \\ith  hinges  to  facih- 
tate  handling  the  uppei  halt 

tic 


instead  of  a  single  box  type  upper  half  of 
frame,  as  is  the  case  with  the  MD  motors. 


MD-I02.  7-h.p.,  1025-r.p.m.,  230-volt, 
Series-wound,  Mill-type  Motor 

One  large  opening  in  the  frame  is 
provided  directly  over  the  commutator, 
giving  ready  access  to  commutator  and 
brushes.  Other  frame  openings  are  pro- 
vided for  inspection  of  the  armature  and 
field  coil  connections,  and  all  openings 
have  malleable  iron  covers  fitted  and 
held  in  place  by  locking  levers  or  bolts. 

On  all  sizes  except  frame  110,  pads 
are  provided  on  the  lower  half  of  the 
frame  for  mounting  a  gear  case  at  either 
end,  and  also  for  mounting  a  solenoid 
brake  at  either  end. 

MDS  Motors  (Figs.  5  and  6).  The 
construction  of  the  MDS  motor  differs 
from  that  of  the  MD  motor  in  that  the 
upper  half  is  entirely  open.  The  lower 
half  is  very  similar  to  that  of  the  MD 
motor  but  with  several  large  cored  open- 
ings, the  material  in  the  frame  being 
distributed  to  give  maximum  venti- 
lation without  sacrificing  mechanical 
strength. 

The  foundation  drilling,  length  of 
shaft,  shaft  extensions,  height  of  shaft 
above  feet,  gear  centers,  and  in  fact  all 
essential  dimensions  are  alike  in  the  two 
lines  of  motors.  The  complete  MDS 
motors  are  therefore  interchangeable  in 
the  same  foundations  with  the  corre- 
sponding MD  motors. 

The  only  difference  in  construction 
between  the  MD  and  MDS  motors  are 
those  which  are  obvious  from  the  illus- 
trations of  the  two  types  of  machines, 
these  differences  consisting  in  the  use  of 
separate  bearing  caps  and  magnet  yoke 


MD-104"2,  30-h  p  ,  600-r  p  m.,  230-volt, 
Series  wound,  Mill  type  Motor 


MD-109,  150-h.p.,  435-r.p.m..  230-volt, 
ompound-wound.  Mill-type  Motor 


^o 


Fig.  4.      MD-105,  40-h.p.,  550-r.p.m.,  230-volt.  Series-wound, 
Mill-type  Motor,  with  Upper  Half  Raised 


i)iRi:(-i-.cL'RRi;.\'r  mi 
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Armature  Bearings 

MD  Motors.     Annaturc   hearing   liousinj^s 
form  part  of  the  frame  castiiij^'s.     Tlic  bearing 
linings   are   cast   steel    babl)illc(l.     Oil    ring 
lubrication    is    standard.     The    two 
halves    of    the    bearing    linings    are 
together  and  a  lifting  bail  is  cast  in 
the   upper    half.     This   construction 
provides  an  easy  means  of  handling 
the  armature. 

This  bearing  construction,  in  which 
the  two  halves  of  the  lining  are  bolted 
together,  serves  the  further  jiurposc 
of  protecting  the  oil  rings  against 
breakage  in  case  of  carelessness  in  re- 
moving the  armature  from  the  frame. 

A  system  of  oil  grooves  in  the  bear- 
ings and  oil  deflectors  on  the  shaft 
are  used  whereby  seepage  of  oil  from 
either  end  of  the  bearings  is  pre- 
vented. 

The  bearing  linings  are  prevented 
from  rotating  by  wings  on  the  lower 
half  which  bear  against  machined  sur- 
faces on  the  upper  half  of  the  bearing 
housing  (on  the  upper  half  of  the 
frame).  The  armature  end  thrust  is 
transmitted  directly  to  the  frame 
through  a  shoulder  in  the  bearing 
lining.  This  construction  therefore  dispenses 
entirely  with  the  necessity  for  dowels. 

Armature  bearing  linings  may  be  easily 
removed  from  the  frame  without  disconnect- 
ing the  armature  shaft  from  the  'machine  to 
which  it  is  connected. 


armature  bearing  cajjs  are  of  course  neces- 
sary. Each  bearing  cap  is  securely  held  to 
the  lower  half  of  the  frame  by  two  dowel 
])ins  and  two  through   bolts.      Each  cap  is 


MDS-109.  135-h.p.,  460-r.p.nl..  230-volt. 
Series-wound,  Mill-type  Motor 


Hinged,  dust  proof,  spring  closed  covers  are 
provided  on  all  bearing  caps. 

MDS  Motors.  Because  the  upper  half  of 
the    MDS    motor    frame    is    open,    separate 


B.  6.     MDS-llO,  200-h.p..  230-volt,  Series-wound, 
Mill-type  Motor 

provided   with  a  hinged,  dust   proof,  spring 
closed  cover. 

Countershaft  Brackets  and  Bearings 

MD  and  MDS  Motors  (Figs.  7,  8, 
and  9).  Countershaft  bearings,  when  pro- 
\'ided,  are  carried  by  brackets  cast  with 
the  lower  half  of  the  frame.  The  me- 
chanical construction  of  these  brackets 
is  such  that  the}-  are  very  strong  and 
rigid.  In  sizes  above  frame  1043^^  each 
bearing  cap  is  securely  held  to  the 
bracket  by  foiu:  through  bolts  and  is 
lined  up  by  a  tongue  and  groove. 
Hinged,  dust  proof,  spring  closed  covers 
are  provided  on  all  bearing  caps. 

The  standard  countershaft  bearing 
linings  are  babbitted,  although  for 
countershaft  diameters  larger  than  can 
be  obtained  in  this  manner,  special 
bronze  linings  can  be  furnished.  Coun- 
tershaft bearings  are  arranged  for  waste 
lubrication. 

The  bearing  linings  are  prevented  from 
rotating  by  a  dowel  pin  located  in  the 
bearing  cap,  which  engages  -with  a  hole  in  the 
upper  half  of  the  lining.  The  back  shaft  end 
thrust  is  transmitted  through  the  gear  hub  to 
the  outside  end  of  the  bearing  linings. 
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Table  I  gives  the  dimensions  of  armature 
and  countershaft  bearing  Unings  for  the  MD 
and  MDS  motors. 


Gears  and  Gear  Cases 

Pinions  are  made  of  the  highest 
grade  of  hammered  steel  and  gears 
of  cast  steel,  either  spUt  or  solid. 

Entirely  special  frames  using 
standard  electrical  parts  have  been 
developed  in  some  sizes  for  very 
large  gear  ratios. 

Gear  cases  are  of  malleable  iron, 
are  interchangeable  between  the 
two  ends  of  the  motor,  and  are 
supported  by  bolting  to  pads  on 
the  countershaft  bracket  and  the 
lower  half  of  the  frame. 

Shafts 

The  armature  shafts  are  un- 
usually heavy.  They  can  be  re- 
moved and  replaced  without  dis- 
turbing the  connections  from  the 
armature  to  the  commutator.  The 
standard  armatures  have  tapered 
shaft  extensions  at  both  ends. 


Armatures 

The  armature  construction  is 
exceptionally  heavy,  with  a  view 
of  protection  not  only  against  the 
shocks  and  stresses  incurred  in 
service,  but  also  to  protect  against 
careless  handhng  of  the  armatures 
when  removed  from  the  frame. 
(Figs.  10,  11,  12,  13,  14,  17,  and 
18.) 

The  finished  armature  is  care- 
fully balanced  in  accordance  with 
the  most  improved  practice,  al- 
though on  account  of  tht  heavy 
construction  and  low  peripheral 
speed  this  is  a  refinement  not  really 
necessary  for  satisfactory  opera- 
tion. It  has  been  shown  by  tests 
that  in  repairing  one  of  these  arma- 
tures no  particular  attention  need 
be  given  to  the  question  of  bal- 
ance. 

In  view  of  the  importance  in  many 
instances  of  extremely  rapid  accel- 
eration the  armatures  have  been 
made  small  in  diameter,  so  that  the 
peripheral  velocities  are  very  low  as  compared 
with  direct  current  motors  of  ordinary  design. 
As  a  result,  the  power  required  to  accelerate 
an  MD  or  MDS  motor  to  full  speed  in  a  given 


time  is  only  one  third  to  one  fourth  of  that 
required  for  direct  current  motors  of  the 
ordinary  types  and  corresponding  horse 
power. 


Fig.  7.      MD-108,  100-h.p..  SOO-rp.m.,  2.iO  volt. 
Compound-wound,  Mill-type  Motor 


Fig.  8.      MD-104i.2,  30-h.p.,  600-r.p.m.,  230-volt, 
Series-wound,  Mill-type  Motor 


Fig.  9.      MD-109,  150-h.p.,  43S-r.p.m.,  230-volt, 
Compound-wound,  Mill-type  Motor 


The  armature  punchings  are  keyed  to  a 
heavy  steel  spider  and  assembled  between 
end  flanges  under  heavy  hydraulic  pressure. 
Ventilating     ducts    in     the     punchings     are 


i)iRi:('r-crRki:.\'r  mii-i.-tvi'I-:  motors 


.127 


MD-101 

MD-in2 

MDS-102 

MU-103 

MDS-103 

MD-104 

MnS-l()4 

MD-UU'., 

MD  ana  MDS-105. 
MD  and  MDS-106. 
MD  ami  MDS-107, 
MD  and  MDS-108. 
MD  and  MDS-109. 

MDS-109'.> 

MDS-Un 


2^'  5^8 


2'^ 

ofj 

2H 

(3Ks 

3 

7A 

3 

VH 

3 

VA 

3 

6 

4 

8 

4V^ 

9 

5 

10 

6 

12 

6 

12 

6M 

13 

2K 

2k 

3 

3' 

3J^ 

4J^ 

5 

6 

7 

7 

7J4 


2Ji 
3H 

3J^ 

4* 


Lgth. 

7H 
9H 


5  ■  7H 

6  '  9 

TViny^.. 

834  12Ji 
8'/^  12?^ 
SH  14 


provided  by  I-bcam  shajH-d  welded  space 
blocks  (PJK-  13).  On  sizes  uiJ  to  and  includ- 
ing frame  lU-IJ^  the  front  or  commutator  end 
flange  is  cast  integral  with  the  spifier.  On 
larger  sizes  the  front  flange  is  held  in  place  by 
a  shoulder  on  the  spider.  On  the  MD-H)5 
motor  and  larger  sizes  the  rear  flange  is 
pressed  onto  an  extension  of  the  spider  and 
bolted  to  the  spider  by  cap  bolts  (Fig.  \'2). 
On  frames  lUl  to  \()A\A  inclusive  the  rear 
armature  flanges  are  held  in  place  by  length- 
wise keys  and  rings  shnmk  into  positionion 
the  armature  sleeve  behind  the  flange.  The 
armatures  of  the  101  to  \M]/^  frames  are 
wound  with  formed  coils  of  asbestos-covered 
wire.  At  the  slot  portion  the  coils  are 
wrapped  with  sheet  mica  which  is  moulded  to 
size.  The  ends  of  the  coils  are  wrapped  with 
mica  tape  and  an  outside  wrapping  of  asbestos 
tape. 


nplcte  Armature  of  MD-103,  12-h.p., 
Mill  Type  Motor 


Complete  Armature  of  MD-105,  40h.p.,  550-: 
230-volt.  Mill-type  Motor 


Armature  Core  of  MD-106.  60-h.p., 
■p.m.,  230-volt.  Mill-type  Motor 


^ 
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In  the  frame  105,  230-volt  motor  and 
larger  sizes  the  armature  is  bar  wound  with 
one  turn  per  coil.  The  bars  are  continuous 
at  the  rear  end,  eliminating  the  soldered  clips 
which  are  used  at  this  point  on  the  ordinary 


Details  of  Binding  Band  and  Clamp 
Dn  MD  and  MDS  Armatures 


lines  of  motors.  The  armature  bars  are  insu- 
lated throughout  with  mica  and  specially 
treated  tape,  and  the  whole  is  then  moulded 
to  size  over  the  slot  portion. 


Brush-holders  and  Brush-holder  Studs  for 
MD.103  Mill  Type  Motor 


In  all  cases  the  end  windings  are  protected 
against  injury  at  the  front  end  by  the  solid 
commutator  ears,  and  at  the  rear  end  by  the 
armature  flange  which  is  bell  shaped  and  of 
the  same  diameter  as  the  core.     The  rear  end 


windings  are  further  protected  from  dirt  and 
steel  dust  by  a  covering  of  asbestos  webbing 
held  in  place  by  the  flange  and  rear  armature 
binding  band  (Figs.  10  and  11). 

In  banding  the  armatures  neither  solder  nor 
wire  is  used.  Over  the  core  surface  the  wind- 
ing is  held  in  place  by  metal  wedges,  and  over 
the  end  surfaces  by  solid  metal  bands  (Fig. 

14). 

One  very  important  feature  of  the  MD  and 
MDS  armatures  is  the  fact  that  in  all  sizes  a 
two-circuit  "series  drum"  winding  is  used 
(sometimes  known  as  a  "wave  winding"). 
This  method  permits  the  use  of  a  less  mmiber 
of  brush-holders  than  corresponds  with  the 
number  of  poles,  without,  however,  requiring 
any  cross-connections  between  commutator 
segments.  This  series  winding  also  gives 
perfect  electrical  and  magnetic  balance,  and 
in  cases  where  more  than  two  studs  are  used 
gives  perfect  distribution  of  current  between 
the  studs.  No  equalizers  or  cross-connections 
of  any  description  are  used  with  the  arma- 
tures. 

Commutator 

The  commutator  bars  are  made  of  hard 
drawn  copper  with  large  ears  which  form  part 
of  the  bars.     The  armature  conductors  extend 


Fig.  16.      Brush-holder  and  Brush-holder  Studs  for 
MD  and  MDS-106,  Mill  Type  Motors 


straight  into  the  ears  without  the  use  of 
separable  leads,  thereby  simplifying  the 
construction  and  reducing  the  nvunber  of 
soldered  joints.  Commutator  connections 
are  soldered  with  hard  solder. 

The  commutator  construction  is  in  accord- 
ance with  best  practice  throughout,  using  bed 
insulation  and  one-piece  cones  of  clear  mica. 

The  commutator  shell  is  mounted  on  the 
armature  spider  so  that  the  shaft  may  be 
removed  without  disturbing  the  connections 
from  the  winding  to  the  commutator. 
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Brush-holders  and  Brushes 

The  following  tabulation  shows  the  number 
of  brush-holder  studs  and  number  and  size  of 
brushes  per  stud  in  the  MD  and  MDS  motors. 
(Figs.  15  and  16). 

Brush-holder  studs  are  of  steel,  insulated 
in  the  smaller  sizes  with  mica  wrapping  over 
which  is  moulded  a  seamless  fiber  tube,  and 
in  the  larger  sizes  by  mica  wrapping  held  in 
place  by  a  special  insulation  and  moulded 
down  to  size.  The  ends  of  the  studs  are 
covered  by  insulating  plugs  which  are  moulded 
solidly  into  the  outer  covering.  The  brush- 
holder  box  is  brass  and  is  finished  for  a  close 
fit  of  the  brushes,  so  that  the  current  can  be 
carried  satisfactorily  if  the  pig  tails  are 
removed.  It  is  recommended,  however,  that 
brushes  with  pig  tails  be  used  in  order  to 
reduce  the  losses  at  this  point.  Heavy  coiled 
phosphor  bronze  clock  springs  are  used, 
which  are  non-adjustable  and  arranged  to 
maintain  practically  uniform  pressure  over 
their  entire  working  range. 


The  following  tabulation  shows  the  number 
of  main  and  commutating  poles  in  the  MD 
and  MDS  motors: 


MAIK    POLES 

COMMUTATING 
POLES 

230  V. 

550  V. 

2.30  v. 

550  V. 

MD-lOl 

4 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
6 

4 
4 
4 
4 
4 
4 

4 
4 
6 
6 
6 

2 
4 

4 
4 
4 
6 
6 
6 

1 

MDandMDS-102.  .. 
MDand  MDS- 103..  . 
MDandMDS-104.  .. 
MD-104J4 

1 
1 
2 
2 

MDand  MDS-105.  .  . 
MDand  MDS-106..  . 
MDand  MDS-107..  . 
MDand  MDS-108..  . 
MDand  MDS-109..  . 
MDS-109J/2 

4 
4 
4 
4 
6 
6 

MDS-110 

6 

Pole  Pieces 

The  main  pole  pieces.  Figs.  17  and  IS,  are 
built  up  of  steel  punchings  strongly  riveted 


Number 
Brush- 
Holder 
Studs 

NUMB? 

R    OF 

SIZE  OF  BRUSH 

Pram 

PER  STUD 

230  V. 

550  V. 

230  V. 

650  V. 

Width 
In. 

Thickness 
In. 

Width 
In. 

Thickness 
In. 

MD-101 

MD  and  MDS-102 

2 
2 
2 
2 

2 
2 
2 
2 
2 
4 
4 
4 

2 

2 
2 
2 
3 
3 
3 
4 
5 
4 
6 
7 

2                  H 

2        1        1 
2       1       1  U 

Vs 

% 
Vi 

1 

_5_ 

MD  and  MDS-103 

MD  and  MDS-104 

2 
2 
2 
2 

4 
5 
4 
4 
4 

1^ 

Hi 
1^ 

MD-1041-3 

y, 

MD  and  MDE-IO.^ 

y, 

MD  and  MDS-106 

Vs 

MD  and  MDS-107 

Vi 

MD  and  MDS-108 

¥> 

MD  and  MDS-109 

Vi. 

MDS-109J^ 

Vs 

MDS-110 

H 

In  frames  below  the  109  only  two  brush- 
holder  studs  are  used,  both  located  in  the 
upper  half  of  the  frame.  The  109  motor  and 
larger  (which  are  six-pole  machines)  require 
four  studs,  three  of  which  are  in  the  upper 
half. 

However,  as  all  the  109^^  and  110  motors 
and  most  of  the  109  motors  are  built  in  the 
MDS  open  frames,  and  as  the  one  stud  in  the 
lower  half  is  located  close  to  the  split,  this 
stud  is  practically  as  accessible  as  the  upper 
studs.  In  the  MD-109  enclosed  motor  a 
large  handhole  is  so  located  in  the  lower  half 
as  to  give  the  maximum  possible  accessibility 
to  this  stud. 


together  and  extending  through  the  entire 
depth  of  the  coil.  They  are  held  in  place  in 
some  cases  by  cap  bolts  passing  through  the 
frame,  and  in  other  cases  by  bolts  with  square 
heads  embedded  in  the  pole  pieces  and  nuts 
on  the  outside  of  the  magnet  frame.  Com- 
mutating pole  pieces  are  held  in  place  by  cap 
bolts. 

Field  Coils 

The  MD  and  MDS  motors  may  be  equipped 
with  series  fields  or  with  either  of  two  standard 
compound  wound  fields,  one  gi\ing  a  no-load 
speed  50  per  cent  above  full  load  speed  and 
the  other  a  no-load  speed  100  per  cent  above 


niRi:cT-cuRRi:.\'i'  mii.i.-tvim-;  motors 
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full  loail  speed.  The  shunt  winding  is 
ilesigned  so  that  line  voltage  may  be  im- 
])ressed  continuously  without  serious  over- 
heating. 

For  the  five  smallest  sizes  the  main  series 
field  Coils  are  wound  with  asbestos  covered 
wire.  For  the  larger  sizes  the  main  series 
fields  and  the  commutating  fields  are  strip 
wound  with  sheet  asbestos  between  turns. 

The  shunt  windings  or  the  shunt  portions 
of  compound  windings  consist  of  asbestos 
insulated  wire  on  all  sizes  except  those  that 
use  small  size  wire.  The  latter  is  enameled 
and  single  cotton  covered.  In  all  compound 
wound  coils  the  series  winding  is  taped 
separately  before  the  shunt  turns  are  wound 
on.  The  entire  coil  in  every  case  is  finally 
covered  with  sheet  mica  and  a  heavy  wrapping 
of  non-elastic  webbing. 

All  main  and  commutating  coils  are 
duplicates  and  can  be  put  on  the  pole  pieces 
either  side  up  without  any  chance  of  confusion 
in  the  connections.  To  connect  the  coils 
properly  it  is  not  necessary  to  refer  to  any 
prints  or  to  any  tags  on  the  coils,  but  merely 
to  connect  alternate  coils  oppositely  in  an 
entirely  ob\"ious  manner. 

Connections 

Connections  from  parts  in  one  half  of  the 
motor  to  parts  in  the  other  half  are  all  made 
outside  the  motor.  In  order  to  take  the 
motor  apart  it  is  therefore  unnecessary  to 
discgnnect  any  leads  inside  the  motor.  Out- 
side connections  between  the  two  halves  of  the 
motor  are  made  by  sleeve  connections. 

APPLICATIONS 

The  large  majority  of  applications  of  mill 
type  motors  will  always  be  in  and  about  steel 
plants.  But.  although  developed  primarily 
for  operating  reversing  auxiliary  machinery 
in  steel  plants,  mill  type  motors  have  been 
applied  to  many  other  classes  of  work,  in  some 


cases  under  widely  different  conditions.  In 
considering  whether  or  not  to  use  mill  type 
motors  it  should  be  borne  in  mind  that  the 
most  distinctive  features  of  the  mill  tyiJC 
motors  are  unnecessary  in  general  application 
ill  which  the  ordinary  types  of  motor  have 
given  and  are  continuing  to  give  satisfaction. 
Where  the  ordinary  standard  motors  have  not 
stood  up  to  the  work  it  is  advisable  to  consider 
the  mill  type  motors  with  a  view  of  determin- 
ing whether  the  advantages  offered  by  the 
mill  tyi>e  motors  have  any  bearing  on  the 
particular  case  at  hand.  The  advantages  to  be 
gained  by  the  use  of  mill  type  motors  hinge  in 
general  upon  the  following  characteristics: 

Heavy  mechanical  design  throughout. 

Large  foundation  area  (i.e.,  distance 
between  foundation  bolts). 

Heavy  self-contained  countershaft  brackets. 

Ease  of  replacing  parts. 

Ease  of  making  extensive  repairs. 

Small  stored  energy  in  armature. 

Superior  commutation. 

Heat  resisting  insulation. 

Totally  enclosed  features. 

In  addition  to  cranes  and  reversing  auxihary 
machinery  in  steel  plants,  the  principal 
classes  of  electric  drive  to  which  mill  type 
motors  should  be  applied  or  can  be  applied 
with  advantage  are  as  follows : 

Ore  and  coal  bridges  and  unloaders. 

Charging  machines  of  all  types;  for  example, 
for  gas  works. 

Coke  pushers,  levelers,  etc. 

Heavy  duty  fabricating  shop  and  erecting 
shop  cranes. 

High  grade  factory  cranes. 

Electric  shovels. 

Dipper  dredges. 

Capstans,  gates,  valves,  etc.,  on  canal  locks. 

Draw  and  lift  bridges. 

Small  heavy  duty  hoists;  for  example,  for 
construction  purposes. 


Fig.  19.     MD-105,  40-h.p..  550 


230-volt,  Series-wound.  Mill-t>-pe  Motor 
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Progress  in  the  Electrification  of  Mine  Hoists 

By  R.  S.  Sage 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

The  history  of  the  electrification  of  mine  hoists  is  interestingly  narrated  in  the  following  article  which 
traces  the  subject  from  its  modest  beginning  in  the  early  days  to  its  practically  universal  application  of  today. 
The  requirements  of  a  mine  hoist  are  described  and  the  advantages  of  electric  drive  are  explained.  The  latter 
pages  of  the  article  are  devoted  to  a  description  of  the  various  parts  of  the  modern  highly  developed  mine- 
hoist  equipment. — Editor. 


As  the  natural  occurrence  of  mineral 
deposits  is  usually  such  as  to  require  their 
elevation  from  various  depths  underground 
to  the  surface,  some  means  of  accomplishing 
this  transfer  constitutes  an  important  requisite 
in  connection  with  the  operation  of  almost 
all  mines.  In  many  cases,  particularly  with 
coal,  it  is  possible  for  the  material  to  be 
brought  out  through  a  tunnel  driven  either 
on  a  horizontal  or  on  such  a  slight  incline  as 
to  permit  the  use  of  cars  drawn  by  mules  or 
electric  locomotives.  For  the  most  part, 
however,  both  with  coal  and  ores,  it  is  neces- 
sary to  bring  the  material  to  the  surface  by 
hoisting,  either  through  a  vertical  shaft  or 
on  inclines  too  steep  for  the  emploj'ment  of 
locoraotives. 

There  are  therefore  so-called  "main" 
hoists  for  bringing  the  inaterial  to  the  surface 
(or  as  is  occasionally  the  case  in  metal 
mines,  to  lift  the  material 
to  the  main  tunnel  out  of 
which  it  is  brought  in  cars), 
and  in  many  cases  auxiliary 
hoists,  generally  referred  to 
as  "m.an  and  supply"  or 
"chippy"  hoists,  chiefly  used 
in  handling  men  and  the 
materials  used  underground. 
Underground,  small-powered 
hoists  are  often  used  for 
hauling  cars  up  steep  inch  les 
from  one  level  to  another, 
and  less  frequently  the  rnain 
hoist  itself  is  installed  under- 
ground. 

Until  comparatively  re- 
cent years  the  steam  engine 
was  used  almost  exclusively 
for  operating  these  various 
mine  hoists,  compressed  air, 
however,  also  being  used  to  a 
considerable  extent,  the  most  notable  example 
of  the  latter  being  the  group  still  in  operation 
at  the  Anaconda  Copper  Company's  mines 
at  Butte,  Montana.  It  was  many  years  after 
electricity  had  come  into  general  use  in  the 
railway  field  and  elsewhere  before  the  use  of 


electric  motors  for  driving  "main"  hoists 
began  to  receive  serious  consideration  in  this 
countrv,  although  considerable  development 
had  been  done  along  this  line  in  foreign 
countries,  especially  in  Germany  and  in  the 
gold  fields  of  South  Africa.  Electrification 
naturally  began  with  the  smaller  hoists  used 
in  underground  work,  it  being  early  found 
convenient  and  advantageous  to  operate  these 
with  electric  motors  from  the  direct  current 
mine  circuit  supplying  lights,  pumps,  and 
later  electric  locomotives,  thereby  eliminating 
long  steam  and  air  pipe  lines.  The  practice, 
however,  did  not  extend  rapidh^  beyond  these 
small  equipments  for  many  reasons. 

Mine  operators  as  a  rule,  were  more  or  less 
unfamiliar  with  electric  power  except  in  the 
small  quantities  supplied  by  the  usual  direct- 
current  circuit  for  the  purposes  previously 
mentioned. 


Fi6    1       (Reproduction   from    Wood  cut   in   Electrical    World  )       The    First   Electric- 
driven  Mine  Hoist  in  This  Country  and  Perhaps  in  the  World,  Driven  bv  a  10-h.p., 
440-volt,  Railway  Type  Motor,  Installed  at  Aspen,  Colorado,  July,  1888. 


Central  station  power  did  not  reach  many 
mining  localities,  and  where  available  often 
could  not  be  had  in  sufficient  quantity  at 
attractive  rates  or  with  assurance  of 
reasonable  continuity  of  service.  On  the 
other  hand,  the  highh^  fluctuating  character 
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of  tlie  mine  hoist  load  was 
not  such  as  to  ap]3cal  to 
the  moderate  capacity  central 
station. 

There  was  also  a  certain 
amount  of  prejudice  to  the 
electric  drive  on  the  part  of 
the  users  of  steam  cnj^inc 
driven  hoists,  due  to  a  fecliny; 
of  unreliability-  resulting  prob- 
ably from  a  knowledge  of 
certain  instances  of  power 
failure.  And  further,  an  idea 
was  prevalent  among  coal 
mine  operators  that  as  the 
coal  burned  under  their  stcaiii 
boilers  came  from  their  own 
mines,  the  cost  of  fuel  for 
this  purpose  was  little  or 
nothing  and  therefore  was 
not  taken  into  account  in 
estimates  of  the  cost  of  steam 
power;  whereas,  actually,  coal 
which  could  be  used  for  this 
purpose  had  a  considerable  market  value.  The 
exceedingly  low  all-day  efficiency  with  which 
the  average  steam  hoist  operated  and  the  enor- 
mous waste  of  coal  in  supplying  power  to 


Largest  Electric  Hoist  in  the  World 
500-volt  Railway  Type  Generator.      1 


1895.   Driven  by  a   100  kw..  650- 
ec  Silver  Shaft.  Aspen.  Colorado 


this  and  other  mining  operations  was  generally 
unappreciated  until  made  the  subject  of 
special  investigation  and  a  comparison  made 
with  results  by  electrification. 


Fig.  3.     First  Moti< 


I  Steam  Hoist  Converted  to  Electric  Drive.  Driven  by 
Motor.      Bantjes  Shaft.  South  Africa 


•i  Induction 


334     May,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  5 


It  was  therefore  necessary  that  many  exist- 
ing conditions  and  ideas  had  to  undergo  a 
change    before    hoist    electrification    became 


Fig.  4.      View  of  the  First  Electrically-driven  Mine  Hoist  Used  in  the  Anthracite  Coal  Fields, 

Consisting  of  G-E  2000  Motor  and  Single-drum  Hoist;  Installed  at  Maltby  Colliery, 

Lehigh  Valley  Coal  Co.  in  1896,  and  Still  in  Regular  Operation 


al  Muikrn  Ct..,;  H., 
nth  Magnetic  Control 


Driven  by  300-h.p.  Geared  Induction 
Pittsburgh  Coal  Co.,  Cowden,  Pa. 


general,  headway  to  this  end  being  slow 
until  the  last  few  years.  Much  was  accom- 
plished by  engineering  reports  of  operating 
conditions  at  various  mining  properties  which 


showed  in  the  majority  of  cases  indisputable 
advantages  and  economies  to  be  secured  b\' 
general  electrification.  As  an  instance; 
actual  tests  of  a  typical 
large  coal  mine  hoist  indi- 
cated that  50  lb.  of  coal  was: 
burned  per  horse  power  hour 
of  work  done  on  the  coal 
hoisted.  With  electric  power, 
produced  in  even  a  moderate 
capacity  station,  not  more 
than  one  tenth  this  amount 
of  coal  would  be  burned  for 
the  same  unit  of  work. 

As  more  economical  meth- 
ods of  electric  power  gen- 
eration and  distribution 
became  known  and  the  nee-' 
essary  apparatus  became 
more  highly  developed,  quite: 
anum.ber  of  companies  carry-" 
ing  on  extensive  mining'oper-' 
ations  installed  their  own 
hydro-electric  or  steam-elec- 
tric plants  and  instituted' 
motor  drive  for  all  their; 
operations,  including  hoist- 
ing. At  the  same  time 
electric  power  became  more 
accessible  to  other  mining 
localities  as  the  number  of 
central  generating  stations 
increased  and  others  were 
enlarged  and  their  ser^-ice  ex- 
tended. With  such  service 
available,  there  existed  few 
instances  in  which  electrifi- 
cation could  not  be  shown 
justifiable  from  an  operating 
cost  standpoint  alone.  Mean- 
while many  hoist  electrifica- 
tions had  been  made  abroad 
with  great  success,  proving 
the  many  claims  of  superior- 
ity for  the  electric  over  the 
steam  hoist,  among  which 
were  greater  safety,  reliabil- 
ity, simplicity,  and  econom}-. 
An  indication  of  the  possi- 
bilities in  economy  accruing 
from  electrification  in  mining 
properties  is  the  statement 
recenth^  m.ade  in  connection 
with  an  investigation  of  the 
matter,  that,  through  complete  electrifica- 
tion of  the  anthracite  coal  fields  the  amount  of 
coal  used  in  the  production  of  an  annual 
tonnage    of    approximately    90,000,000    tons 
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can  be  reduced  from  approxiniateh' 
to  less  than  2,()()(), ()()()  ions. 


il"  the  ai)|)lira- 


Growth  of  Electrification 

Probably  the  lirsl  inslanei 
tion  of  the  electric  motor  to 
driving;  a  hoist  for  mining; 
puri)oses  was  the  outfit  (illus- 
trated in  the  reproduction 
of  wood-cut  in  Fiy;.  I)  ]n\\ 
into  operation  in  July,  KSSN, 
at  tlie  Aspen  Mininj:&Smclt - 
inj^  Co.,  Aspen,  Colorado. 
The  manager  of  the  company 
at  that  time  was  persuaded 
to  install  1000  feet  under- 
ground a  single-dnnn,  flat- 
friction  hoist  driven  through 
a  single  reduction  of  gearing 
by  a'  10-h.p.,  440-volt  rail- 
way type  motor,  the  com- 
])lete  outfit  being  built  by 
theSprague  Electric  Railway 
&  Motor  Co.  This  cquijo- 
ment ,  which  replaced  a  steam 
operated  hoist,  was  used  for 
pulling  cars  into  the  tunnel 
and  proved  such  a  success 
that  two  similar  hoists  were 
installed  soon  after.  This 
equipment  continued  in  operation  for  many 
years  with  the  original-  motor,  which  has 
since  been  replaced  by  a  G-E  SOD  motor. 


ca])acity,  driven  through  gearing  by  a  l()()-kw. 
railway  type  generator.  This  hoist,  at  that 
time  the  largest  electrically  ojjeraled  hoist  in 
the  world,  was  designed  by  Mr.  D.  \V. 
Hrunlon.   Mining  I'^nginecr,  and  siippiird  l.v 


Fig.  6.      Largest  Inductior 
Motor  Geared  to  12-ft. 
Left   Back-Ground. 
Engine. 


Mo 


Dr 


The  Largest  Electric  Hoist  ir 
connected  D-c.  Motor! 


rid.  Driven  by  Two  2000-h.p 
Mines,  Ltd..  South  Africa 


In  1895  there  was  installed  at  the  Free 
Silver  Shaft,  also  at  Aspen,  an  electrically 
operated  hoist  (Fig.  2)  of  comparatively  large 


.ist  in  America.      1800  hp  .  ,)60  r,p  m  ,  2200-volt 
um,  Controlled  by  Liquid  Rheostat  Shown  in 
Hoist  Originally  Driven    by   First    Motion    Corliss   Steam 
Tennessee  Coal,  Iron  &  R.  R.  Co..  Muscoda,  Ala. 


the  Roaring  Fork  Electric  Light  &  Power 
Co.,  a  pioneer  in  hydro-electric  power  genera- 
tion. An  auxiliary  motor  of  60  h.p.  was 
arranged  for  throwing  in  on  a 
second  pinion  to  assist  the  main 
motor  when  necessary  to  lift  the 
heavy  water  bailer;  little  use, 
however,  has  been  made  of  this 
arrangement. 

In  the  anthracite  coal  fields 
the  first  motor  drive  for  hoist 
work  was  installed  in  1896  on  a 
1200-ft.  slope  at  the  Maltby 
Colliery  of  the  Lehigh  \"alley 
Coal  Co.  at  West  Wyoming,  Pa. 
The  hoist,  built  by  the  Lidger- 
wood  Manufacturing  Company, 
is  driven  by  a  G-E  2000  (approx- 
imately 1()0  h.p.),  500-volt  rail- 
way- type  motor  and  controlled 
by  an  R-lo  controller,  and  is  in 
regular  operation  at  the  present 
time,  the  entire  outfit  having 
been  in  continuous  service  during 
the  22  years  since  its  installation. 
A  view  of  this  installation  is  given  in  Fig.  4. 
From  these  small  beginnings  the  electric 
hoist  has  become  today  the  prevailing  type. 
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many  steam  plants  having  been  converted  to 
motor  drive  (an  example  is  shown  in  Fig.  3) 
with  very  great  advantage,  and  fully  85 
per  cent  of  all  new  installations  are  electric 
motor  driven.  The  General  Electric  Com- 
pany alone  has  equipped  many  hundreds  of 


Mine  Hoist  Driven  by  875-h.p.,  360-r.p.m.,  2200-volt  Induction  Motor  Controlled 
by  Liquid  Rheostat,  Oliver  Iron  Mining  Company,  Ironwood,  Michigan 


mine  hoists  of  various  types  in  this  and  foreign 
countries.  Considering  only  those  driven  by 
motors  having  a  continuous  rating  of  250  h.p. 
-or  larger,  there  are  240  installations  aggregat- 
ing 121 ,000  horse  power.  A  typical  coal  mine 
installation  is  illustrated  in  Fig.  5.  Of  these 
all  but '  35  are  driven  by  geared  induction 
motors,  the  largest  being  of  1800-h.p.  con- 
tinuous capacity,  developing  during  starting 
approximately  2700  h.p.  This  equipment, 
(Fig.  6)  the  largest  of  this  type  in  this  cotmtry, 
is  installed  at  the  Tennessee  Coal,  Iron  & 
R.R.  Co.  at  Muscoda,  Ala.,  having  replaced 
a  first  motion  Corliss  engine  for  operating  a 
single  drum  slope  hoist.  This  installation, 
which  is  supplied  with  power  by  the  Southern 
Power  Company,  affords  an  interesting  exam- 
ple of  the  ability  of  the  modern  central  power 
station  to  handle  widely  fluctuating  loads  of 
this  character. 

The  direct-current  equipments,  which  make 
up  the  reinainder  of  this  number,  include  two 
of  40G0-h.p.  continuous  rated  capacity,  the 
largest  in  the  world  (Fig,  7),  which  are 
installed  at  the  Crown  Mines,  Ltd.,  and  the 
New  Modderfontein  Gold  Mining  Co.,  both 
in  South  Africa. 

An  electrification  of  unusual  magnitude, 
indicating  the  extent  to  which  electric  dri\-e 


for  mine  hoists  has  been  carried  out,  is  that 
of  the  Cleveland  Cliffs  Iron  Mining  Co., 
Ishpeming,  Mich.  This  company,  which  was 
among  the  earliest  to  adopt  electric  power  in 
mining  operations,  produces  its  own  power  in 
both  hydro  electric  and  steam  plants,  and 
has  installed  some  29  electric 
hoists,  totalling  over  11,000 
h.p.  rated  capacity.  Of  these 
hoists,  26  are  driven  by  geared 
induction  motors,  16  of  which, 
identical  in  every  way  as  to 
electric  equipment,  are  of  400- 
h.p.  capacity  at  360  r.p.m., 
2200  volts.  These  installa- 
tions have  been  made  from 
lime  to  time  as  new  shafts 
were  opened  up,  the  hoists 
being  used  with  complete  suc- 
cess for  handling  ore  and  men, 
and  during  sinking  operations. 
There  are  many  similar 
examples  of  extensive  hoist 
electrification  in  both  the 
metal  and  coal  mining  fields, 
and  the  number  is  continually 
being  augmented  as  circum- 
stances permit.  An  installa- 
tion view  of  one  of  the 
S75-h.p.  induction  motor  equipments  at  the 
Oliver  Iron  Mining  Companv  is  shown  in 
Fig.  8. 

Electrical  Equipment 

The  General  Electric  Company  has  taken 
a  prominent  part  in  electrification  in  this 
field,  as  is  evidenced  by  the  large  nuinber  of 
equipments  which  it  has  supplied,  and  the 
broad  experience  gained  has  lead  to  many 
improvements  in  the  design  of  the  apparatus 
constituting  the  complete  equipments.  This 
experience,  backed  by  a  thorough  under- 
standing of  the  various  elements  upon  which 
the  successful  operation  of  the  electric  hoist 
depends,  insures  in  every  specific  case  the 
application  of  apparatus  of  the  proper  type 
and  capacity  required  to  meet  the  conditions 
of  operation.  In  general,  ever^-  case  consti- 
tutes a  problem  in  itself,  necessitating  for  its 
solution  not  only  a  complete  knowledge  of  the 
duty  to  be  performed,  but  all  other  conditions 
aft'ecting  the  design  of  apparatus  and  system 
to  be  employed.  In  the  following  paragraphs 
there  are  indicated  some  of  the  more  important 
details  which  have  required  special  attention 
and  the  improvements  in  equipment  which 
have  been  made  in  the  development  of  this 
application   of   electric   drive   to   its   present 
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successful    coiuiilion,    witli    illuslralions    of 
lato  types  of  ap])aralus  used  in  this  service. 


widely    used 
re(|uisile    in 


Hoist  Motors 

Willi  iiuluclioii  ludtiirs,  sd 
for  this  serx'iee,  the  ])rineipa 
addition  to  adequate  tortjue 
and  capacity,  gootl  perform- 
ance characteristics,  and 
ruj^K<--'l  construction,  is  low 
slip-rinj,'  \-olta;^'e  in  order  to 
prevent  flash-over  at  the 
rings  in  case  the  motor  is  re- 
versed at  full  speed.  Under 
this  condition,  which  is  apt 
to  occur  frequently  in  this 
service,  double  standstill 
voltage  is  de\-eloped  between 
the  collectors,  and  should  a 
short-circvdt  occur  the  motor 
would  be  incapable  of  de- 
veloping appreciable  torque. 

The  highly  developed  art 
of  gear-cutting  permits  the 
use  of  moderately  high  speed 
motors,  which  is  desirable 
from  the  standpoint  of  first 
cost  as  well  as  performance 
characteristics.  With  herringbone  gears  it 
is  not  uncommon  to  use  reduction  ratios  as 
high  as  1.5  to  1. 


use  of  jjears  eliminated.  The  u.se  of  crjmmulat- 
ing  ijoles  and  comijcnsating  pole  face  windings 
for  hoist  motors  and  Wan]  Leonard  gener- 
ators has  overcome  all  difTieulty  in  hanriling 
the  hea\'y  peak  loads  encountered  in  this 
ser\ice. 


Fig.  10 


Fig.  9.     Installation  View  of  Contactor  and  Switchboard  Panels  Used  with  Induct 
Motor  Driving  Mine  Hoist.  Showing  Recent  Design  of  150-ampere 
2200-volt  Air-break  Primary  Reversing  Contactors 


As  large  direct-current  motors  can  be 
designed  to  operate  with  good  efficiencies  at 
the  low  speeds  required  they  are  usually 
direct-connected  to  the  hoist  drums  and  the 


Air-break  Primary  Reversing  Contactors  for  Use  with  large  2200-' 
Hoist  Induction  Motors 

Resistances  and  Controller  Steps 

Difficulty  was  early  encountered  in  some 
instances  because  of  insufficient  capacitv  in 

the    resistances    used    with 

rheostatieally  controlled 
motors.  Due  to  the  fre- 
quency of  starting  and  the 
necessity  of  operating  at 
creeping  speeds  for  shaft 
and  rope  inspection,  etc., 
and  the  liability  of  occasional 
reversal  at  full  speed,  the 
resistance  for  the  mine  hoist 
motor  must  be  specially 
designed  with  these  require- 
ments in  view,  the  resulting 
rheostat  being  very  much 
heavier  than  that  required 
for  occasional  starting  duty, 
or  for  crane  .service.  For  the 
same  reasons  the  controller 
must  pro\nde,  in  addition 
to  the  steps  required  for 
properly  accelerating  the 
hoist,  a  suitable  number  of 
points  for  speed  regulation. 

Contactor  Control 

Experience  indicates  that  with  few  excep- 
tions motors  of  100-h.p.  capacity  or  larger 
for  mine  hoist  service  cannot  be  successfullv 
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handled  by  drum  controllers  due  to  the 
magnitude  of  the  currents  and  the  frequency 
with   which  the  circuits  must  be  made  and 


Fig.  11.     Successful  Type  of  Liquid  Secondary  Rheostat  for 

Control  of  Mine  Hoist  Induction  Motors.      Operating 

Lever  is  on  opposite  side  of  Tank 

broken.  These  requirements  have  been  met 
successfully  by  the  use  of  magnetically 
operated  switches   (so-called  contactors)   for 


both  the  primary  and  secondary  circuits. 
With  this  type  of  control  the  motor  currents 
can  be  inteiTUpted  as  frequently  as  necessary 
with  only  an  occasional  renewal  of  tips,  and 
the  operator's  controller  need  be  only  large 
enough  to  handle  the  small  current  required 
for  operating  the  contactors.  At  the  same 
time,  automatic  acceleration  of  the  motor  is 
attained,  thereby  protecting  it  from  abuse 
and  the  power  supply  from  excessive  current 
demands. 

Because  of  advantages  in  transmission, 
wiring,  etc.,  it  became  desirable  to  use 
primary  voltages  of  2200  volts  for  induction 
motors  for  hoist  service,  especially  in  medium 
and  large  capacities.  This  necessitated  the 
development  of  contactors  (Figs.  9  and  10) 
for  interrupting  the  currents  in  air  for  revers- 
ing the  primary  connections  of  the  motor,  as 
practice  had  demonstrated  the  unsuitability 
in  this  service  of  switches  breaking  currents 
under  oil,  the  failure  of  this  type  being  due  to 
the  rapid  wearing  of  the  tips  and  carboniza- 
tion of  the  oil  and  the  liability  of  explosions  in 
the  tank  during  jogging,  due  to  the  rapid 
accumulation  of  gas.  This  type  of  contactor 
has  been  built  in  large  numbers  and  has  been 
successfully  applied  to  hoist  motors  up  to 
and  including  ISOO  h.p.  continuous  capacity 
at  2200  volts. 

Liquid  Rheostats 

Although  for  most  induction  motor-driven 
hoists  of  less  than  500-h.p.  capacity,  control 
vising  contactors  and  grid  resistance  providing 


Fig.  12.      Typical  Geared  Induction  Motor-driven  Mine  Hoist  with  Liquid  Rheostat  Secondary 
Control.  Utah  Apex  Mining  Co.,  Bingham,  Utah  (500-h.p.  Motor  Continuous  Rating) 
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not  less  than  ci^ht  balanced  and  properly 
graduated  steps  for  both  directions  of  rotation 
have  proven  entirely  successful  in  controllinj,' 
the  movements  of  the  hoist  under  all  operaliiiK 
conditions,  it  has  been  ftnuid  desirable  for 
larj^er  motors,  and  to  a  lesser 
extent  for  smaller  sizes,  to 
use  a  rheostat  utilizing  a 
liquid  as  the  resistance  me- 
dium in  order  to  obtain  a 
larger  number  of  partial 
speed  points.  As  it  was 
found  that  liquid  rheostats 
embodying  the  principles  of 
the  liquid  starters  already 
used  to  some  extent  in  other 
applications  were  entirely 
unsuitable  for  hoist  ser\-ice, 
a  design  was  developed 
which  has  met  all  the  require- 
ments of  successful  opera- 
tion. The  chief  feature  of 
this  rheostat  (shown  in  Fig. 
11),  which  is  used  only  by 
the  General  Electric  Com- 
pany, is  the  use  of  two 
separate  resistance  sections, 
whereby  a  high  initial  re- 
sistance is  provided  for 
slow  speed  running  at  light 
loads  and  a  low  final  resistance  for  oper- 
ation at  full  speed.  In  contrast  to  other 
types,    this    high    resistance    ratio    remains 


jjermanent,  and  at  the  same  time  danger  of 
(lash-over  between  phases  when  the  motor  is 
reversetl  at  full  sjx'ed  is  eliminated.  Rheostats 
of  this  design  were  supplied  in  considerable 

mnnbers    for    the    replacement    of    those    of 


Fig.  14.      1400-h.p.,  90-r.p.m.,  D-c.  Motor  Driving  Cylindro-conical  Drum  Hoist  at 
Consolidation  Coal  Co.,  Fairmont,  W.  Vs.,  Flywheel  Motor-generator 
set  installed  in  adjoining  room 


foreign  manufacture  in  the  South  African 
mines,  and  have  been  widely  applied  to  hoists 
in  this  country,  the  largest  being  used  in  con- 


Fig.    13.      Double  Drum  First  Motion  Hoist   Driven  by  1800-h  p..  80  r-pm..  D-c.  Motor  ( 
Ilgner-Ward  Leonard  System  Installed  at  the  Elm  Orlu  Mining  Co.,  Butte.  Montana 
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Flywheel  Motor  generator  Set  for  Use  with  900  h.p.  D 
Motor  Operated  on  the  Ilgner-Ward  Leonard 
System,  Showing  In-board  Arrangement  of  Flywheel 


Fig.  16.     Liquid  Slip  Regulator  of  Recent  Design  Used  in  Con 

nection  with  Flywheel  Motor-generator  Sets  Supplying  Power 

to  D-c.  Mine  Hoist  Motors  Ciperating  on  Ilgner-Ward 

Leonard   System,   Show.ng   Oil   Switch   for 

Short-circuiting   Operating   Motor 


Fig.   17.      Installation  View  of  Two  Automatic  Mine  Hoists  Operating  Ent: 
without  Attention  from  Operator  but  Capable  of  Instant  Manual  Operatic 
at  Will.     Inspiration  Consolidated  Copper  Co.,  Miami,  Arizona 


nection  with  an  1800-h.p. 
induction  hoist  motor.  In 
Fig.  12  is  shown  a  typical 
installation  with  a  moderate 
capacity  hoist. 

Direct  Current  Systems 

While  the  large  majority 
of  electric  hoists  in  this 
country  are  driven  by  in- 
duction motors  with  rheo- 
static  control,  the  extreme 
nicety  of  control  and  high 
degree  of  safety  of  operation 
obtained  with  direct  current  motors  operating 
on  the  well  known  Ward  Leonard  system 
commends  its  use  for  all  high  speed  shaft 
hoists,  and  for  those  in  the  operation  of 
which  a  higher  efficiency  is  needed,  particu- 
larly coal  hoists. 

Flywheel  Motor  Generators 

It  is  often  impossible  for  the  power  supply 
system  to  operate  under  the  heavy  peak  loads 
imposed  by  large  hoist  drives  without  seriously 
affecting  the  voltage  regulation  and  interfering 
with  the  operation  of  other  apparatus  supplied 
from  the  same  station.  In  such  cases  some 
form  of  load  equalizing  equipment  is 
hecessar}-,  whereby  the  extremely  fluctuat- 
ing hoist  load  may  come  on  the  supply  lines 
as  a  more  uniform  demand.  This  is  com- 
monly effected  by  combining  with  the  Ward 
Leonard  power  set  a  flywheel  and  regulating 
device  to  permit  the  wheel '  to  supply  all 
energy  required  by  the  hoist  above  the 
average  value  over  the  complete  cycle. 
There  are  numerous  installations  using  this 
system  in  both  this  country  and  abroad, 
among  the  more  recent  being  the  ISOO-h.p. 
equipment  at  the  Elm  Orlu  Mining  Company 
at  Butte,  Montana  (Fig.  13),  and  the  duplicate 
1400-h.p.  coal  hoists  at  the  Con- 
solidation Coal  Company,  Fairmont, 
W.  Va.  (Fig.  14).  Flywheels  built 
up  of  rolled  steel  plates  permitting 
of  high  stresses  and  consequently  of 
high  peripheral  speeds  can  usually 
be  made  much  lighter  than  cast 
wheels,  resulting  in  lower  cost  and 
lower  running  losses,  and  often  at 
the  same  time  simplifj'ing  the  prob- 
lem of  supporting  bearings.  Wheels 
of  laminated  steel  plates  up  to  50 
tons  weight  have  been  built  for  this 
service.  In  Fig.  15  is  shown  a  fly- 
wheel" motor-generator  set  as  used 
for  large  direct-current  mine  hoists. 
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Slip  Regulators 

In  a  roconth'  (IcN-olopcd  (lcsi^;n  impurtani 
iinprovc'infiUs  hiivc  hoeii  made  in  llic  aulo- 
matic  regulalinj^  device  used  in  connection 
with  the  flywheel  ecjualizinj,'  c(iui])ments 
previously  mentioned.  In  all  fomis  of  this 
device,  commonly  called  a  liquid  slip 
regulator,  use  is  made  of  tiles  or  earthenware 
cylinders  for  separating  the  electrodes,  and 
with  all  difliculty  has  been  experienced  due 
to  leakage  and  frequent  breakage  o{  these 
barriers.  With  the  newest  type  (Fig.  16) 
the  entire  design  is  greatly  simplified  and 
both  of  these  troubles  have  been  entirely 
eliminated. 

Safety  Features 

The  matter  of  safet}-  in  the  operation  of 
mine  hoists  has,  owing  to  its  great  im- 
portance, received  a  large  amount  of  attention 
in  the  design  of  the  electrical  sj-slem,  electri- 
cal power  being  pre-eminently  suited  to  the 
application  of  safety  methods.  Devices  may 
be  applied  simply  for  the  protection  against 
damage  due  to  overwinding  and  various  other 
emergency  conditions  which  may  develop  in 
the    electrical    equipment    itself    or    in    the 


system  as  a  whrile.  As  electrical  braking  is 
a\-ailable,  the  mechanical  brakes  arc  relieved 
of  much  use  and  consequent  wear  and  tear, 
their  use  with  hoists  operating  with  Ward 
Leonard  control  being  confined  almost  entirely 
to  holding  the  loads.  With  this  system, 
loads  of  any  value  can  be  lowered  at  any 
])artial  si)eed  and  brought  to  rest  without 
resorting  to  the  mechanical  brakes,  and  the 
lK)wer  developed  by  the  descending  lf)ad 
returned  in  part  to  the  power  system. 

The  degree  of  safety  and  accuracy  of 
control  which  may  be  secured  in  the  operation 
of  direct-current  mine  hoists  is  well  exem- 
plified in  the  installation  at  the  Inspira- 
tion Copper  Company,  Miami,  Arizona,  of 
two  automatic  main  hoists  which  operate 
entirely  without  regular  attention  from  an 
operator.  In  these  two  hoists  (Fig.  17), 
which  have  been  in  successful  operation  since 
1915  and  have  a  combined  capacity  of  1000 
tons  per  hour  from  a  depth  of  030  feet, 
the  loading,  starting,  dumping,  and  stopping 
are  all  accomphshed  entirely  automatically, 
although  by  the  simple  throw  of  a  lever 
switch  the  equipment  can  be  instantly  put 
under  manual  control. 


The  Ventilation  of  Coal  Mines 

By  H.  W.  Chadbourxe 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

Coal  mining  is  attended  by  the  liberation  and  formation  of  various  gases  which  are  injurious  to  the 
health  of  the  workmen  and  animals  and  are  violently  explosive  under  certain  conditions.  To  dilute  and 
sweep  away  these  harmful  and  dangerous  gases,  an  abundance  of  fresh  air  must  be  supplied  to  the  mine  pas- 
sages. The  chemical  and  physical  characteristics  of  these  gases  are  described  in  the  first  section  of  the  follow- 
ing article;  the  natural,  furnace,  and  mechanical  methods  of  ventilation  in  the  second  section;  and  the  electric 
motor  driven  fan  equipment  and  air  courses  in  the  third  and  concluding  section. — Editor. 


In  coal  mining  it  is  necessary  to  keep  all 
passageways  and  working  places  in  a  health- 
ful and  safe  condition  for  work.  To  accom- 
plish this  there  must  be  maintained  a  circu- 
lation of  fresh  air  that  will  dilute,  render 
harmless,  and  sweep  away  the  noxious  gas 
produced  by  the  breathing  of  men  and 
animals,  the  burning  of  lamps,  the  con- 
densation of  powder,  the  decay  of  timber 
and  other  organic  matter,  the  gases  occluded 
from  the  coal  faces,  and  the  fine  coal  and  slack . 
Also  if  gasolene  mine  locomotives  are  used, 
their  exhaust  gives  ofT  more  gases  to  be 
diluted  and  swept  awaj'.  Not  only  is  the 
oxygen  of  the  air  consumed  in  the  operations 
performed  in  a  mine,  but  a  portion  is  also 
absorbed  by  the  freshly  exposed  faces  of  coal. 
Before  proceeding  with  the  subject  of  venti- 


lation, it  is  desirable  to  call  attention  to 
some  of  the  gases  which  are  given  out  by  the 
newly  exposed  coal  faces  and  the  underh-ing 
and  overlying  strata.  These  vary  widely  in 
different  coal  beds  The  gases  occur  in  the 
seams  of  coal  which  are  usually  under  con- 
siderable pressure  due  to  weight  of  the  strata 
above  them.  As  these  gases  each  have  their 
separate  effects,  their  combined  effect  is 
usually  complicated.  We  can  studj-  their 
individual  characteristics  only  and  judge 
their  combined  effect  w^hen  present  in  fire- 
damp mixtures. 

GASES 
Hydrogen  (H) 

Hydrogen  is  very  light.     It  burns  with  a 
pale-blue,  non-himinous  flame,  but  will  not 
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support  combustion.  It  forms  a  highly  ex- 
plosive mixture  with  air  or  oxygen,  especially 
in  the  proportion  of  two  parts  hydrogen  to  one 
of  oxygen  or  two  parts  hydrogen  to  five  of 
air. 

Oxygen  (O) 

Oxygen  is  a  non-poisonous  gas.  It  is  a  great 
supporter  of  life  and  combustion.  Oxidation 
or  the  union  of  any  other  element  with  oxygen 
is  simply  another  term  of  combustion  in  its 
broadest  sense.  This  union  of  elements  or 
combustion  takes  place  at  all  temperatures 
but  faster  at  the  higher  temperatures.  Heat 
is  caused  by  the  chemical  action  due  to  the 
interchange  of  atoms,  and  this  heat  is  often 
sufficient  to  ignite  the  gas  formed. 

Nitrogen  (N) 

Nitrogen  is  odorless  and  inert.  It  does  not 
readily  combine  chemically  with  other  gases. 
It  has  no  life-giving  or  combustion  power,  and 
simply  dilutes  the  oxygen.  There  are  about 
four  parts  nitrogen  to  one  part  of  oxygen  in 
the  air  normally.  The  gas  is  not  poisonous, 
but  if  taken  into  the  lungs  without  oxygen 
it  smothers  life. 

Marsh  Gas  or  Methane  (CH) 

Methane  is  also  called  light  carbureted  hy- 
drogen. This  is  one  of  the  chief  gases  occluded 
from  coal  seams.  It  is  lighter  than  air,  and 
diffuses  very  rapidly  forming  a  fire-damp 
mixture.  It  burns  with  a  blue  fiame,  but 
will  not  support  combustion.  A  lighted  oil 
lamp  placed  in  it  will  go  out  at  once.  It  is 
non-poisonous  but  it  suffocates  like  nitrogen. 
Pure  methane  is  non-explosive  but  when 
diluted  with  five  parts  air  it  becomes  explo- 
sive. At  9.5  to  1  parts  it  reaches  its  maxi- 
mum explosive  condition,  and  at  13  to  1  and 
beyond  it  again  becomes  non-explosive. 

Other  Hydro-carbons 

All  gases  that  are  combinations  of  hydro- 
gen and  carbon  are  called  hydro-carbons. 
Methane  is  the  principal  coal-mine  gas  of  this 
character,  the  others  are  called  heavy  hydro- 
carbons. These  are  olefiant  gas  {C«Hi)  and 
ethane  {CiH^).  Like  methane,  these  are  the 
result  of  changes  during  the  formation  of  the 
coal;  but,  unlike  methane,  they  have  been 
formed  in  the  absence  of  water  and  therefore 
have  more  carbon.  They  possess  a  higher 
illuminating  power  and  burn  with  a  brighter 
flame  than  methane.  The^^  lower  the  tem- 
perature of  ignition  when  present  in  fire- 
damp and  consequently  render  the  mixture 
more   dangerous.     Otherwise,   like  methane. 


they  do  not  combine  with  any  of  the  other 
mine  gases  except  possibly  oxygen,  carbon- 
dioxide  (CO2)  and  water  {H1O). 

Carbonic  Oxide  (CO) 

Carbonic  oxide  is  often  called  white  damp. 
This  gas  to  some  extent  is  occluded  from  coal 
but  mostly  is  formed  by  slow  combustion  of 
carbon  in  waste  places  where  air  is  limited.  It 
is  also  formed  in  large  quantities  when  the 
flame  of  an  explosion  is  projected  into  an 
atmosphere  in  which  coal  dust  is  suspended. 

It  is  lighter  than  air.  It  is  combustible, 
having  a  light-blue  flame.  It  also  supports 
combustion,  being  the  only  mine  gas  that 
burns  and  also  supports  combustion.  This 
is  a  very  dangerous  characteristic  as  it  extends 
an  otherwise  local  explosion.  It  has  the 
widest  explosive  range  of  any  mine  gas 
except  hydrogen. 

Carbonic  oxide  is  very  poisonous  and  acts 
on  the  human  system  to  produce  drowsiness 
and  stupor,  followed  by  actue  pain  in  the 
head,  back,  etc. 

Carbonic  Acid  (CO2) 

Carbonic  acid  is  often  called  black  damp  or 
choke  damp  and  is  heavier  than  air.  It  is  the 
result  of  the  complete  combustion  of  carbon  in 
a  plentiful  supply  of  air,  the  product  of  breath- 
ing of  men  and  animals,  the  burning  of 
lamps,  and  other  complete  combustion.  It  is 
always  present  in  occluded  gases.  It  is  not 
combustible  and  does  not  support  combus- 
tion. This  gas  diffuses  very  slowly  into  air 
and  is  very  difficult  to  remove  by  ventilation. 
Although  not  poisonous  it  acts  to  suffocate  by 
excluding  oxygen  from  the  lungs. 

Carbonic  acid,  when  present  in  fire-damp 
mixtures,  has  the  opposite  effect  to  carbonic 
oxide,  as  it  narrows  the  limits  of  explosion. 
One  part  CO2  to  six  parts  fire-damp  is  not 
explosive,  but  with  less  than  this  proportion 
of  CO2  the  mixture  is  explosive. 

Sulphureted  Hydrogen  (HoS) 

Sulphureted  hydrogen  is  heavier  than  air, 
and  sometimes  occurs  as  an  occluded  gas  from 
coal  seams  but  usually  it  exudes  from  the 
strata  above  or  below  the  coal.  It  has  a  dis- 
agreeable odor,  is  extremely  poisonous,  and  is 
known  by  miners  as  "stinJc  damp."  It  is  ex- 
ceedingly dangerous  when  in  considerable 
quantities.  When  mixed  with  seven  times  its 
volume  of  air  it  is  \-iolenth^  explosive. 

Fire-damp 

The  name  fire-damp  usually  relates  to  any 
explosive     mixture     of     methane     and     air. 
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allhounh  in  some  localitiL-s  it  refers  lo  any 
mixture  explosive  or  not.  It  is  rarely  found 
without.  Iiein^  in  inixttuT  of  some  other  f^'ases. 

Aftci -cianip 

After-damp  is  the  name  jjiven  to  the  gaseous 
mixture  that  exists  after  an  explosion  of  gas. 
Its  comjjosition  is  exeeedingly  \-ariablc  and 
admits  of  no  general  analysis. 

The  chief  ]iroducts  of  a  complete  explo- 
sion of  fire-damp  are  carbonic  acid  (COi). 
watery  vapor,  and  nitrogen.  However,  an 
explosion  is  seldom  complete.  As  there  is 
usually  a  lack  of  air  for  the  complete  com- 
bustion of  fire-damp,  a  large  amount  of 
carbonic  oxide  (CO)  is  formed  and  is  there- 
fore present  in  the  after-damp.  The  presence 
of  this  gas  renders  the  after-damp  far  more 
dangerous,  because  the  gas  is  very  poison- 
ous, is  not  easy  to  detect  by  workmen,  and  is 
combustible. 


METHODS  OF    MINE   VENTII-ATION 
Nntural  Vcntiliition 

There  is  alwa\s  jjrcssuri'  on  the  air  in 
mines.  This  is  true  whether  the  column  of 
air  is  vertical  or  at  a  slope,  and  is  caused  by 
the  dilTercncc  in  lemijcrature  of  the  incomin>{ 
and  outgoing  air.  This  pressure  forces  air 
through  the  air-passages  and  workings  of  the 
mine.  The  volume  of  air  jjassing  through  the 
mine  varies  directly  with  the  pressure  and 
inversely  with  the  resistance  of  the  air  pas- 
sages 

Although  this  method  may  be  suitable  for 
small  non-gaseous  mines,  it  is  very  rarely 
used.  Some  of  the  objections  to  its  use  are 
that  the  air  pressure  varies  with  the  external 
air  temi)erature.  The  direction  of  pressure 
may  be  reversed  from  winter  to  summer  and 
at  intermediate  times  the  pressure  will  be 
light  or  even  none  at  all,  and  may  vary  with 
the  force  or  direction  of  the  wind. 


Name 

Symbol 

specific  Gravity 

Combustible 

Explosive 

RATE  OF 

Diffusion 

Transpiration 

Air 

1.000 

No 

No 

1.000 

1.000 

Carbonic  acid 

CO., 

1.529 

No 

No 

0.812 

1.237 

Carbonic  oxide 

CO 

0.967 

Yes 

Yes 

1.015 

1.034 

Sulphureted  hydrogen 

H2S 

1.19 

No 

Yes 

0.95 

Oxygen 

0 

1.106 

Yes 

No 

0.949 

0.903 

Hydrogen 

H 

0.069 

No 

Yes 

3.83 

2.066 

Nitrogen 

N 

0.971 

No 

No 

1.014 

1.030 

Olefiant 

C0//4 

0.078 

Yes 

Yes 

1.019 

1.788 

Ethane. . . 

GHe 

Yes 

Yes 

Marsh  gas 

CHt 

0.559 

Yes 

Yes 

1.344 

1.639 

Experiments  have  shown  that  these  gases 
are  given  out  at  300  to  2500  cu.  ft.  per  ton  of 
coal  mined,  and  as  previously  stated,  some 
of  them  are  released  from  presstires  up  to 
300  lb.  per  sq.  in. 

Table  I  gives  the  rates  at  which  the  different 
gases  transpire  into  the  mine  and  diffuse  them- 
selves into  the  air.  Each  man  breathes  about 
400  cu.  ft.  of  fresh  air  per  day.  The  Illinois 
mine  law  for  instance  calls  for  100  cu.  ft. 
of  air  per  man  per  minute  and  500  cu.  ft.  per 
animal  per  minute  in  non-gaseous  mines,  and 
50  per  cent  additional  for  gaseous  mines. 

Therefore,  knowing  the  average  conditions 
of  gas  given  ofi  per  ton  of  coal  in  a  certain 
mine,  and  the  volume  of  fresh  air  needed  for 
the  men  and  animals,  we  can  calculate  the 
amount  of  air  necessary  to  circulate  through 
the  mine  to  dilute  and  sweep  away  the  gases. 

With  this  information  we  can  proceed  to 
lay  out  a  suitable  ventilation  system  for  each 
section  of  the  mine. 


The  amount  of  this  natural  pressure  can  be 
calculated  for  any  given  difference  of  air 
temperatures,  and  thus  the  volume  of  air  at 
any  time  be  determined. 

Furnace  Ventilation 

In  this  case  a  furnace  is  used  to  raise  the 
temperature  of  the  up-cast  air  so  that  it  will 
be  lighter  than  the  down-cast  air.  This  gives 
more  pressure  and  insures  the  air  always 
travelling  in  the  same  direction.  The  chief 
point  to  be  considered  is  the  correct  size  of 
furnace. 

This  type  of  ventilation  should  not  be  used 
in  gaseous  mines,  and  in  some  cases  it  is 
prohibited  by  law.  It  is,  however,  used  in 
many  mines  liberating  gas.  In  such  cases 
the  furnace  fire  is  fed  by  air  from  the  incoming 
air  course,  only  taking  enough  to  maintain 
the  fire,  the  return  current  from  the  mine 
being  conducted  by  means  of  an  inclined 
passageway  into   the  shaft  from   50   to    100 
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feet  above  the  furnace.  At  this  point  the 
heat  of  the  furnace  gases  is  not  sufficient  to 
ignite  the  mine  gases.  The  presence  of 
carbonic  acid  in  the  furnace  gases  also 
renders   the   mine    gases   non-explosive.      In 


m^ 


ttt 


Fig.  1.     Diagram  of  Connections  of  Fan  Motor  with  Speed 
Regulating  Set 

Other  cases,  instead  of  using  the  incline 
shaft,  a  sufficient  amount  of  air  is  taken  from 
the  incoming  air  shaft  to  dilute  the  outgoing 
air  below  the  explosive  point  before  it  reaches 
the  furnace. 

Sometimes  a  stack  is  built  over  the  up-cast 
air  shaft  to  get  a  greater  height  of  light  air  and 
therefore  more  pressure  on  the  down-cast  air. 

Mechanical  Ventilation 

There  have  been  a  number  of  mechanical 
methods  tried  for  ventilating  mines : 

The  wind  cowl  by  which  the  wind 
pressure  on  the  surface  is 
brought  to  bear  effectively 
upon  the  mine  air-ways. 

The  waterfall  and  the  steam  jet, 

The  fan  or  blower. 

Mine  ventialtion  fans  are  of  two 
types,  the  disc  fan  and  the  centrif- 
ugal fan. 

The  disc  fan  has  its  blades  set 
radiating  from  a  central  saatt  and 
inclined  to  the  plane  of  revolution. 
This  is  a  propulsion  fan  and  venti- 
lates by  propelling  the  air  through 
the  air-ways. 

The  centrifugal  fan  has  its  blades 
set  at  right  angles  to  the  plane  of 
revolution.  These  blades  may  be 
straight  and  set  radially  or  sloping 
forward  or  back ;  or  they  may  have 
curved  tips.  With  a 'fan  of  this 
type  the  centrifugal  force  of  the  air  in  the 
blades  creates  a  pressure  towards  the  tips  of 
the  blades  and  a  vacuum  towards  the  center. 
Air  is  taken  in  along  the  shaft  and  expelled 
radially  or  tangentially.     This  latter  type  of 


fan  is  used  almost  exclusively  at  the  present 
time  for  ventilating  mines. 

Again,  fans  may  be  used  to  exhaust 
the  air  from  a  mine  or  to  force  air  into 
it.  In  the  first  case  the  pressure  is  above 
atmospheric  and  in  the  latter  case  it  is  be- 
low. The  exhaust  system  is  more  generally 
used. 

Sometimes,  due  to  certain  conditions  in  a 
mine,  it  is  desirable  to  reverse  the  direction 
of  the  air  current  temporarily.  In  other 
words,  if  the  pressure  system  is  being  used 
to  change  to  the  exhaust  system.  If  a  fan 
with  straight  and  radial  blades  were  used 
the  direction  of  rotation  would  be  changed 
to  produce  the  desired  results;  but  as  most 
fans  have  curved  blades  they  are  not  capable 
of  reverse  operation  and  it  then  becomes 
necessary  to  make  mechanical  changes  in 
the  air  ducts  so  as  to  reverse  the  inlet  and 
outlet  of  the  fan. 

The  matter  of  fan  speed  is  a  very  important 
one.  A  small  fan  at  high  speed  may  give  the 
same  pressure  and  volume  as  a  large  fan  at 
lower  speed.  There  are,  however,  a  number 
of  conditions  which  make  it  desirable  to  have 
a  variable-speed  fan.  For  a  given  fan  with 
a  given  size  outlet  the  pressure  varies  nearly 
as  the  square  of  the  speed,  the  volume  directly 
as  the  speed,  and  the  power  required  as  the 
cube  of  the  speed 


Fig.  2.     250-h.p   Induction  Motor  Belted  to  Mine  Fan 

Constant-Speed  Fan  Motors 

There  are  some  conditions  such  as  long 
tunnels  (or  old  mine  workings  which  have  to 
be  kept  ventilated  but  in  which  there  is  no 
appreciable   physical   change)    where  a   con- 


'IHI'    VI'NTILA'IIOX  oi-   COAL   MINI'S 


.'.  i:, 


slant  iuiiiHinl  nf  air  is  lU'ccssarN-  li  I  JKnirs  a 
day  all  thi'  year.  I'or  this  conslaiil-spi-i'd 
work,  the  staiulard  iiiduolion  motor  is  per- 
fectly adapted.  It  can  he  remote  controlled 
if  necessary,  and  it  requires  no  attention 
exce])t  to  the  oilin;^  system  am!  ilial 
only  at  lonj;  inter\als. 

The  choice  as  to  whether  a  squirrel- 
cage  or  phase-wound  rotor  is  used  de- 
pends on  the  size  of  the  motor  and  on 
the  capacity  of  the  transmission  line 
and  power  service  to  supply  the  max- 
imum peak  requirements.  ("icneralh- 
speaking,  squirrel-cage  motors  siiould 
be  used  up  to  about  20U  horse  power, 
and  phase-wound  or  slip-ring  motors 
above  that  capacity. 

Adjustiible-speed  Fan  iMotors 

When  a  mine  is  in  the  early  stages 
of  development  only  a  small  \-cntilating 
capacity-  is  required,  but  later  as  the 
workings  grow  more  air  is  necessary. 
Also  there  are  times,  due  to  falling  roof 
or  other  blockades  in  the  air  passages 
when  a  higher  pressure  is  desirable  with 
a  smaller  volume. 

Under  these  conditions  an  adjustable- 
speed  fan  is  desirable  and  almost  nec- 
essary.    It  is  therefore  the  usual  prac- 
tice to  use  fans  of  low  or  moderate  speeds, 
arranged  for  increased  speed  when  required. 


nuMiber  of  such  installations  lja\c  Imch  made. 
These  motors,  however,  re()uire  allciitif)ii  to 
the  commutators  and  brushes  and  the  trans- 
mission of  direct  current  is  not    economical 


100. h. p..  375/187.5-r.p. 
Driving  Mil 


\.,   Brush  Shifting   Motor 
:  Fan 


Fig.  3.     Speed  Regulating  Set  for  Induction  Motor  Shown  in  Fig, 

For  adjustable-speed  motors  one  naturally 
.  thinks  first  of  direct  current.    The  character- 
istics   of    a    direct-current    motor    are    well 
suited  for  adjustable-speed  fans,  and  a  large 


except  for  very  short  distances.      Therefore 
alternating-current  motors   are   used   almost 
entirelv. 


Rheostatic  Control 

There  are  a  number  of  methods 
for  adjusting  the  speed  of  alter- 
nating-current motors.  The  first 
and  simplest  utilizes  the  standard 
induction  motor  with  slip  rings 
or  phase-wound  rotor  and  ex- 
ternal resistance  in  the  rotor  cir- 
cuit. This  motor  starts  with  a 
small  current  input  and  for  a 
given  resistance  in  the  rotor  cir- 
cuit it  runs  at  constant  speed  for 
a  given  fan  load.  As  the  fan 
load  rarely  changes  except  due 
to  a  change  in  speed,  we  can  ob- 
tain any  speed  or  fan  output 
desired  by-  varying  the  resistance. 
The  principal  objection  to  this 
system  is  that  it  is  inefficient. 
For  instance,  for  half-speed  oper- 
ation, the  power  required  by  the  fan  will  be 
the  cube  of  J.-?  or  0.12.^  or  12i^2  per  cent  of  full 
load,  but  there  must  be  dissipated  an  equal 
amount   in   the  resistance  plus  the  losses  in 
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the    motor   itself.       Thus  we  have    an    effi- 
ciency of  less  than  50  per  cent. 

In  spite  of  this  low  efficiency,  however,  a 
large  number  of  these  motors  have  been  and 
are  being  installed  for  this  class  of  service. 


:  Containing  100-h.p.  Motor  (Fig.  4)  and  100,000-cu.  ft.  Fan, 


Dynamic  Regulation 

There  are  a  vai'iety  of  different  dynamic 
regulation  methods  which  can  be  used. 
Under  rheostatic  control  the  energy  from  the 
rotor  circuit  is  dissipated  as  heat.  In  the 
dynamic  methods  this  energy  is  put  back 
into  the  line.  The  most  common  of  these 
systems  is  that  of  a  regulating  set,  the  con- 
nections of  which  are  shown  in  Fig.  1. 

Referring  to  Fig.  1,  the  slip  rings  of  the 
induction  motor  are  connected  to  a  commu- 
tator motor  A,  which  therefore  receives  power 
at  a  frequency  varying  with  the  slip  of  the 
fan  motor.  These  frequencies  are 
low  and  the  capacity  of  this  commu- 
tator motor  is  small  compared  with 
that  of  the  fan  motor.  The  commu- 
tator motor  drives  an  induction  gen- 
erator B  slightly  above  synchronous 
speed  so  that  it  supplies  power  back 
to  the  line.  The  amount  of  this  power 
is  proportional  to  the  slip  of  the  fan 
motor,  less  the  losses  in  the  regulating 
set.  Machine  C  shown  in  Fig.  1  is  an 
exciter,  and  D  is  a  rheostat  for  regu- 
lating the  speed  of  the  fan  motor.  upair 

This  arrangement  gives  exception- 
ally good  operating  characteristics, 
together  with  high  efficiency  and 
power-factor.  Its  only  objection  is 
the  additional  first  cost  of  the  set. 

Fig.  2  shows  a  250-h.p.  motor  belted  to  a 
mine  fan.  The  speed  of  this  motor  can  be 
reduced  25  per  cent  by  the  speed-regulating 
set  shown  in  Fig.  3. 


Brush  Shifting  Motors 

For  fan  motors  of  300  horse  power  or  less, 
a  brush-shifting  motor  gives  a  very  simple, 
efficient  and  easily  operated  machine.     This 
motor  is  started,  its  speed  changed  and  even 
reversed  by  means  of  shifting  the 
brushes.     With  a  certain  brush  set- 
ting  no   torque   is    developed    and 
under  this  condition  the  motor  will 
not  start  even  if  the  line  switch  is 
closed.     The  brushes  are  shifted  by 
a  worm  gear  and  hand  wheel  to  ob- 
tain the  desired  speed.    This  type  of 
motor  gives  stable  operation  for  fan 
service  down  to  70  per  cent  below 
synchronism. 

More  of  these  motors  are  being 
used  each  year,  and  the  large  num- 
ber which  have  been  installed  to 
date  are  operating  successfully. 

Fig.  4.  shows  a  100-h.p.,  375/187  5- 

r.p.m.  motor   driving   a   fan  which 

gives  100,000  cu.ft.of  air  per  minute. 

5  shows  the  fan  house  for  this  installa- 


F^ 
tion. 

Air  Courses 

Having  briefly  considered  the  reasons  for 
ventilation,  the  amount  of  air  necessary, 
and  the  different  ventilation  systems,  we  will 
now  consider  the  matter  of  air  courses  or  the 
methods  of  getting  the  fresh  air  where  it  is 
needed  and  those  of  taking  away  the  \'itiated 
air.  This  is  of  primary  importance  and  is 
a  complex  one.  No  definite  rules  can  be 
given  for  any  particular  mine,  but  some  of 


the  general  principles  can  be  described  and 
some  methods  sketched. 

In  small  mines  the  continuous-current 
system  is  used,,  i.e.,  a  single  current  of  air 
passes  through  all  the  rooms  and  passageways 
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witluniL  be'in;;  sjilil,  nr  divided  at  any  pdiiii. 
This  system  could  not  l)c  used  in  larj^e  mint-s. 
The  system  used  in  larj^er  mines  is  the 
di\ided  or  split  air  circuit.  The  air  ])asscs 
through  the  mine  in  a  number  of  independent 
parallel  i)aths.  Some  of  the  ad\antaj;es  of 
this  system  are:  Less  ])()wer  is  reciuired  to 
pass  the  same  volume  of  air  through  the  mine, 
because  the  paths  are  shorter  and  the  area  is 
greater.  Fresher  air  is  supiilicd  to  the  men  at 
work,  as  the  air  has  not  passed  o\er  any  other 
coal  faces,  etc.  The  air  is  under  better  con- 
trol, each  section  can  be  given  the  amount 
necessary  for  it,  regardless  of  any  other 
section.  Gases  from  one  section  are  not 
carried  into  another  section.     An   explosion 


mad,  the  men  are  working  in  bad  air  and 
drafts  all  the  time  which  is  bad  for  their 
health.  If  the  fresh  air  comes  in  the  main 
haulage  road  the  upper  jjart  of  the  shaft  is 
liable  to  freeze  in  the  winter,  causing  fielays, 
the  men  work  part  of  the  lime  in  a  cold 
draft,  the  outcoming  loads  block  the  air 
ixissages  and  doors  arc  necessary  in  the  main 
haulage  road. 

It  is  therefore  advisable  to  have  the  in- 
coming and  outgoing  air  courses  se]jarate 
from  the  main  haulage  road.  A  rough  dia- 
gram of  this  method  is  given  in  Fig.  (i.  All 
air  should  be  carried  to  the  back  of  the  mine 
and  allowed  to  pass  the  mine  faces  and  work- 
ings on  its  way  out. 


Fig.  7.     Method  of  Building  Air  Crossings 


in  one  section  is  less  apt  to  be  transmitted  to 
another  section.  If  there  is  a  fire  and  one 
section  must  be  closed  to  smother  the  fire, 
the  other  sections  are  not  affected.  This 
system,  to  some  extent,  avoids  doors  in  the 
main  haulage  roads.  The  velocity  of  the  air 
may  be  reduced,  thus  causing  less  incon- 
venience to  the  workmen. 

About  the  onl\^  disadvantage  of  this  system 
is  that  it  necessitates  the  building  of  bridges 
or  air  crossings  at  points  where  the  air  is 
split  or  where  it  is  to  be  carried  over  the 
parallel  entr}-. 

For  economical  reasons  the  main  haulage 
road  may  be  used  as  an  air  course,  but  there 
ate  a  number  of  objections  to  this  method. 
If  the  return  air  comes  out  the  main  haulage 


Air  Crossings 

Ventilating  doors  are  necessary^  only  where 
the  development  of  cross-entries  is  not 
sufficient  to  warrant  the  expense  of  building 
over-casts  or  air  bridges.  In  order  to  ventilate 
a  pair  of  cross-entries  turned  oR  the  main 
headings,  without  the  use  of  doors  to  deflect 
the  air,  it  is  necessary  to  build  an  air  bridge 
by  which  the  intake  or  return  air  current 
circulating  in  the  cross-entries  can  be  carried 
over  or  under  the  haulage  road.  This  does 
away  \\-ith  doors  in  the  haulage  road.  Keep- 
ing the  number  of  doors  low  reduces  delay 
and  possible  accident  in  haulage  and  elim- 
inates the  expense  of  trapping  and  repairs. 
Fig.  7  shows  the  method  of  building  air 
crossings. 
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Mine-type  Motors 


By  L.  C.  MosLEY 
Power  .\xd  Mining  Engineering  Dep.^rtment,  Gener.\l  Electric  Company 

The  mine-type  motor  in  addition  to  being  what  its  name  implies,  is  particularly  suitable  for  such  steel 
mill  auxiliary  drives  as  approach  tables,  straighteners,  soaking  pit  covers,  etc.  It  represents  the  culmination 
of  the  combined  endeavor  of  the  mine  operator,  engineer,  and  electrical  manufacturer  to  produce  the  best 
motor  for  the  purpose.  The  following  article  outlines  the  unfavorable  conditions  under  which  it  has  to 
operate  and  describes  the  construction  of  the  motor  in  detail. — Editor. 


Due  to  the  character  of  the  work  in  and 
around  mines  and  steel  mills  which  requires 
motors  of  a  different  construction  from  the 
standard  open  type  of  induction  motor,  the 
HI  or  mine-type  motor  has  been  designed  to 
meet  these  requirements.  Since  this  motor 
was  to  be  applied  to  special  service,  the  matter 
of  its  design  was  discussed  freely  with  engi- 
neers familiar  with  the  requirements,  and  in 
its  development  the  suggestions  of  these  en- 
gineers were  incorporated. 

To  appreciate  better  the  factors  which  had 
to  be  taken  into  account  in  its  design,  a  brief 
review  will  be  made  of  the  conditions  under 


dust.  The  fine,  sharp  coal  dust  works  its  way 
into  the  windings  of  an  open  type  motor;  and 
while  this  dust  is  a  very  good  non-conductor 
as  long  as  it  is  dry,  it  becomes  a  very  good 
conductor  as  soon  as  moistened,  which  may 
occur  as  water  is  used  in  the  process  of 
separating  the  slate  from  the  coal.  Another 
factor  to  be  taken  into  account  is  the  starting 
duty  which  is  very  heavy  under  those  emer- 
gency conditions  that  require  the  machinery- 
be  started  when  full  of  coal. 

In  the  bituminous  fields,  much  of  the  coal  is 
shipped  as  run-of-mine  or  screened  only; 
but  there  is  an  increased  tendency  to  furnish 


!-type.  50-h.p.,  900-r.p.m.,  440-volt 
Back-geared  Induction  Motor 


Fig.  2.     Mine-type,  25-h.p.,  900-r.p.m.,  440-volt. 
Squirrel-cage  Induction  Motor  Showing 
**         Bosses  for  Mounting  Back  Gear 


which  the  motor  has  to  operate.  The  drive 
of  an  anthracite  coal  breaker  is  about  as 
severe  as  any  to  which  an  electric  motor  has 
been  applied.  The  breaker  buildings  as  a 
rule  are  immense  wooden  structures  which 
sway  and  vibrate,  and  as  a  result  the  motors 
in  the  breaker  are  subjected  to  excessive 
\'ibration  and  many  shocks.  Constant  vibra- 
tion tends  to  crystallize  the  shaft,  loosen  the 
laminations,  break  the  bars  of  squirrel-cage 
rotors,  and  chafe  the  insulation  on  the  coils. 
The  atmosphere  surrounding  the  motor  is 
charged  with  everything  from  fine  coal  dust 
to  dropping  pieces  of  coal,  and  all  exposed 
parts  of  the  motor  are  covered  with  dirt  and 


washed  coal  and  as  a  result  washeries  are  being 
installed.  Motors  applied  in  these  washeries 
are  subjected  to  conditions  quite  similar  to 
those  in  an  anthracite  breaker. 

In  the  mines  themselves,  motors  are  used 
mostly  for  pumps  and  small  hoists.  This 
duty  is  not  so  severe  as  that  in  the  breakers, 
but  the  motors  are  frequenth-  subjected  to 
dampness  and  dripping  water  which  necessi- 
tate the  use  of  a  mine-type  motor. 

For  steel  mill  auxiliary  drive  the  motors  are 
subjected  to  severe  \T.brations  and  to  rapid 
reversals,  and  must  operate  in  buildings 
where  the  atmosphere  is  filled  with  dust  and 
small  bits  of  metal.    As  .in  these  respects  the 
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ctnuliliDiis  in  sU'cl  mill  work  arc  similar  to 
those  in  mining'  opt-ralions,  these  motors  are 
eciually  satisfactory  in  both  services. 

Construction 

One  ilistinctive  fcaliiri'  of  the  niiiic-type 
motor  is  its  heav\'  construction,  as  is  shown 
by  the  big  shaft  and  bearings  and 
the  wddth  of  frame.  Another  fea- 
ture of  the  motors  built  in  sizes  up 
to  and  incluciing  the  7.')  h.p.  at 
901)  r.p.m.  is  the  mounting  of  the 
back-gear  bracket  on  the  stator 
frame.  Fig.  1  shows  a  motor  ha\- 
ing  this  back-gear  feature. 

The  frame  is  of  the  bo.\  type, 
without  openings,  and  is  made  of 
cast  iroi:   of   exceptionally   hca\-y 
section.     On  machines  up  to  and 
including  150  h.p.  at  720  r.p.m.  the 
bosses  for  the  back-gear  attach- 
ment are  cast  on  one  side  of  the 
frame;  and  in  order  that  the  bosses 
shall  be  far  enough  apart  to  make 
the  support  of  the  bracket  rigid  and 
to  give  a  sufficient  width  between 
the  feet  to  make  a  rigid  support  for  the  motor, 
the  frame  is  made  exceptionally  wide.     By 
having  the  bosses  cast  on  each  frame,  the  back 
shaft  can  be  mounted  any  time  desired.    Fig.  2 
shows  the  motor  without  the  back  gear  and  the 
method  of  mounting  the  bracket. 

The   back-gear   bracket    is   made   of   one 
casting  which  is  attached  to  the  frame  with 


aligning.  Hy  using  tiiis  cnnstriiction,  the 
back  siiafl  can  be  removed  without  disturbing 
the  alignment  of  the  l)earings,  and  the  licarings 
can  be  replaced  without  removing  the  back 
shaft.  The  motor  bearings  can  be  replaced 
without  removing  the  rotor  or  the  lower  half 
of  the  shield,  and  the  rotrjr  can  be  removed 
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Fig.  3.      Back  Geared  Attachment  for  Mine-type  Induction  Motor 


four  large  bolts  placed  as  far  apart  as  possible, 
as  is  shown  in  Fig.  3.  The  bearings  are  made 
of  cast  iron  lined  with  hard  babbitt  and  are 
arranged  for  waste  lubrication.  They  are 
split  horizontally,  have  broad  seats  at  each 
end,  and   are  interchangeable  but   not   self- 


Fig.  4.     Front  and  Pulley  End  Bearing  Brackets  of  Mine-type 
50-h.p.,  900-r.p.m.,  440-volt  Wound-rotor  Inductio.T  Motor 

on  the  end  opposite  the  gear  without  disturb- 
ing the  back-shaft  attachment. 

Both  end  shields  are  split  horizontally  and 

are  held  together  by  large  square-head  bolts 

which  are  placed  so  as  to  be  as  accessible  as 

possible.     The    shields    are    totally    enclosed 

with  the  exception  of  openings  at  the  bottom 

for  the  inlet  and  outlet  of  air.     These  holes 

may  be  left  open  or  may  have  a 

short  length   of  pipe  attached   to 

bring  in  fresh  air.     The  shields  are 

interchangeable  on  the  two  ends  of 

the   squirrel-cage   motor,    but   the 

wound-rotor  machine  has  a  longer 

shield  on  the  collector  end  and  is 

supplied    with    a    hand    hole    and 

cover  in  the  top  half  to  give  ready 

access  to  the  brushes.     The  pulley 

end   shield    on    both   wound-rotor 

and    squirrel-cage    motors    has    a 

shroud  attached   to  assist  in  the 

ventilation    of   the   machine,    and 

the  upper  half  of  each  end  shield 

has  two  tapped  holes  for  air-gap 

measurement.    On  the  wound-rotor 

machines,  the  brush  studs  are  se- 

curelv  bolted  to  the  end  shields  as  is  shown  in 

Fig.  4. 

In  all  cases  large  bearings  are  used,  split 
horizontally  and  are  interchangeable,  being 
the  same  on  both  front  and  pulley  end.  Each 
bearing   has    two   oil   rings   and    two   broad 
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seats,  one  at  each  end  of  the  Hning,  hence 
they  are  not  self-aligning.  Considerable 
trouble  had  been  encountered  on  bearings 
having  a  single  seat  when  used  on  a  geared 
motor  for  very  severe  service  due  to  the 
vibration  pounding  the  seats  out  of  shape. 


5.      Mine-type   35-h.p.,   600-r.p.m.,    550-volt   Wound-rotor 
Induction  Motor  Driving  Shaker  Screen  and  Picking 
Table,  Davis  Coal  &  Coke  Co.,  Thomas,  W.  Va. 


Fib    6.      Mine-type,  25-h.p..  900-r.p.m..  440-volt  Squirrel-c 
Induction  Motor  Installed  on  Crusher  at  Truesdale, 
Breaker,  D.,  L.  &  W.  Co. 

Special  attention  has  been  given  to  make  the 
bearings  both  dust  proof  and  as  free  from  oil 
leakage  as  possible.  The  oil-well  covers  are 
lined  with  felt  and  are  held  closed  by  a  spring. 
Both  bearings  have  overflow  oil  gauges. 

Both  the  motor  and  back-gear  shafts  are  of 
very  heavy  construction,  so  as  to  minimize 


the  vibration  and  lessen  the  tendency  of 
the  shafts  to  crystallize.  In  order  to  make 
the  rotors  interchangeable,  the  motor  shaft 
is  made  for  pulley  extension  whether  the 
motor  is  to  be  belted,  geared,  or  other- 
wise. 

In  the  design  of  the  rotor,  special 
attention  has  been  given  to  making 
it  as  rigid  as  possible  to  resist  the 
shocks  and  vibrations  arising  from 
gearing.  The  rotor  spider  has  an  extra 
long  bearing  surface  on  the  shaft,  to 
which  it  is  securely  keyed.  The  squir- 
rel-cage rotors  have  electrically  welded 
end-rings  of  large  section  and  ample 
radiating  surface,  and  the  conductors 
are  forced  in  the  slots  without  any  slot 
armor  or  wedges,  thus  insuring  a  rotor 
which  is  practically  indestructable  unless 
injured  by  some  mechanical  means.  The 
windings  of  the  wound-rotor  motors 
are  similar  to  those  used  on  standard 
machines,  except  that  the  windings  have 
special  moisture  resisting  insulation. 
The  collector  rings  are  made  of  brass 
and  are  shrunk  on  the  shell  over  insula- 
tion, the  shell  being  pressed  on  the  rotor 
shaft. 

As  straight  slots  are  used  on  the 
stator,  the  coils  are  exactly  shaped,  form 
wound,  moulded  and  completely  insu- 
lated before  being  placed  in  the  slots, 
the  same  as  are  those  used  in  standard 
motors  with  straight-slot  stators.  AU 
siator  windings  are  insulated  to  resist 
moisture.  Space  blocks  welded  to  adja- 
cent punchings  are  used  to  separate 
groups  of  laminations  and  thus  form 
\cntilating  ducts. 

Since  the  continuous  rating  of  an  elec- 
irical  machine  depends  on  the  amount 
I  '1  heat  which  it  will  dissipate,  special 
attention  has  been  given  to  the  ventila- 
;  \i  m  of  the  mine-type  motor.    Sheet  iron 
lans  are  attached  to  the  rotor  flange  on 
ihe  pulley  end  of  the  motor  and  these 
fans  draw  air  from  the  outside  through 
the  ventilating  hole  in  the  bottom  half 
of  the  end  shield.     To  prevent  the  air 
from  being  forced  through   the  spider 
and  out  the  other  side  of  the  machine, 
thus  failing  to  strike  the  windings  and  punch- 
ings, a  deflector  is  placed  on  the  end  of  the 
rotor  opposite  the  fan.    The  air  current  is  thus 
di-\dded,  part  of  it  being  forced  up  over  the 
stator  windings  and  part  of  it  being  forced 
through  the  rotor  ducts,  thus  keeping  the  tem- 
perature of  the  machine  at  a  safe  operating 
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value.  If  the  surrounding  ;iir  ooiiiains  iiiucli 
foreign  material,  il  is  iK'sirahk'  lo  have  cle;m 
air  circulate  IhrouKli  the  machine;  and  to 
accomplish  this,  a  short  lenjjth  of  pipe  is  at- 
tached to  the  holes  in  the  end  shields  to 
bring  in  air  from  the  outside. 

Applications 

In  coal  breakers  the  mine-tyi)e 
motor  is  used  for  driving  crushers, 
belt  coal  conveyers,  shaker  screens, 
and  picking  tables.  Fig.  o  shows  a 
;5r)-h.p.,  ()()0-r.p.m.,  mine-type  motor, 
without  back  gearing,  belted  to  a 
shaker  screen  and  picking  table.  Pig 
(i  shows  a  2.")-h.p.,  900-r.p.m.  back- 
geared  motor  dri\-ing  a  crusher. 

For  driving  small  undergrounil 
hoists  the  mine-type  motor  has  beer 
applied  very  successfully.  Fig.  7 
shows  a  30-h.p.,  900-r.p.m.  motor  of 
the  mine-type  dri\'ing  a  sinking  hoist 
in  a  mine.  This  same  type  of  motor 
may  also  be  applied  to  small  under- 
ground pumps  as  is  shown  by  Fig.  S. 
Due  to  the  heavy  character  of  the 
work  and  to  the  dampness  usually 
encountered  underground,  both  in- 
stallations require  a  motor  of  the 
mine-type,  the  enclosing  features 
tending  to  keep  the  dripping  water 
from  the  windings  and  the  heavy  con- 
struction tending  to  reduce  vibration. 

A  considerable  number  of  mine-type 
motors  have  been  installed  for  steel 
mill  auxiliary  drive,  such  as  approach 
tables,  straighteners,  soaking  pit  cov- 
ers, etc.,  where  the  character  of  the 
work  is  closely  akin  to  mining  re- 
quirements. These  motors  operate 
in  buildings  where  in  some  cases  the 
temperature  of  the  air  is  considerably 
higher  than  is  ordinarily  encountered. 
To  meet  this  condition,  if  found  neces- 
sary, the  stator  and  rotor  windings 
can  be  given  a  special  heat  resisting 
insulation.  For  operating  soaking  pit 
covers,  reheating  furnace  doors,  valve 
mechanisms,  and  shears,  squirrel-cage 
motors  are  used;  while  wound-rotor 
machines  are  used  for  the  operation 
of  approach  and  leveller  tables, 
straighteners,  and  chain  conveyers. 

Although  primarily  designed  for  steel  mill 
and  mining  service,  these  motors  can  be 
applied  to  other  classes  of  duty  which  require 
an  enclosed  ventilated  motor  of  heavy  con- 
struction.    In  logging  operations,  motors  of 


tile  mine  ly()e  have  ln-en  installed  on  the 
donkcNs  for  dragging  the  logs  from  the  wf>ods 
to  the  loading  ijlatforms.  These  donkeys  are 
portable  and  the  motor  installed  on  the  rig  i.s 
subjected  more  or  less  to  outdoor  conditions, 
thus   necessitating    the   use   of   an   enclosed 


Fig.  7.    Mine-type.  30-h.p.  tin, f  r  .. 
Back  Geared  to  a  Sinking  Ho 


olt  Wound-rotor  Induction  Motor 
Coal    Iron  8s  R.  R.  Co.. 


Muscoda  Red  Ore  Division.  No.  8  Mine 


Fig.  8.  Mine-type.  1: 

Geared  to  a  5-i 

Iron&R.  1 


-h.p.,  720  r.p.m..  220-volt  Squirrel-cage  Induction  Motor 
1.  by  7-in.  Triplex  Sinking  Pump.  Tennessee  Coal, 
!.  Co.,  Muscoda,  Red  Ore  Division.  No.  8  Mine 


ventilated  motor.  The  ser\nce  is  somewhat 
akin  to  hoisting,  in  that  frequently  high 
torque  is  required  for  starting,  and  to  meet 
this  requirement  a  wound-rotor  machine  is 
applied  as  it  can  give  a  starting  torque  con- 
siderablv  in  excess  of  normal. 


352     May,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII.  No.  5 


Electricity  as  Applied  to  Loading  and  Unloading 
Coal  and  Ore  Boats 

By  R.  H.  McLain 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

The  application  and  advancement  of  electricity,  in  loading  and  unloading  coal  and  ore  during  the  past 
twenty  years,  are  comprehensively  detailed  by  the  author.  The  increase  in  handling  capacity  and  the  enlarging 
of  dock  areas  served  by  handling  machinery  have  been  a  necessary  development  due  to  the  vital  importance  of 
steel  and  coal  as  related  to  the  Nation's  industries.  To  meet  the  re-construction  demands  of  the  near  future, 
additional  applications  and  installations  of  similar  apparatus  may  be  expected.  This  article  was  read  as  a  paper 
before  a  meeting  of  the  Society  of  Terminal  Engineers,  held  in  New  York  City  on  March  18th  of  this  year. — 
Editor. 


The  history  of  the  application  of  electricity 
in  loading  and  unloading  coal  and  ore  has 
been  a  record  of  continuous  advancement 
during  the  past  twenty  years.  The  handling 
agency  has  advanced  from  the  wheelbarrow 
to  the  twenty  ton  bucket.  The  capacity  has 
increased  from  practically  zero  to  900  or  more 
tons  per  hour.  The  dock  areas  covered  by 
handling  machinery  have  increased  from  the 
first  small  pile  to  mammoth  places  of  1,000, 
000  or  more  square-feet  area.  The  importance 
of  the  industry  has  risen  from  the  first  literally 
"one-horse"  concern  to  a  position  where  it  is 
a  big  economic  factor  in  our  country's  most 
vital  industries,  viz.,  steel  and  coal.  During 
this  development,  electricity  has  been  the 
only  form  of  power  which  came  in  as  an 
experiment  and  stayed  with  the  industry, 
making  its  presence  felt  more  and  more  both 
as  to  size  and  ramifications  of  its  use. 

Electricity  was  first  used  for  light,  then 
simply  for  hoisting,  then  for  propelling,  then 
for  lowering,  and  finally  replaced  all  other 
mediums  of  power  for  braking,  such  as  man 
power,  air,  etc. 

This  article  will  first  review  briefly  the 
history  of  the  development  in  unloading 
boats,  by  describing  installations  which  are 
typical  of  the  various  epochs  in  development, 
and  second  give  a  summary  of  modern 
methods  of  electrification,  and  third  describe 
a  number  of  loading  plants. 

Unloading  Boats 

As  much  of  the  material  as  practical  is  trans- 
ferred immediately  from  boats  into  railroad 
cars.  The  remainder  of  the  material  is  placed 
in  a  large  storage  pile  alongside  the  boat  and 
re-loaded  into  railroad  cars  at  a  later  date.  The 
problem  is,  first,  to  get  the  material  out  of 
the  boats  as  quickly  as  possible  so  as  to  save 
time  and  demurrage  charges;  second,  to 
handle  the  material  for  as  short  a  distance 
and  as  few  times  as  possible  so  as  to  effect 
economy    of   operation;   third,    to   have   the 


material  held  in  storage  in  such  a  way  that 
it  is  readily  available  for  railroad  cars  when 
they  can  be  secured,  or  to  fill  orders  from 
customers  as  they  come  in;  fourth,  as  a 
corollary  of  the  third  problem,  it  is  necessary 
to  store  coal  of  a  certain  kind  in  a  certain  pile. 
This  means  that  a  dock  will  be  filled  up  with 
a  large  number  of  piles  of  different  kinds  of 
coal,  and  the  same  is  true  of  ore. 

As  late  as  1S75  ore  and  coal  were  unloaded 
from  boats  in  wheelbarrows.  Fig.  1.  Men 
loaded  the  wheelbarrows  in  the  hold  of  the 
boat  and  horse  or  steam  power  was  used  for 
hoisting  them  to  the  level  of  the  coal  pile. 
Men  would  then  wheel  them  over  a  temporary 
trestle.  This  was  a  slow,  expensive,  and 
dangerous  operation. 

In  1883  bridge  tramways  were  introduced. 
Fig.  2.  These  could  move  along  the  boat  a 
slight  distance.  Material  was  loaded  into 
tubs  in  the  hold  of  the  boat  by  men  and 
hooked  on  to  hoist  ropes.  A  steam  engine 
was  used  to  hoist  and  also  to  propel  to  the 
pile,  where  it  was  automatically  dumped. 
This  introduced  a  great  saving  in  time,  men, 
speed  and  safety.  This  was  followed  by  the 
introduction  of  self-filling  grab  buckets,  hav- 
ing two  ropes.  When  one  rope  is  pulled,  the 
bucket  closes  in  the  material  and  fills  itself, 
when  both  ropes  are  pulled,  the  bucket  is 
hoisted,  when  one  rope  is  let  go,  the  bucket 
opens  and  dumps  its  load. 

In  1901  the  first  modern  electrically 
operated  dock  was  installed  at  the  North- 
western Fuel  Co.,  Dock  No.  1,  in  Superior, 
Wisconsin,  Fig.  3.  This  consisted  of  four 
unloading  towers,  each  having  a  two-ton 
self-filling  grab  bucket,  and  three  stocking 
and  reclaiming  bridges.  The  power  supply 
is  250  volts,  direct  current.  This  dock  is 
still  in  operation  and  able  to  compete  both 
in  economjr  and  speed  with  more  modern 
docks.  Remote  magnetic  control  is  used  for 
motors,  and  friction  brakes  for  lowering 
the    buckets.      These    brakes    are    operated 
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manually.  The  coal  is  dumped  from  buckets 
into  the  hoppers  near  the  top  of  the  tower 
and  goes  either  into  railroad  cars  immediately 
under  the  hoppers  or  back  to  a  temporary 
receptacle  from  which  it  is  removed  by  a 
stocking  bridge  to  a  pile  behind  the  wharf. 
The  first  large  electric  bridges  to  cover  the 
storage  pile,  handling  coal  directly  from  the 
boat  to  the  stock  pile,  were  installed  in  1907  at 
the  Berwind  Fuel  Company's  Dock  in  Superior, 
Wisconsin,  Fig.  4.  This  method  combines 
the  storage  machine  and  the  unloading 
machine  in  one  unit  thus  effecting  a  saving 
of  several  operations.  This  installation 
consisted  of  three  rope  operated  bridges  and 
was  later  increased  to  four.  The  capacity  of 
the  buckets  now  ranges  from  four  to  five  tons. 
The  length  of  the  bridges  are  506  ft.,  span 
295  ft.     Power  supply,  440  volts  alternating 


About  1908  or  1909  a  new  type  of  bridge 
was  brought  out,  called  the  "man-trolley." 
This  consists  of  a  trolley  car,  which  carries 
all  hoisting  and  propelling  machinery  as  well 
as  the  operator  and  bucket,  running  on  over- 
head rails  from  the  boat  to  the  pile.  It  is 
claimed  for  this  type  of  bridge  that  it  elimi- 
nates a  lot  of  rope  and  allows  the  operator  a 
close  view  of  his  bucket  at  all  times. 

In  1910  three  coal  bridge  equipments  were 
installed  at  the  Pittsburgh  Coal  Dock  and 
Wharf  Co.'s  Dock  No.  7,  Rice's  Point, 
Duluth,  Minn.  These  bridges  were  equipped 
with  three  225-h.p.,  500-r.p.m.,  440-volt  hoist 
motors  and  magnetic  control;  six  112-h.p., 
750-r.p.m.,  440-volt  rack  motors  and  mag- 
netic control;  and  three  112-h.p.,  750-r.p.m., 
440-volt  bridge  moving  motors  with  drum 
control.      Manually  operated  brakes  are  used 


Fig.  5       Coal  Bridge  Equipments  Installed  at  Pittsburgh  Coal  Dock  &  Wharf  Co.'s  Dock,  No.  7.  at  Rii 


current  25  cycles.  The  hoist  and  rack  (or 
sidewise  propelling)  motors  total  four  225- 
h.p.,  one  300-h.p.,  and  six  75-h.p.  motors. 
There  are  numerous  other  auxiliary  motors. 

In  this  type  of  bridge  one  motor  and  hoist- 
ing machine  is  used  for  hoisting  the  bucket; 
another  motor  and  hoisting  machine  for 
propelling  the  bucket  across  the  storage  pile. 
The  motor  and  hoisting  machine  are  station- 
ar3^  All  brakes  are  manually  operated 
through  levers.  There  are  two  operator's 
cages  per  bridge.  The  one  near  the  boat  is 
used  when  unloading  coal,  the  one  farthest 
from  the  boat  is  used  when  loading  coal  at 
the  rear  end  of  bridge.  The  three  original 
bridges  have  unloaded  10,500  tons  in  IS 
hours ;  the  present  four  bridges  have  unloaded 
10,500  tons  in  13  hours. 

Electrically-operated  locomotive  cranes 
with  grab  buckets  are  located  at  the  rear  of 
the  bridges  to  assist  in  loading  cars. 


on  the  principal  motions.  The  power  supply 
is  25  cycles,  alternating  current. 

A  general  view  of  the  dock  is  shown  in 
Fig.  5.  The  present  length  is  1250  ft.,  width 
764  ft.,  and  the  depth  of  the  coal  about  40  ft. 
Storage  capacity  is  about  825,000  tons  of 
bituminous  coal.  There  are  three  double- 
span  bridges,  about  576  ft.  long,  each  equip- 
ped with  a  trolley,  next  to  the  dock  face;  and 
two  single-span  bridges  about  300  ft.  long 
at  the  rear  of  the  dock,  which  can  be  aligned 
with  any  one  of  the  three  double-span  bridges 
and  operated  with  them,  thus  making  a  single 
bridge  876  ft.  long.  A  single-span  bridge  can 
be  used  for  transferring  a  trolley  car  from  one 
double-span  to  another  in  case  of  break- 
down. 

There  are  four  man-trolleys,  each  equipped 
with  a.  5}4  ton  bucket.  The  three  bridges 
working  simultaneously  on  a  10,000-ton 
boat,   when  depositing  coal   into  hopper  at 
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the  front  of  the  bridge,  can  unload  the  entire 
cargo  in  about  twelve  hours. 

Some  of  the  first  "man-trolley"  type  of 
coal  bridges  were  equipped  with  alternating- 
current  motors  for  hoisting  and  propelling 
and  air  brakes  for  lowering  and  stopping  the 
motions.  Experience  showed,  however,  that 
the  amount  of  wear  on  the  brakes  required 
that  they  be  expectionally  large  in  order  to 
be  reliable,  and  consequently  dynamic  brak- 
ing was  used.  This  was  obtained  by  sepa- 
rately exciting  the  alternating-current  motors 
with  low  voltage  direct  current.  When  the 
benefits  of  dynamic  braking  were  fully 
appreciated,  direct  current  became  more 
popular  for  the  "man-trolley"  type  of  bridge 
because  it  readil}^  lent  itself  to  the  use  of 
dynamic  braking. 

Figs.  6,  7  and  S  show  one  of  the  early,  large 
size,  direct-current  operating,  "man-trolley" 
type  bridges  with  power  plant.  This  bridge 
was  installed  at  the  Manitowoc,  Wis.,  plant 
of  the  C.  Reiss  Coal  Co.  All  necessary 
power  is  generated  by  a  direct-coupled  Curtis 
steam  turbine  at  250  volts.  Dynamic  brak- 
ing, in  conjunction  with  air,  is  used  on  all  of 
the  principal  motions  of  the  "man-trolley." 

Fig.  7  shows  a  near  view  of  a  screening 
plant  which  is  attached  to  the  pier  end  of 
the  bridge.  This  plant  is  equipped  with  a 
number  of  elevators,  belt  conveyors,  screens, 
etc.,  for  classifying  the  coal  as  it  is  loaded 
into  the  cars.  Coal  is  fed  into  the  screening 
plant  through  a  large  hopper  by  means  of  the 
grab  bucket.  Great  economies  in  the  hand- 
ling and  marketing  of  coal  are  effected  by 
this  screening  plant.  This  illustrates  an 
adaptation  of  electric  power  which  would  not 
be  practical  were  steam  used  for  hoisting 
coal. 

Fig.  7  also  shows  a  view  of  a  typical  boat 
on  the  Great  Lakes  used  for  carrying  bulk 
material.  All  of  these  boats  have  hatches 
with  12  foot  centers.  The  smaller  ones  have 
less  than  17  hatches  and  some  of  the  largest 
have  as  many  as  38.  They  carry  from  7,000 
to  14,000  tons  of  bulk  material.  The  hatches 
are  large  enough  to  permit  a  12-ton  coal 
bucket  or  a  20-ton  ore  bucket  to  enter,  fill 
itself  with  material  and  be  hoisted  out.  The 
engine  is  aft  and  the  captain's  quarters  are 
forward. 

Fig.  S  shows  a  Curtis  steam  turbine  and 
switchboard  used  for  supplying  power  to  the 
bridge  at  Manitowoc.  Usually  power  is 
supplied  to  this  type  of  dock  from  an  a-c. 
high-tension  power  system  through  a  rotary 
converter.     Direct  current,  550  volts,  seems 


to  be  the  typical  form  of  power  in  the  more 
recent  docks.  In  some  cases  flywheel  equali- 
zers are  used  to  absorb  the  power  peaks  and 
thus  reduce  power  rates.  This  extra  material 
is  not  required  as  much  now  as  formerly 
because  most  power  companies  are  large 
enough  in  capacity  to  make  a  rate  which  is 
as  favorable  without  a  flywheel  equalizer 
as  with  one. 

A  very  large  and  modern  ' '  man-trolley 
bridge  thoroughly  equipped  with  dynamic- 
braking  controllers  was  installed  at  the 
Northwestern  Fuel  Co.'s  Dock  No.  1, 
Superior,  Wis.,  in  1913.  Fig.  9.  It  carries 
a  12-ton  digging  bucket  or  a  6-ton  clean-up 
bucket.  A  digging  bucket,  in  closing,  draws 
coal  across  the  beam  of  the  boat  and  neces- 
sarily leaves  about  10  or  15  per  cent  of  the 
cargo  in  unreachable  piles  under  the  hatch 
coaming.  A  clean-up  bucket,  in  closing, 
draws  coal  along  the  beam  and  thus  gathers 
up,  without  the  formerly  used  expensive 
hand-shoveling,  practically  all  of  the  coal 
which  the  digging  bucket  leaves.  Thus 
another  big  economy  was  introduced.  This 
problem  has  been  solved  in  another  way  by 
mounting  the  hoisting  machinery  on  a  turn- 
table and  revolving  the  digging  bucket  when 
cleaning  up. 

The  overall  length  of  the  bridge  is  7123/2 
ft.,  the  span  is  551  ft.  There  are  four  230- 
h.p.  motors  used  for  hoisting  and  racking  the 
bucket. 


Fig.  10.      Mill  Motor  Which 


Bridge  Hoists 


Capacity  of  this  bridge  is  880  tons  per 
hour  maximum  when  propelling  coal  back 
from  the  boat  220  feet.  It  has  unloaded  a 
10,000-ton  boat  in  17  hours  and  50  minutes. 
The  tremendous  weights  and  speeds  make 
it  imperative  that  dynamic  braking  be  used 
for  lowering  the  buckets  and   stopping  the 
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trolley  ciir.  'I'lic  iimounl  <>1  heal  which  has 
to  be  dissi])alc(l  would  make  it  entirely 
im])ractical  to  use  friction  hrakin^. 

Fijjs.  10  and  11  show  the  sturd\'  motor  and 
control  panel  which  is  used  with  direct  current 
for  this  type  of  work.  On  account  of  the 
extremely  heavy  shocks  and  frequent  starts 
and  stops,  it  is  necessary  that  the  most  rug- 
ged type  of  electrical  machinery  be  em])lo\-ed. 

For  unloading  ore  and  limestone,  the  rope- 
operated  grab  bucket  has  been  used  exten- 
sively and  the  methods  of  handling  are  the 
same  as  previously  described  for  coal. 

A  large  portion  of  the  ore  is  unloaded  by 
a  power-operated  bucket  carried  on  a  stiff- 
leg  by  a  tremendous  walking  beam.  Fig.  12 
shows  a  plant  of  four  lo-ton  Hulett  unloaders 
and  one  ore  bridge  operated  by  direct-current 
motors  Union  Dock  Company,  Ashtabula, 
Ohio.      Each   unloader   has   an   aggregate   of 


Fig.  11.    Reversible  Contactor  Panel  for  Control  of  Series  Hoist 

Motor  with  Dynamic  Braking  Lowering,  Used  on 

Material  Handling  Bridges 


810  h.p.  of  motors.  This  plant  has  a  maxi- 
mum unloading  capacity  of  60  tons  of  ore 
per  minute  and  has  unloaded  a  10,000-ton 
boat  in  four  or  five  hours. 
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Fig.  1.'}  shows  a  hir^c  couliuK  station  whic-li 
was  erected  by  the  Isthmian  Canal  Commis- 
sion at  Cristobal,  Panama.  This  station  is 
unique  because  of  its  great  storage  capacity 
and  rai)id  liandlinj;  facilities;  also  on  account 
of  tlie  dilVu'ulties  which  had  to  be  overcome 
in  tlesigning  ajiparatus  to  withstand  the  very 
severe  climatic  conditions  on  the  Isthmus. 
The  following  data  regarding  this  installation 
will  be  of  interest: 

Storage  Capacity 

Coal  pile  1700  ft.  long  by  307  ft.  wide  by  35  ft. 
high  above  water,  3S."i,000  tons,  dry  storaf;e. 

Coal  pile  500  ft.  long  by  307  ft.  wide  by  27  ft. 
deep,  below  water,  100,000  tons  wet  storage. 

Total  ground  storage  capacity — 485,000  tons. 

Wharf  bunker  capacity — l.'SOO  tons. 

Equipment 

4  cargo  unloaders  (steam)  250  tons  each,  capacity 
1000  tons  per  hour. 

2  stocking  and  reclaiming  bridges,  315  ft.  span, 
1000  tons  each  (electric),  capacity  2000  tons  per 
hour. 

4  reclaiming  bridge  diggers,  500  tons  each  (elec- 
tric), capacity  2000  tons  per  hour. 

4  delivery  machines,  500  tons  each  (electric), 
capacity  2000  tons. 

28  conveyor  cars,  10  tons  each  (electric),  capacity 
2000  tons  per  hour. 

1  wharf  bunker  (electric),  capacity  1500  tons  per 
hour. 

1  viaduct,  double  track,  29  ft.  high,  surrounding 
coal  pile. 

1  transforming  and  distributing  station,  2900 
kv-a. 

1  administration  tower. 

Power  supply  440  volts,  3  phase,  25  cycles. 
System  of  operation  is  as  follows; 

Coal  is  hoisted  by  steam  towers  at  left 
of  dock  into  hoppers;  is  then  carried  through 
chutes  into  small  cars.  These  cars  are 
electrically  self-propelled  without  an  operator 
at  200  feet  per  minute  and  can  carry  ten  tons 
of  coal.  They  go  around  the  edge  of  the  dock 
and  dump  coal  either  in  a  wharf  bunker  in 
the  foreground  or  into  reloading  machines 
at  the  right  of  the  dock  or  they  cross  the 
bridges  and  dump  the  coal  into  the  storage  pile. 
They  go  in  continuous  circuits  and  they  are 
stopped  and  started  wherever  desired  by  an 
operator  who  stands  at  the  desired  point.  The 
coal  is  reclaimed  from  the  storage  pile  by  four 
digging  towers;  then  dumped  into  hoppers 
at  the  top  of  the  digging  tower  and  carried 
through  chutes  into  the  aforementioned 
small  cars.  It  can  be  propelled  in  these  cars 
to  the  wharf  bunker  in  the  foreground  or  to 
the  reloading  towers  at  the  right  of  the 
bunker.  The  reloading  towers  carry  the 
coal  by  means  of  belt  conveyors  from  the 
hoppers  to  chutes  which  spill  it  into  barges. 


Figs.  14  and  15  show  a  coal  handling  i)lant 
which  is  used  for  unloading  barges  at  the 
By-Products  Coke  Plant  of  the  LalJelle 
Iron  Works,  Follansbee,  W.  Va.  The  power 
sui)ply  is  440  volts,  3  phase,  fiO  cycles. 
Dynamic  braking  for  lowering  the  large 
buckets  is  obtained  by  means  of  small  direct- 
current  motors  which  are  coupled  to  the 
shafts  of  the  large  alternating-current  hoisting 
motors.  These  small  direct-current  motors 
serve  as  exciters  for  the  stator  windings  of 
the  alternating-current  motors,  and  thus  is 
obtained  a  system  of  dynamic  braking  which 
is  very  closely  comparable  to  the  operation 
of  a  direct-current  hoist  motor.  The  cranes 
are  of  the  hammerhead  type  and  use  motors 
with  magnetic  control  with  "plugging" 
feature  for  stopping  on  the  racking  motion 
and  also  on  the  turning  motion.  This  plant 
is  unique  on  account  of  its  geographical  lay- 
out. Tw'O  towers  are  so  installed  that  either 
can  be  run  on  a  large  track  down  to  the 
water-front,  and  there  used  for  unloading  coal 
from  barges  either  into  a  belt  conveyor  which 
carries  the  coal  directly  to  the  By-Products 
Plant,  or  into  bottom  dump  larry  cars  which 
carry  it  back  to  the  storage  area.  Coal  is 
dumped  from  these  larry  cars  into  a  pit  and 
removed  from  the  pit  by  the  other  crane. 
These  cranes  run  along  a  curved  track  and 
can  be  switched  so  that  they  are  interchange- 
able in  location. 

Fig.  16  shows  some  tower  cranes  at  the 
Limestone  Dock  of  the  D.  M.  &  N.  R.  R.  Co. 
in  West  Duluth,  Minn.  Power  supply  here 
is  440  volts,  3  phase,  25  cycles.  The  unique 
part  of  the  system  is  that  regenerative  brak- 
ing, in  conjunction  w-ith  air  brakes,  is  used 
for  lowering  the  buckets. 

Prior  to  1916,  steam-driven  coal  hoists 
were  used  almost  exclusively  where  extremely 
high  rope  speeds  and  light  buckets  were 
required  for  hoisting  coal  from  small  barges 
to  power-house  bunkers ;  but  the  development 
of  an  electric  motor  with  exceedingly  light 
flywheel  effect  in  its  armature  made  it  possible 
to  secure  the  desired  rapidity  in  starting, 
stopping  and  reversing  a  motor-driven  hoist, 
so  that  the  benefits  of  electric  operation  were 
at  once  rendered  available  for  this  particular 
class  of  power  application. 

A  coal  tow'er  hoist  of  this  type.  Fig.  17, 
was  installed  at  the  Essex  Street  Station  of 
the  Public  Service  Electric  Company  of  New 
Jersey,  to  give  a  rope  speed  of  1260  ft.  per 
minute,  with  a  lift  of  180  ft.  The  bucket 
capacity  is  two  tons  of  coal  and  tw'o  round 
trips  per  minute  are  made. 
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This  initial  installation  was  placed  in 
service  early  in  1916,  and  has  given  entire 
satisfaction  in  operation.  It  is  the  first  direct- 
connected  motor-driven  hoist  designed  for 
such  high  speeds  and  rapid  acceleration  as 
were  required  in  this  instance,  and  its  success- 
ful application  opened  up  a  wide  field  of  use- 
fulness for  motors  having  rotors  with  very 
light  flywheel  effect. 


Fig.  17.     Coal  Tower  Essex  Station,  Public  Service  Electric 

Company,  Newark,  N.  J.,  H2-Ton  Bucket.     Bucket 

Speed  1230  ft.  per  Minute 

The  equipment  at  the  PubUc  Service  Co.'s 
Essex  St.  Station  is  being  duplicated  and 
another  tower,  making  use  of  the  same  kind  of 
electrical  apparatus,  was  placed  in  operation 
in  June,  191S,  at  the  Westport  Station  of  the 
Baltimore  Consolidated  Gas,  Electric  Light 
and  Power  Co.  This  tower  is  also  being 
duplicated. 

At  the  Baltimore  Consolidated  Plant  the 
hoist  can  handle  a  two-ton  bucket  with  a 
vertical  lift  of  115  feet  at  the  rate  of  three 
round  trips  per  minute.  This  is  of  special 
interest  in  that  it  attains  a  capacity  in  excess 
of  anything  which  has  been  claimed  for 
similarly  constructed  steam-operated  towers. 

In  conjunction  with  this  coal  tower,  the 
Baltimore  Consolidated  Gas,  Electric  Light 
and     Power     Co.     installed    an    electricallv 


operated  cableway  (Fig.  18)  about  1000  ft. 
in  length,  which  is  unusual  for  this  particular 
service  in  that  the  control  for  the  hoist  motor 
is  located  near  the  center  of  the  storage  pile 
and  426  ft.  from  the  head  tower  in  which  the 
hoisting  apparatus  is  housed. 

The  stationary  head  tower  is  240  ft.  high 
and  the  traveling  tail  tower,  which  is  90  ft. 
high,  permits  the  bucket  on  the  cable  to 
reach  any  part  of  the  roughly  triangular 
storage  area.  The  conveying  speed  is  about 
1100  ft.  per  minute  and  the  weight  of  the 
bucket  when  empty  is  about  8500  lb.  and 
when  full  somewhat  over  14,000  lb. 

A  450-h.p.,  440-volt,  25-cycle  motor  is  used 
to  drive  the  hoist  through  air  actuated 
clutches  which  are  controlled  by  means  of 
solenoid  operated  valves.  The  friction  brakes 
are  similarly  air-operated  and  electrically- 
controlled. 

Application  of  Electricity  to  Coal  and  Ore  Handling 
Bridges 

In  applying  electrical  apparatus  to  coal 
and  ore  handling  bridges,  the  electrical 
engineer  studies  the  detailed  requirements  of 
each  bridge  builder's  machine,  and  co-operates 
to  bring  out  their  best  individual  features. 
Some  of  the  commonly  used  practices  and 
recommendations  are  outlined  below: 

DIRECT  CURRENT 

Substations 

Rotary  converters  or  synchronous  motor 
generator  sets  with  flywheel  motor  balancer 
sets,  where  power  rates  warrant  the  extra 
expense,  are  used.  It  is  customary  in  a  large 
station  to  have  one  spare  power  unit. 

Main  Hoist 

Series-wound  open-mill  motors  are  used, 
equipped  with  shunt-wound  shoe-type  sole- 
noid brakes,  if  required.  The  open  type  of 
motor  is  preferred  on  account  of  heating 
limitations,  but  the  motor  should  be  protected 
from  the  weather  by  a  "dog-house"  which 
iDrovides  for  ventilation.  The  solenoid  brake 
is  arranged  with  a  cutout  attachment  for 
speeding  up  its  operation.  Sometimes  com- 
pound windings  are  used  on  the  hoist  motors 
in  order  to  save  power  consumption  especially 
where  two  separate  hoists  are  used  for  one 
bucket. 

Automatic  magnetic  current-limit  control 
is  used.     This  has  the  following  features: 

1.  Smooth  automatic  acceleration  for 
hoisting,  providing  utmost  motor  capacity 
withotit  damage  to  the  commutator. 


i:Li:("i"Ririi\-  as  .\i'I'i.ii;i)  'id  i.oadixc  and  uxLoAniXd  oi'  lioATs  mw 


2.  Hifih  speed  kick-DlT  for  opcninj;  tlu' 
bucket  witli  least  possil)le  separate  excitation 
for  scries  fields.    This  saves  time  and  current. 

3.  Hij;li  S])ced  loweriu}^  with  only  ■'>  or  10 
per  cent  full  load  current  for  separate  excita- 
tion, and  automatic  deceleration  with  relays 
set  at  a  lower  value  of  current  than  was  used 
for  hoisting.  This  enables  a  high  lowering 
speed  to  be  used  without  damage  to  com- 
mutator when  stopping. 


;!.  Drift  point  on  master  controller  to 
allow  coasting  thus  saving  power. 

4.  Provision  for  combination  when  desired 
of  solenoid  brake  and  dynamic  braking  for 
sloi)|)ing. 

Boom  Hoist 

Series-wound,  totally-enclosed,  crane-type 
motors  with  shoe-type,  series-wound  solenoid 
brakes  and  dynamic  braking  drum  controller 


Fig.  18.     Perspectii 


T  of  Cableway  and  Coal  Tower  at  Baltimore  Consolidated  Gas  &  Electric  Company's  Worth  Street  Station 


4.     Low  torque  at  start  for  closing 
gently  when  cleaning  up. 


bucket 


Back  Motion 

Series-wound,  open-mill  motors  are  used. 
They  should  be  protected  from  weather  and 
yet  ventilated,  so  that  heating  will  not  be  a 
limitation.  Shunt-wound,  shoe-type  brakes 
are  provided  in  some  cases.  Automatic 
magnetic  current-limit  control  with  dynamic 
braking  is  used  when  bridge  builder  desires 
dynamic  braking.  This  must  have  the  fol- 
lowing features : 

1 .  Proper  starting  torque  to  "inch  "  loads. 

2.  Proper  number  of  points  to  give  smooth 
acceleration  and  deceleration  for  two  reasons : 
(a)  to  get  most  output  from  motor  without 
undue  shock;  (b)  to  get  maximum  average 
rate  of  acceleration  and  deceleration  without 
slipping  the  wheels  (this  is  especially  valuable 
in  wet  weather). 


with  heavy  duty  resistors.  Sometimes  a 
mill-type  motor  is  specified  in  order  to  dupli- 
cate other  motors  in  service. 

Bridge  Propelling 

Series-wound,  totally-enclosed,  weather- 
proof, crane-type  motors,  equipped  with 
series-wound,  totally-enclosed  disc-type  sole- 
noid brakes.  The  brakes  are  over  size  in 
order  to  provide  high  torque  for  holding  in 
a  wind  storm.  Drum-type  controllers  suit- 
able for  either  one  or  two  motors  are  used, 
and  these  controllers  have  slow-down  and 
creeping  speed  points  so  as  to  provide  the 
maximum  of  safety  when  propelling  in  a  wind 
storm,  and  so  as  to  stop  smoothly  in  spite 
of  the  high  torque  solenoid  brake  which  is 
necessary  for  safety.  Remote  magnetic 
control  with  masters  in  the  trolley  cab  are 
provided  in  some  special  cases  where  a  lot 
of  bridge   propelling  work   has   to   be  done. 
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Fig.  19.      Ore  Dock  No    2    Duluth  &  Iron  Range  R.  R..  Tw 
The  spouts  are  lifted  by  electric  motors 

These   magnetic   controls   provide   the   same 
creeping  speeds  as  do  the  manual  controllers. 

Rail  Clamps 

Auxiliary  motors  and  control  for  rail 
clamps.  They  work  in  conjunction  with 
bridge  propelling  control. 

Protective  Devices 

Circuit  breakers,  overload  relays  for  use 
with  contactors  and  push-button-reset,  limit 
switches. 

ALTERNATING  CURRENT 
Main  Hoist 

Open  crane-type  motors  are  used  for  all 
except  the  most  severe  or  rapid  service. 
Mill-type  motors  or  large  pillar-block 
motors  of  mill-type  construction  are  used 
for  most  rapid  or  severe  service.  For  very 
high-speed  hoists,  running  at  1000  ft.  per 
minute  and  above,  specially  designed,  slow- 
speed,  high-torque,  low  flywheel-effect  motors 
are  used  for  direct  coupling  to  the  hoist  drum. 
This  construction  eliminates  gear  losses,  wear 
and  noise  and  insures  .a  quick  start  which  is 
consistent  with  the  high  rope  speeds. 

For  controlling  small  hoists  at  around  100 
ft.  per  minute,  drum-type  controllers  with 
shoe-type  solenoid  brakes  are  used.  For 
controlling  large  slow-speed  hoists,  automatic 
magnetic  controllers  with  solenoid  load  brakes 
are  used.     For  controlling  large    high-speed 


hoists  automatic,  magnetic 
controllers,  with  dynamic 
braking,  are  used,  making  use 
either  of  a  separate  motor 
generator  set  or  preferably 
where  space  permits,  a  direct- 
coupled  direct-current  motor 
for  excitation.  For  all  s;zes  of 
hoists  where  the  bridge  builder 
takes  care  of  the  necessary 
braking,  plain  reversible  or 
non-reversible  automatic 
magnetic  control  is  used. 

All  alterna:ting-current  con- 
tactors are  operated  by  alter- 
nating current  and  no  direct 
current  is  necessary. 

Back  Motion 

Open  crane-type  motors  for 
ordinary  service  and  especi- 
ally rugged  mill  motors  for  the 
arbors.  Minn,  Very  hcavy  service  are  used. 

For  controlling  these  motors 
ordinary  reversible  drum  con- 
trollers   are    provided    for   small    sizes.     For 
larger    sizes    reversible    automatic    magnetic 


Fii;    20.     Control  Panel  and  Motor  Geared  to  Line  Shaft  Which 

Operates  Twelve  Small  Hoists  for  Lifting  Spouts.  Duluth  86 

Iron  Range  R.  R.  Docks,  Two  Harbors,  Minn. 

control  is  used  with  necessary  extra  steps  for 
"plugging"  where  needed  for  braking.  In  a 
few  rare  cases,  dynamic  braking  is  required 
with  direct-current  power  for  separate  exci- 
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tation,  supplied  from  a  small  motor  genera- 
tor set. 

Boom  Hoist 

Open  crane-type  motors  with  solenoid  load 
brakes  and  special  rheostatic  control.  This 
permits  the  boom  to  be  lowered  by  regener- 
ative braking  and  stopped  smoothly  by  the 
solenoid  load  brake. 

Bridge  Motion 

This  requires  open  crane-type  motors  with 
shoe-type  solenoid  brakes  in  "dog-houses" 
for  protection  against  weather,  or  totally 
enclosed  crane  motors  with  shoe-tj^pe  brake 
using  some  form  of  guard  for  the  brake. 
Totally  enclosed  mill-type  motors  with  shoe- 
type  solenoid  brakes  (having  guards  for  the 
solenoid  brakes)  are  used  in  some  cases, 
especially  where  duplicates  of  other  material 
in  a  mill  are  desired.  If  one  motor  alone  is 
used  for  propelling  the  bridge,  it  is  advan- 
tageous to  equip  it  with  a  multiple  magnet 
solenoid  brake  so  that  one  magnet  can  be 
used  for  giving  a  smooth  stop  and  the  other 
magnet  for  giving  extra  high  torque  for  hold- 
ing in  a  wind  storm.  Where  two  motors  or 
four  motors  are  used  for  propelling  the  bridge, 
it  is  advantageous  to  equip  all  of  the  motors 
with  solenoid  brakes  and,  in  stopping,  first  set 
one  half  of  the  solenoid  brakes  so  as  to  provide 
a  smooth  stop  and  then  set  the  other  half  for 
holding  against  the  wind.  Manual  type 
controllers,  either  for  one  or  two  motors, 
equipped  with  necessary  drift  points,  for 
handling  solenoid  brakes  as  outlined,  are 
provided. 

Rail  Clamps 

Small  motor  generator  sets,  capable  of 
giving  power  for  hoisting  and  d-c.  dynamic 
braking  for  lowering,  are  useful  in  handling 
the  very  large  weights  required. 

Protective  Devices 

Circuit  breakers,  overload  relays  for  use 
with  contactors  and  push-button-reset,  also 
limit  switches  are  all  required. 

Loading  of  Boats 

At  the  head  of  the  Great  Lakes,  ore  is 
loaded  into  boats  from  large  trestle  piers 
which  carry  hoppers  and  chutes.  Fig.  19. 
As  first  constructed  these  chutes  were  oper- 
ated by  man  power  and  much  labor  was 
required  and  a  great  deal  of  time  lost.  Sub- 
sequently, the  chutes  were  hoisted  and  low- 
ered   by    means    of    electric    motors.      The 


most  popular  practice  is  to  drive  about 
twelve  hoisting  machines  from  one  motor. 
The  motor  is  left  running  continuously  when 
no  hoisting  is  to  be  done  and  chutes  are 
manipulated  one  at  a  time  by  means  of 
clutches  which  attach  the  hoisting  mechanism 
to  the  motor-driven  shaft.  A  very  con- 
venient and  readily  adapted  method  of  drive 
would  be  an  individual  motor  and  controller 
for  each  hoist.  The  motors  could  be  extremely 
small  because  of  the  low  hoisting  speed 
required.  The  controllers  could  be  conven- 
iently grouped  in  pulpits  of  eight. 

440  volts,  alternating  currerit ' seems  to  be 
the  most  practical  power'  suppl3^ 

Figs.  20,  21,  22  23  and  24  show  a  large 
installation  for  handling  coal  from  car 
dumpers  through  belt  conveyors  to  a  ship 
at  the  coal  loading  pier  of  the  Baltimore 
&  Ohio  R.  R.  Company,  Curtis  Bay,  Balti- 
more, Md.  Its  equipment  at  the  shore  end 
of  the  pier  consists  of  two  steam-operated 
dumpers,  capable  of  handling  45  100-ton  cars 
per  hour,  which  in  service  have  actually 
dumped  50-ton  cars  at  the  rate  of  60  per  hour. 

The  coal  from  the  dumpers  is  deposited 
into  hoppers  and  distributed  by  six  short 
feeder  belt  conveyors  to  the  conveying  belt 
system  of  the  pier.  Two  radial  incline 
conveyors  pivoted  at  the  car  dumpers  also 
deliver  directly  to  the  power  station  hopper 
or  to  a  balancing  bin  of  6000  tons  capacity. 
The  feeder  belts  travel  at  varying  speeds 
and  are  driven  by  motors  averaging  about 
15  h.p.  in  capacity.  The  incline  conveyors 
each  utilize  a  150-h.p.  motor. 

The  pier,  700  ft.  long  by  110  ft.  wide, 
carries  longitudinally  four  main  60-inch  belt 
conveyors  driven  at  525  ft.  per  minute  by 
four  300-h.p.  motors  and  two  48-inch  belts 
driven  by  two  150-h.p.  motors.  Each  60-inch 
belt  trips  coal  into  movable  cross  conveyors 
which  spill  it  into  ship-holds  on  either  side  of 
the  dock.  Each  4S-inch  belt  trips  coal  into 
a  movable  incline  boom  conveyor  which 
spills  the  coal,  for  trimming,  in  the  boats.  A 
trimmer  is  on  each  side  of  the  dock.  The 
six  movable  conveyors  are  carried  on  travel- 
ing bridges.  Each  movable  conveyor  can  be 
moved  up,  down,  in,  out  or  sideways  while 
can-ying  coal — thus  obtaining  great  flexibility 
and  speed.  Each  movable  conveyor  with  its 
longitudinal  belt  and  feeders  is  controlled  en- 
tirely by  one  operator — all  starting,  stopping 
and  speed-variation  is  "fool-proof"  and  work 
the  belts  always  in  proper  sequence. 

Instead  of  some  200  or  more  exposed 
trolley  wires  for  carrying  power  and  control 
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circuits  alon^  tin'  dink  and  nwv  the  l)ri(l)^cs, 
use  is  made  dI'  twchc  llcxiblc  cables  whicli 
lay  on  the  face  of  the  dock  and  are  jjalhercd 
from  the  dock  to  bridjjes  on  counter-wcijjht- 
operated  cable-reels. 

550  volts  direct  current  is  useil.  'Die 
aggregate  maximum  rated  caiuicity  of  the 
pier  is  SOOO  tons  jjcr  hour. 

As  an  indication  of  the  sjjeed  witii  which 
ships  can  be  loaded  at  this  pier,  sOOO  tons  of 


steam  i)lant;  fourth,  it  readily  lends  itself 
for  use  with  limit  switches  and  other  con- 
\eniences  which  are  needed  on  high  lift  car 
dumpers  where  the  car  is  raised  vertically 
for  a  certain  distance  and  then  turned  around 
a  knuckle;  fifth  maintenance  costs  are  not  so 
great.  Many  electrically  ojjcratcd  car  dumper 
[jlants  have  consisted  of  a  Barney  car  hoist 
for  shoving  the  railroad  cars  onto  the  dumper 
and    a    dum])er    for    turning    the    car    over. 


Fig    25.      General  View  of  High  Lil;  ^ 
at  Semet  Solvay  Coke  Plant,  Indii 


Harbor,  Ind. 


coal  were  stored  in  the  hold  of  a  steamer  in 
three  hours  twenty  minutes,  including  all 
necessar}'  hand  trimming  for  the  proi^er 
stowage  of  the  cargo. 

On  the  Great  Lakes  it  is  customary  to 
dump  coal  from  railroad  cars  directly  into 
boats.  Figs.  25  and  26.  Years  ago  steam 
was  used  entirely  for  performing  these  oper- 
ations, but  modern  car  dumpers  are  making 
use  of  electricity  for  several  reasons:  first, 
it  is  more  economical;  second,  it  is  more 
accurately  controlled  and  hence  causes  less 
damage  to  railroad  cars;  third,  it  permits 
6f  the  use  of  tra\^eling  car  dumpers  which 
would  not  be  so  practical  with  the  traveling 


Fig.  26.     High  Lift  Car  Dumper.  Car  in  Completely  Dumped 

Position,  Installed  at  Semet  Solvay  Coke  Plant, 

Indiana  Harbor,  Ind. 

Direct  current  has  been  the  popular  form  of 
power  for  this  type  of  plant  because  it  lends 
itself  so  readily  to  the  exacting  control 
requirements  of  the  Barney  car  hoist.  For 
plants  which  contain  no  Barney  car,  alter- 
nating current  with  dynamic  braking  of  the 
tvpe  described  for  the  LaBelle  Iron  Works 
towers  on  page  359  is  equally  as  practical  and 
more  economical  than  direct  current. 

With  the  recent  advances  which  have  been 
made  in  the  art  of  controlling  high  speed 
freight  and  passenger  elevators,  it  is  highly 
probable  that  alternating  current  will  soon 
be  adapted  to  meet  all  requirements  for 
Barnev  car  hoists. 
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Car  Dumpers 


By  Jas.  a.  Jackson 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

The  ideal  railroad  freight  receiving  yard  or  dock  is  equipped  with  means  for  unloading  the  cars  quickly 
upon  their  receipt,  thus  releasing  them  for  further  duty  immediately.  For  this  service,  the  car  dumper  has  been 
developed  to  handle  free  flowing  bulk  freight  such  as  coal,  crushed  stone,  etc.  The  following  article  explains 
the  operation  of  the  two  principal  types  of  dumper;  the  turn-over  type  and  the  lift-and-turn-oyer  type,  both 
of  which  dump  sidewise.  The  motive  power  requirements  for  their  operation  are  described  and  the  suitability 
of  direct-current  and  alternating-current  equipment  is  fully  discussed. — Editor. 


Car  dumpers  are  used  for  dumping  coal, 
ore,  limestone,  or  other  kinds  of  free  flowing 
bulk  freight  from  open-top  standard  railway 
cars  commonly  known  as  gondolas.  The 
operation  is  carried  out  by  inverting  the  car 
until  all  its  contents  are  dumped. 

The  devices  for  this  purpose  may  be 
divided  into  two  general  classes;  viz.,  the 
side-dump  type  and  the  end-dump  type. 
The  end-dump  type  however  is  so  little  used, 
particularly  in  this  country,  that  no  effort 
will  be  made  to  cover  it  in  this  article. 

The  side-dump  type  can  be  further  divided 
into  two  general  classes,  the  turn-over  type 
and  the  lift-and-turn-over  type,  each  of  which 
can  be  either  movable  or  stationary.  The 
first  of  these  does  not  elevate  the  car  any  more 
than  is  actually  necessary  to  turn  the  car  into 
an  inverted  position.  When  of  the  stationary 
type,  they  are  usually  used  to  dump  into 
transfer  cars  or  onto  conveyors;  while  if 
movable,  these  auxiliary  devices  can  be 
omitted,  and  the  dumping  take  place  directly 
onto  stock  piles  or  into  boats.  The  second 
type  elevates  the  car  vertically  for  some 
distance,  before  starting  to  invert  it,  so  that 
it  will  be  high  enough  to  discharge  directly' 
into  large  vessels  or  high  storage  bins.  This 
type  is  seldom  made  movable  on  account  of 
its  height. 

The  general  construction  of  all  types  of 
dumpers  consists  essentially  of  a  structural 
steel  framework,  rectangular  in  form,  con- 
taining a  cradle  to  which  the  car  is  securely 
clamped  during  the  entire  dumping  cycle. 
This  clamping  is  done  entirely  automatically 
by  an  ingenious  system  of  clamps,  actuated 
by  counterweights,  which  are  so  arranged 
as  to  accommodate  themselves  to  all  sizes  of 
cars.  In  most  dumpers,  these  counterweights 
serve  two  other  purposes;  the  first  being  to 
assist  in  starting  an  overturned  car  in  the 
downward  direction,  and  the  second  being 
to  slide  the  car  sidewise  and  hold  it  firmly 
against  the  side  of  the  cradle.  In  order  to 
accomplish  this  sidewise  sliding,  the  track 
on  the  cradle  is  carried  on  a  platen  which  is 
supported   on   wheels   and   moves   in   guides 


to  keep  it  in  alignment.  Some  of  the  clamp 
counterweights  are  connected  by  ropes  to 
this  platen  in  such  a  manner  that,  as  soon  as 
the  cradle  starts  to  move  upwards,  the  platen 
and  car  move  sidewise  until  the  car  comes 
up  against  the  wooden  bumpers  on  the  side 
of  the  cradle.  It  is  then  held  there  through- 
out the  dumping  period  until  the  cradle 
arrives  at  a  jjoint  a  short  distance  from  the 
bottom,  at  which  point  a  series  of  mechanical 
arins  come  into  play  and  push  the  platen  back 
against  the  action  of  the  counterweights. 
This  lines   up   the   dumper  tracks   with   the 


B 


Vertical  Stotionorij 
column 

Fig.  1.     Roping  Arrangement  of  Lift-and-Turn-over  Dumper 


stationary  tracks  and,  as  the  top  clamps 
have  been  automatically  released,  the  car  is 
ready  to  be  pushed  off  the  dumper  by  the 
next  loaded  car  bumping  into  it.  From  the 
foregoing,  it  will  be  seen  that  a  car  is  sup- 
ported on  the  bottom,  top  and  one  side 
throughout   the   dum.ping  period. 


CAR    DLMI'ICkS 


3«7 


The  o])cration  of  a  lill-and-lurn-oXLT 
ilum])er  is  similar  to  llial  of  the  tiini-n\cr 
type,  just  described,  so  far  as  the  rotation 
and  tlie  action  of  the  platen  and  eouiUer- 
wei^hts  arc  concerned.  In  addition,  however, 
the  cradle  and  car  are  first  lifted  vertically 
to  the  desired  height  at  which  ijoint  the 
hinge  on  the  cradle  engages  the  rotation  ])in. 
This  engagement  stO])s  the  vertical  motion 
but  the  roj)ing  is  so  arranged  that  the  motion 
of  the  cradle  is  immediately  changed  to  one 
of  rotation,  thus  dumping  the  car.  In  lower- 
ing, the  reverse  operation  occurs,  viz.,  the 
cradle  is  first  rotated  to  a  horizontal  position 
at  which  point  the  hinge  and  its  pin  are 
unlocked,  permitting  vertical  motion  down- 
ward to  the  starting  level.  Fig.  1  shows  one 
method  of  roping  to  accomplish  this  purpose. 
To  prevent  severe  shocks  and  strains,  the 
speed  of  the  cradle  is  much  reduced  at  the 
moment  when  the  hinge  pin  engngcs  in  hoist- 


Throughout  the  ojicrating  cycle  on  any 
spicifir  dum])er,  the  power  re(|uiremenls  are 
contimially  varying  due  to  the  shifting  center 
of  gravity  of  the  load,  to  the  changing  lever 
arm  on  which  the  rope  acts,  and  to  the  action 
of  the  counterweights.  This  makes  a  very 
irregular  ])ower  curve  which  varies  in  shapr 
according  to  the  physical  dimensions  and 
design  <jf  the  cradle.  In  other  words,  almost 
any  two  different  designs  of  dumpers  will 
give  difTerent  shaped  jjower  cur\-es.  Fig.  2 
shows  a  tyi^ical  rope  load  cur\'e  for  a  revolving 
type  dumper,  and  Fig.  .3  show-s  one  for  a 
lift-and-turn-over  dumper. 

For  some  reason  which  does  not  seem  to 
be  entirely  clear,  the  majority  of  dumpers 
installed  up  to  within  the  past  few  years 
have  been  steam  operated.  The  most 
plausible  reason  seems  to  be  that  electric 
power  in  sufficient  quantities  has  not  been 
available   in    many    jilaces.      Electricity    cer- 


Fig.  2.      Typical  Rope  Load  Curve  for  Revolving  Type  Dumper 


ing  and  when  it  disengages  in  lowering. 
When  disengaging,  wheels  on  each  end  of  the 
cradle  come  up  against  vertical  guides  which 
maintain  the  alignment  of  the  cradle  during 
the  vertical  lift  and,  unless  the  speed  is  very 
low,  a  severe  side  thrust  is  thrown  on  the 
dumper  framework.  With  electrically  oper- 
ated dumpers,  these  slow-downs  are  obtained 
automatically  by  limit  switches,  as  will  be 
explained  later. 

The  power  required  for  operating  a  car 
dumper  is  necessarily  quite  large,  both  on 
account  of  the  heavy  w^eight  to  be  handled 
and  on  account  of  the  speed  which  must  be 
made  in  order  to  make  the  dumper  a  profit- 
able investment.  Ordinarily,  the  horse  power 
requirements  for  the  cradle  hoist  alone  run 
from  400  to  800  horse  power,  and  even  to 
1000  horse  power  in  some  cases,  to  which 
mu.st  be  added  the  requirements  for  any 
auxiliary  machinery  such  as  the  Barney  haul, 
pan  hoist,  revolving  chutes,  conveyors,  etc. 


tainly  has  many  advantages  over-steam,  and, 
if  obtainable,  is  the  most  desirable  form  of 
power  to  use.  If  steam  is  used,  it  generally 
requires  a  small  isolated  plant  with  non- 
condensing  engine  and  its  attendant  high 
condensation  losses,  poor  boiler  economy, 
high  stand-by  charges,  large  maintenance 
charges,  large  labor  requirements,  and  general 
all-around  low  efficiency.  Electric  power  is 
more  economical,  for  no-  power  is  consumed 
except  when  the  dumper  is  actually  moving. 
It  is  more  flexible,  for  the  control  can  be 
entirely  automatic  after  the  dtunper  has 
once  been  started  by  the  operator.  It 
requires  less  ground  space,  for  all  the  electrical 
machinery  can  be  installed  in  a  house  on  top 
of  the  framework  which  supports  the  cradle. 
Lowering  can  be  ver\-  accurately^  controlled 
by  dynamic  braking,  and  can  be  varied  over 
a  wide  range  of  speed  if  necessary  without 
any  special  attention  on  the  part  of  the 
operator.     The  maintenance  is  low  and  the 


368     May,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  5 


labor  requirements  are  small,  as,  aside  from 
the  operator,  it  is  only  necessary  to  have  an 
electrician  give  the  equipment  a  regular 
daily  inspection  and  renew  such  wearable 
parts  as  contactor  tips,  controller  fingers 
and  segments  and  motor  brushes  when  neces- 
sary. It  enables  the  operator's  cab  to  be 
conveniently  located  at  the  most  desirable 
point.  Electric  power  is  essential  on  the 
movable  type  of  dumper,  for  in  this  case  the 
entire  dumper  structure  with  its  machinery 
travels  on  tracks  so  as  to  dump  at  different 
points,  which  makes  it  necessary  to  conduct 
the  power  to  the  dumper  by  trolley  wires. 

If  electric  power  is  to  be  used,  the  question 
of  direct  current  versus  alternating  current 
immediately  comes  to  mind.  Unquestionably, 
direct  current  has  some  advantages  for  this 
service,  although  an  alternating-current  equip- 
ment can  be  designed  which  will  give  very  sat- 
isfactory operation.     From  the  rope  load  dia- 


A  typical  direct-current  installation  would 
consist  of  one  or  more  heavy  design  motors 
with  solenoid  brakes  such  as  are  used  in  steel 
mill  service,  controlled  by  magnetic  control 
equipment,  and  operated  from  a  master  switch 
in  the  operator's  cab. 

The  motors  should  preferably  be  compound 
wound  with  sufficient  shunt  field  to  give  a 
no-load  speed  of  about  150  per  cent  full-load 
speed,  although  series  motors  are  often  used 
very  successfully.  Compound-wound  motors 
give  a  more  uniform  speed  regardless  of  the 
weight  of  the  car  being  handled.  Also, 
dynamic  braking  and  a  "kick  off"  can  be 
obtained  more  efficienth^  since  the  shunt 
field  can  be  depended  upon  to  insure  excita- 
tion instead  of  separately  exciti-ng  the  series 
field  as  would  have  to  be  done  with  a  series 
motor.  The  size  of  the  motors  must  be 
carefully  calculated  from  a  duty  cycle  worked 
out  from  the  rope  load  curve,  Figs.  2  and  3. 


Fig.  3.      Typical  Rope  Load  Curve  for  Lift-and-Tu 


grams  it  will  be  seen  that  braking  is  required 
throughout  the  entire  lowering  cycle.  This 
action  can  be  obtained  very  simply  and  safely 
by  dynamic  braking  with  direct-current  mo- 
tors; whereas  with  alteniating  current,  dy^ 
namic  braking  requires  a  more  complicated 
equipment,  and  it  is  not  so  safe  as  with 
direct  current.  Furthermore,  the  torque 
characteristics  of  direct-current  motors  are 
somewhat  more  favorable  for  the  service  and 
the  torque  is  independent  of  the  voltage. 
Direct-current  control  equipment  can  be 
laid  out  to  give  emergency  dynamic  braking 
which  will  prevent  a  runaway  should  the 
power  supply  fail  and  the  solenoid  brake  fail 
to  hold  the  load.  This  cannot  be  done  with 
altenaating-current  power  and  the  solenoid 
brake  must  be  depended  upon  to  prevent 
damage  in  emergencies.  Positive  low  speeds 
while  starting,  stopping,  and  at  the  rotation 
pin  are  easier  to  obtain  with  direct-current 
than  with   alternating-current   equipment. 


The  service  is  such  as  to  require  an  open 
frame  motor  as  the  heating  is  too  severe  for  a 
totally  enclosed  motor.  In  figuring  a  duty 
cycle,  the  rest  period  between  trips  plays  a 
very  important  part  in  determining  the  best 
size  of  motor  and  should  be  given  very  care- 
ful consideration.  It  would  seem  advisable 
in  many  cases  to  work  out  two  duty  cycles, 
the  first  of  \yhich  would  be  based  on  handling 
the  maximum  number  of  cars  possible  for 
two  hours,  i.e.,  the  rest  period  would  be  a  min- 
imum. The  second  cycle  would  be  based  on  the 
a\'erage  number  of  cars  which  the  dumper 
would  be  likely  to  handle  in  a  ten-hour  day. 
This  would  give  a  longer  rest  period  as  it  is 
very  unusual  to  be  able  to  bring  loaded  cars  to 
a  dumper  as  fast  as  it  can  handle  them  for  ten 
consecutive  hours.  Motors  could  then  be 
selected  which  would  handle  the  average  ten- 
hour  load  continuously  and  the  maximum  load 
for  two  hours  without  overheating.  This 
would  result  in  an  economical  electrical  lavout. 
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Fig.  4.     Elementary  Diagram  of  D-c.  Control  Equipment  for 
Use  with  a  Compound-wound  Motor  on  a  Car  Dumper 

The  magnetic  control  equipment  must  be 
laid  out  to  give  automatic  acceleration  in  the 
hoisting  direction  by  cutting  out  series 
resistance  and  must  give  at  least  one  positive 
low-speed  point  by  a  resistance 
shunting  the  motor.  In  the  lower- 
ing direction  a  "kick-off"  torque 
must  be  provided  to  accelerate  all 
parts  to  full  speed  rapidly,  after 
which  the  torque  must  change  to 
dynamic  braking  automatically  and 
thus  lower  the  load  safely  at  the 
correct  speed. 

Automatic  deceleration  should  be 
provided  in  the  low^ering  direction 
to  prevent  too  high  torque  and 
current  peaks  with  consequent  dan- 
gerous mechanical  strains  when  the 
master  switch  is  thrown  suddenly 
to  the  "off"  point.  The  control 
must  have  a  speed  protective  relay 
to  prevent  too  high  a  speed  when 
it  is  found  necessary  to  lower  a 
loaded  car.  It  should  retain  dynam.ic 
braking  connections  in  the  "off" 
position  of  the  master  switch  and 
also  maintain  a  dynamic  braking 
circuit  in  case  the  power  fails.  A 
limit    switch    geared    to    the    hoist 


drum  must  automatically  jirovide  an  auto- 
matic slow-down  and  slop  at  each  end  of 
the  tra\el;  and,  in  the  case  of  a  lift-and-turn- 
over  dumi)er,  it  must  also  jjrovide  an  auto- 
malic  slow-down  and  acceleration  when 
passing  the  rotation  pin  in  each  direction. 
Fig.  4  shows  a  scheme  of  control  which  can 
be  installed  to  jjerform  all  these  functions, 
and  Fig.  5  shows  the  sijeed-torque  curves 
obtained  with  a  compound-wound  motor. 
These  speed-torque  curv'es  show  only  the 
hand  controlled  points.  There  are,  ot  course, 
other  automatic  points  for  both  hoisting 
and  lowering  to  insure  smooth  accelera- 
tion and  deceleration.  In  the  hoisting 
direction,  point  6  is  the  characteristic  cur\-e 
of  the  motor;  and,  if  the  load  on  the  dumjjer 
is  such  as  to  require  100  per  cent  torque,  the 
motor  will  run  at  100  per  cent  speed  on 
this  controller  point.  Point  1  hoisting  gives 
a  positive  creeping  speed  for  starting, 
stopping,  and  at  the  rotation  pin  on  lift- 
and-tum-over  dumpers.  In  using  the  lower- 
ing cur\'es  it  is  necessary  to  consider  that  an 
empty  car  is  being  lowered  and  that  the 
friction  of  the  dumper,  ropes,  and  hoist  parts 
assists  in  holding  back  the  load.  An  empty 
car  will  probably  not  weigh  more  than  25  per 
cent  of  the  combined  weight  of  the  car  and 
its  load,  hence,  neglecting  all  friction,  only 
2.5  per  cent  dynamic  braking  torque  would  be 
required  to  lower  it.  However  the  friction 
losses  will  further  reduce  this  to  about    15 
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Fig.  6.     Elementary  Diagram  of  A-c.  Control  Using  Dynam 
Lowering  Points.     No  Kick-off  Provided 


per  cent  so  that  to  find  the  speed  at  which 
an  empty  car  would  be  lowered  we  must 
find  the  intersection  of  the  15  per,  cent 
dynamic  braking  torque  line  with  the  point  6 
lowering  curve,  which  shows  a  speed  of  143 
per  cent.  The  speeds  on  other  controller 
IDoints  may  be  found  by  following  the  15  per 
cent  torque  line  to  the  intersection  with  the 
other  curves.  If  necessary  to  lower  a  loaded 
car,  a  dynamic  braking  torque  of  from  35  to 
50  per  cent  will  be  required  depending  upon 
the  efficiency  of  the  dumper.  On  point  6  this 
would  give  a  speed  of  from  ISO  to  210  per 
cent  which  is  too  high,  hence  a  speed  pro- 
tective relay  (actuated  by  motor  voltage)  is 
set  to  operate  at  about  160  per  cent  speed 
thus  throwing  the  connections  of  the  control 
equipment  back  to  point  5  regardless  of  the 
operator.  This  change  reduces  the  speed  to 
from  110  to  125  per  cent  which  is  satisfactory. 
Of  course  the  shape  of  the  lowering  curves 
can  be  readily  changed  to  meet  specific 
operating  conditions  by  r.hifting  the  resistor 


taps  to  increase  or  decrease  the  ohmic  values 
of  the  various  steps. 

If  alternating-current  power  has  to  be  used, 
the  motor  must  be  of  the  wound-rotor  slip- 
ring  type  with  open  frame  and  be  equipped 
with  a  full-torque  shoe-type  solenoid  brake. 
The  control  should  be  full  automatic  and 
provide  current-limit  acceleration  in  the 
hoisting  direction.  In  lowering,  either  of 
two  different  schemes  can  be  used.  The  first 
uses  dynamic  braking  throughout  the  entire 
lowering  cycle  bNr  applying  direct  current, 
from  a  small  special  motor-generator  set,  to 
one  phase  of  the  stator  winding  of  the  induc- 
tion motor.  The  second  uses  regenerative 
braking  except  during  the  slow-down  period 
when  dynamic  braking  would  be  applied  b}" 
supplying  direct  current  to  the  stator  winding 
as  in  the  first  case.  This  second  scheme  has 
the  advantage  of  being  more  economical  in 
power  and  it  provides  a  "kick  off"  to  get  the 
car  started  down  quickh^  It  has  the  dis- 
advantage that  in  changing  over  from  regen- 
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oral  inn  to  dyiuimic  brtilvinj;  IIhtc  is  an  inslaiil 
whon  tlu'iv  is  no  ])o\vcr  at  all  applied  Ui  the 
motor  and  means  must  he  ])r()\idod  to  prevent 
the  solenoid  l)rake  from  settinj;  at  this  time. 
I'urlhermore,  it  is  more  coin])liealed  tlum  the 
first  scheme.  If  the  first  scheme  is  used,  the 
dumper  must  ha\e  suHicient  downward  i)ull 
in  any  position  to  break  the  static  friction 
and  accelerate  all  the  machinery  as  no  "kick 
off"  can  be  provided.  This  slows  up  the 
cycle.  With  either  scheme,  the  solenoid 
brakes  must  be  depended  upon  to  stop  the 
load  if  ])ower  fails  as  no  emergency  dynamic 


control;  and  Fi^.  '.»  shows  the  characteristic 
curves.  An  examination  of  Fijj.  H  shows 
that  si)cod  re){ulation  at  i^ractical  lowtrini^ 
torque  values  is  n<jt  j.;o(xl.  For  example,  the 
].")  jier  cent  d\-namic  braking  torque  on  jjoint  0 
gives  a  sjieed  of  ill)  ])er  cent.  A  .">  per  cent 
increase  in  torciue  increases  the  speed  to  U)') 
])er  cent.  This  is  an  inherent  <letriment  to 
this  method  of  control  and  shows  the  necessity 
for  a  reliable  speed  jjrotective  device  and 
brake.  Point  0  lowering  on  Fig.  9  shows  just 
the  opposite  elTect  as  the  speed  is  almost  con- 
stant over  widely  varying  torque  values  and 
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Speed-torque  Curves  of  A-c.   Motor 
Dynamic  Braking  for  Lowering 


braking  can  be  obtained.  For  this  reason 
it  is  advisable  to  have  a  separate  powerful 
emergency  brake,  weight  set,  and  operated 
through  a  suitable  trigger  which  will  trip 
from  a  flyball  governor  if  the  speed  attains  a 
definite  amount  above  normal.  Both  schemes 
require  a  special  motor-generator  set  for 
supplying  direct-current  excitation  at  the 
proper  voltage.  Fig.  0  shows  an  elementary 
diagram  of  connections  for  the  scheme  using 
dynamic  braking  only;  and  Fig.  S  shows  the 
speed  torque  curves  obtained  from  such  a 
control.  Fig.  7  shows  the  connections  for  the 
combined  regenerative  and  dvnamic  braking 


ily  Fig.  9.     Speed-torque  Cuives  of  A-c.  Motor 

Using  Both  Regenerative  and  Dynamic 
Braking  for  Lowering 

is  only  a  few  per  cent  o-ver  the  synchronous 
speed  of  the  motor.  However,  higher  speeds 
can  be  obtained  by  leaving  resistance  in  the 
secondary  circuit  of  the  motor  as  shown  by 
the  dotted  curves  but  here  again  speed 
regulation  becomes  poorer  as  the  secondary 
resistance  is  increased. 

With  either  scheme  of  control,  a  failure  of 
power  supply  shuts  down  the  motor-generator 
set  supplying  the  direct -current  excitation 
and  stops  the  dynamic  braking  im-mediately. 
This  throws  the  entire  work  of  stopping 
the  machinery  on  the  friction  brakes,  hence 
the  necessity  for  their  positive  reliability. 
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The  shape  and  general  layout  of  a  car 
dumper  is  such  that  two  or  even  four  small 
motors  operating  in  parallel  work  to  better 
advantage  than  a  single  large  motor  and 
consequently  dumpers  are  generally  built  in 
this  way.  The  characteristics  of  direct- 
current  "series  motors  are  such  that  two  or 
more  operating  in  parallel  will  inherently 
divide  the  load  equally  when  hoisting  and 
it  is  not  at  all  difficult  to  make  them  divide 
the  dynamic  braking  load  by  adjusting  the 
resistors.  Compound-wound  motors  will 
usually  divide  the  load  near  enough  for  all 
practical  purposes  when  hoisting  and  they 
also  can  be  easily  made  to  divide  the  brak- 
ing load  when  lowering  by  resistor  adjust- 
ment. Alternating-current  slip-ring  motors, 
however,  have  characteristics  which  do 
not  favor  parallel  operation  as  their  speed- 
torque  curve  is  too  flat  over  a  wide  range  of 
torque ;  hence  the  layout  of  an  alternating- 
current  operated  dumper  might  have  to  be 
such  as  to  sacrifice  some  good  points  in  the 
machinery  design  and  arrangement  to  make 
it  adaptalDle  to  one  motor  operation. 

Where  two  or  more  direct-current  motors 
are  operated  in  parallel,  it  is  customary  for 
each  one  to  have  its  own  contactor  panel 
and  resistor  and  to  operate  all  the  panels 
in  parallel  from  one  master  switch.  With 
such  an  arrangement  a  disabled  motor  or 
panel  can  be  quickly  cut  out  by  disconnect- 
ing switches  and  the  operation  continued 
at  reduced  capacity. 


Fig.    10.      End    View    of     Lift-and-Turn-over     Stationary     Type     Ca 

Dumper,  Electrically-operated  by  41 75  h.p.  Continuous-rated 

Motors.     Capacity  One  100-Ton  Car  Every  2 '2  Minutes 


Fig.   11.      Car  Dun 
Position  with  Ca 


;  Ready  for  Hoisting 


Fig.  12.     Lift  and  Turn-ove 
Cradle  Just  Past  the  Ro 


Dumper. 
1  Pin 
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Electrical  Equipments  for  Movable  Highway 
and  Railway  Bridges 

lU     II.    II     VivRNON 
I'uWKK    AM)   MlMM.   1'.N(.|M:i:KIN(.   DkI'ARTMK.NT,  CiKM-.KM.   1vII'.(   IKIC   CdMI'ASV 

The  designer  of  bridges  has  found  electricity  the  ideal  motive  power  for  operating  the  movable  spans  of 
liridges  which  cross  navigable  waterways.  The  application  of  this  form  of  power,  supplied  by  a  central  sta- 
tion, eliminates  the  heavy  and  wasteful  standby  losses  that  would  be  incurred  by  an  isolated  steam  plant  at 
the  liridge.  Electric  drive  is  reliable  and  lends  itself  readily  to  the  ajiplication  of  interlocking  and  indicating 
devices.  In  the  following  article  the  various  types  of  movable  span  bridges  are  defined  and  illustrated,  and 
then  the  complete  alternating-current  and  direct-current  electrical  equipment  which  may  be  applied  to  their 
operation  are  described  in  detail. — Ediior. 


There  are  several  types  of  movable  hij^hway 
and  railway  bridges  in  use,  some  of  which  will 
he  described  in  this  article. 

Swing  Span  Bridges 

This  type  consists  of  a  S])an  whose  weight 
is  either  supported  at  the  center  on  a  bearing 
of  phosphor  bronze  discs,  or  on  conical  roller 
bearings  or  wheels  of  small  diameter  which 
run  on  a  steel  plate  track  some  distance  from 
the  center  of  the  bridge  sjian  (Figs.  1,  2, 
and  3.) 

As  will  be  seen  from  the  illustrations,  there 
is  plenty  of  room  for  a  pier  in  the  water  with- 
out interfering  with  navigation,  and  this 
consideration  often  determines  the  type  of 
bridge  that  is  used. 

Draw  Bridges 

There  are  a  large  number  of  bridges  over 
canals  and  narrow  streams,  and  where  land  is 
not  valuable  a  drawbridge  is  sometimes  erected. 
This  type  of  bridge  is  naounted  on  wheels  and 
somewhat  resembles  a  large  transfer  table. 
There  are  several  means  of  moving  the  span, 
viz. : 

1.  Mount  the  motor  or  motors  on  the 
movable  span  and  gear  to  the  wheels. 

2.  Have  the  tracks  on  which  the  bridge 
runs  arranged  on  a  slight  incline  so  that  the 
bridge  is  pulled  up  hill  by  a  motor  geared 
to  a  hoist  drum  and  lowered  down  the  iiicline 
by  gravity. 

3.  Use  a  level  track  and  have  a  motor 
geared  to  a  double  hoist  drum.  One  drum 
])ulls  the  bridge  open  and  the  other  pulls  it 
shut.     (Fig.  4.) 

Vertical  Lift  Bridges 

The  movable  span  of  this  type  of  bridge 
travels  in  a  vertical  plane  and  always  stays 
in  a  horizontal  position.  It  is  used  where 
there  is  not  much  boat  traffic  requiring  high 
head  room  for  masts  and  stacks,  as  it  is  only 
necessarv  to  raise  the  bridge  sufficientlv  to 


give  clearance  between  the  boat  and  the 
bottom  of  the  bridge,  instead  of  taking  it  to 
the  extreme  top  position  thus  saving  time. 
(Fig.  .-,.) 

Bascule  Bridges 

There  are  three  distinct  types  of  bascule 
l)ridges,  viz. : 

I .  Scherzer  roller  bascule,  which  consists 
of  one  or  more  leaves  with  a  section  of  a  large 
wheel  at  one  end.  The  leaf  is  counter- 
balanced and  rolls  on  a  flat  plate  track. 


Fig.  1.     Driving  Mechanism  on  a  Swing  Span  Bridge 
Xote  small  wheels  on  which  weight  of  span  is  carried. 

The  racks  to  which  the  motor  or  motors 
are  geared  are  mounted  on  the  stationary 
part  of  the  bridge,  and  therefore  the  motors 
turn  through  aii  angle  of  approximately  90 
deg.  with  the  motor  shaft  as  an  axis.  It  is 
necessary  to  arrange  the  motors  with  some 
form  of  lubrication  other  than  oil  rings. 
(Figs.  (),  7  and  S.) 
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2.  Rail  t.\|)e,  which  is  similar  lo  [I) 
except  that,  a  ])air  of  wlicels  are  used  at  one 
end  of  the  movable  sjian  and  the  action  in 
opening;  the  brid},'e  is  somewhat  like  a  two- 
wheeled  dump  cart  with  the  body  of  the  cart 
attached  to  the  ^'round.  When  the  wheels 
are  mo\"ed   backward    one    end 

of    the    leaf    of    the   bridge  is 
raised.  (Figs.  12,  13  and  14.) 

3.  Strauss  bascule  bridges 
open  in  the  same  manner  as 
(2),  but  use  a  main  trunnion 
on  which  the  leaf  turns.  A  large 
walking  beam  is  used,  one  end 
of  which  is  connected  to  the 
bridge  leaf,  and  the  other  end 
to  the  counterweight.  The  racks 
to  which  the  motors  are  geared 
are  either  pinned  at  one  end  to 
the  stationary  part,  or  to  the 
movable  part  of  the  bridge.  If 
the  racks  are  pinned  to  the 
stationary  part  the  motors  are 
mounted  on  the  movable  span 
and  therefore  must  be  arranged 
so  that  they  can  revolve  through 

an  angle  of  approximately  90  deg.,  using  the 
motor  shaft  as  an  axis.  If  the  racks  are 
pinned  to  the  movable  span  the  motor  may 
have  oil  ring  lubrication,  as  it  is  stationary. 
(Figs.  9,  10  and  11.) 


Elcctricul  Equipment 

The  eleetri(;al  etiuiiJinent  for  the  dilTerent 
tyjjcs  of  bridges  is  about  the  same,  and 
therefore  we  shall  consider  that  for  a  double 
leaf  Strauss  bascule  bridge.  As  alternat- 
ing    and     direct-current     equipments     are 


Fig.  16.    3-phase,  60-cycle.  440-volt.  Totally 


h  Solenoid  Brake 


Fig.  15.     30-h.p.,   1200-r.p.m.,  3-phase.  60-cycIe,  440volt 

Totally  Enclosed  Motor  Arranged  to  Turn 

Through  an  Angle  of  90  Deg. 


This  type  of  bridge,  especially  the  double 
leaf,  is  the  safest  because  when  it  is  open  it 
forms  its  own  barrier  and  it  is  impossible  for 
a  train  or  car  to  run  off  the  stationary  span 
into  the  water. 


used   successfully,    both    t\pes    will    be    de- 
scribed. 

ALTERNATING-CURRENT  EQUIPMENT 
Main-operating  Motors 

Standard  practice  is  to  use  totally  enclosed 
slip  ring  motors,  rated  on  a  twenty  minute 
5.5  deg.  C.  rise  basis  and  with  bearings 
arranged  with  wick  lubrication.  The  normal 
torque  of  the  motors  should  be  twice  that 
required  to  overcome  the  friction  of  the 
bridge,  and  starting  torque  should  be  at 
least  twice  the  normal  torque.  This  is 
necessary  in  order  to  provide  sufficient  torque 
to  overcome  static  friction  under  adverse 
conditions  and  to  open  and  close  the  bridge 
when  a  high  wind  is  blowing.  The  motors 
drive  through  a  pinion  which  is  either 
mounted  on  the  motor  shaft  or  on  another 
shaft  which  is  connected  to  the  motor  shaft 
bv  means  of  a  coupling.  (Figs.  15  and 
16.) 

Solenoid  Brakes 

Spring-set  shoe-type  solenoid  brakes  capa- 
ble of  holding  75  to  100  per  cent  motor 
torque  are  mounted  on  the  collector  ring 
end  of  the  motors.  Spring-set  brakes  are 
used  in  order  that  they  may  be  effective  at 
any  position  of  the  motor  when  opening  or 
closing  the  bridge.  The  brakes  must  be 
arranged   so   that   they   can   be   released   by 
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hand,  because  it  is  sometimes  necessary  to 
operate  the  bridge  on  failure  of  power. 

Emergency  Brakes 

Spring-set   emergency   brakes    are   usually 
used  which  will  hold*  from    100   to    125  per 


Fig.  17.     Motor-operated  Lifting  Mechanisms  for 
Emergency  Brake 

cent  of  the  normal  torque  of  the  motor,  and 
they  are  mounted  on  an  extension  of  the 
motor  shaft.  Standard  solenoid  brakes  can 
be  obtained  to  hold  2S00  pounds  torque  at 
one  foot  radius,  and  sometimes  two  of  these 
large  brakes  are  used  instead  of  one  in  order 
to  obtain  the  braking  torque  required. 

Controllers 

Either  drum  controllers  or  panels  contain- 
ing magnetic  switches  are  used.  The  former 
are  more  common,  and  a  great  many  single 
and  two-motor  controllers  with  a  drift  step 
are  in  use.  One  standard  arrangement  is  to 
use  a  drum  controller  that  controls  two 
motors  in  parallel  and  energizes  the  solenoid 
brakes  on  the  first  step  without  applying 
power  to  the  motors,  thus  obtaining  a  drift 
step.  Another  standard  arrangement  is  to 
use  two  single  motor  controllers  arranged 
with  a  drift  step,  and  quite  frequently  these 
two  controllers  are  geared  together  so  that 
they  can  be  operated  by  one  handle.  The 
gearing  connecting  the  two  controllers  is  so 
arranged  that  it  can  be  thrown  out  of  mesh  and 
either  controller  operated  singly.     (Fig.  IS.) 

Resistors 

Resistors  for  the  motors  consist  of  one  or 
more  sections  of  cast  grids.     With  the  con- 


troller on  the  first  i^ower  step  the  motor  or 
motors  will  exert  approximately  35  per  cent 
of  normal  torque.  The  current-carrying 
capacity  of  the  resistor  is  quite  liberal  and 
frequently  they  are  laid  out  to  carry  full  load 
rotor  current  on  any  step  of  the  controller 
where  it  is  possible  to  develop  full  load  torque 
or  more.  On  the  first  two  or  three  steps  it  is 
only  necessary  to  have  current-carrying 
capacity  equivalent  to  the  torque  exerted  by 
the  motor  on  these  steps  respectively. 

Lock  Motor 

Regardless  of  the  size  of  the  main  motor 
or  motors,  the  lock  motor  is  almost  always  of 
a  5-h.p.  totally  enclosed  squirrel- cage  type 
rated  on  a  basis  of  10  minute  55  deg.  C. 
rise.  This  motor  is  arranged  with  metalline 
bearings  and  a  spring-set  shoe-type  solenoid 
brake  so  that  it  can  be  tilted  at  an  angle  of 
90  deg.  in  a  direction  at  right  angles  to  the 
shaft.     (Fig.  19.) 

Controller 

As  a  squirrel-cage  motor  of  this  size  is 
thrown  directly  on  the  line,  a  drum  type 
reversing    switch    is    used.       The    reversing 


Fig.  18.     Main  Motor  Controller 

switch  is  so  arranged  that  it  energizes  a  con- 
tactor in  the  motor  circuit,  and  no  push 
button  or  other  auxiliary  short  circuiting 
switch  is  necessary  to  bridge  the  limit  switch 
after  it  has  tripped  out  the  contactor.  (Fig. 
20.) 
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Limit  Switches 

A  j^'i'iiivd  l.\|n'  limit  switch  is  usi-d  tor  viich 
leal  of  the  hriiJKe.  'Phis  limit,  switch  shuts 
off  ])()Wi.'r  from  llic  motors  wlun  the  leaves 
have  reached  their  H])])er  and  lower  limits. 
The  limit  switch  does  not  handle  the  motor 
current  direct,  hut  0])erates  a  contactor  in 
the  motor  circuit.  In  addition  to  shutting 
olf  power  at  each  end  of  travel  the  limit 
switch  shows  by  means  of  lamps  the  ojien, 
nearly  open,  nearly  closed  and  closed  i)osi- 
tions  of  the  bridge. 

A  track  type  limit  switch  is  used  on  the 
lock  to  shut  off  power  from  the  motor  in  eacli 
direction,  and  in  addition  it  com])letcs  a 
circuit  when  the  lock  has  been  withdrawn. 
The  circuit  w-hich  is  completed  is  the  con- 
tactor coil  circuit  of  the  leaf  motors  thus 
interlocking  the  leaf  motors  with  the  lock. 
When  the  lock  is  in,  power  cannot  be  applied 
to  the  leaf  motors,  but  as  soon  as  the  lock 
has  been  withdrawn  power  can  be  apjilied 
and  the  leaves  opened. 

A  track  type  Lmit  switch  is  used  to  show 
by  means  of  lamps  the  open  and  closed  posi- 
tions of  the  lock.     (Fig.  21.) 

In  order  that  power  may  not  be  applied  to 
the  lock  motor  until  after  the  bridge  has 
closed,  a  track  type  limit  switch  is  used  that 
opens  as  soon  as  the  bridge  leaf  opens.  This 
opens  the  lock  motor  contactor  coil  circuit, 
and   no   jjower   can   be   applied    to   the   lock 


Switchboard 

A  bridge  e(|uipmcnt  is  not  complete  with- 
out a  switchboard,  ami  therefore  jjractically 
all  electrically  o))eraled  iiridges  of  this  tyjjc 
hiiw  a  switchboard  consisting  of  one  or  more 
jianels  mounted  on  suitable  framework  con- 


Fig.  20      Drum  Type  Reversing  Switch  for  Lock  Motor 

taining  the  following  material: — voltmeter, 
ammeter,  main' line  switch,  main  line  circuit 
breaker  with  overload  and  low  \-oltage  release 
attachments,  double  or  triple-pole  magnetic 
switches  or  contactors  for  the  leaf  and  lock 
motors,  overload  relays  for  the  leaf  and 
lock  motors,  triple-pole  cutout  switches  in 
each  motor  circuit,  and  double-pole  fused 
switches   for   each    lighting    circuit,  such    as 


Fig.    19.      S-h.p.,  900-r.p.m.,  3-phase,   60-cycIe,  440-volt, 

Totally  Enclosed  Lock  Motor  with  Spring-set 

Solenoid  Brake 


Fig.  21.     Track  Type  Limit  Switch 


motor  until  the  leaf  closes  and  allows  the 
limit  switch  to  close  again. 

Normally  open  push  button  stations  are 
used  to  short  circuit  the  limit  sw-itches  in 
order  to  fully  open  or  fully  close  the  lock  and 
fully  close  the  bridge  leaves  after  the  limit 
switches  have  cut  off  power.     (Fig.  23.) 


operator's  house,  machinery  house,  signal 
lights,  navigation  lights  and  bridge  lights. 
(Fig.  22.) 

The  indicating  lamps  to  show  the  different 
positions  of  the  leaves  and  lock  are  placed 
behind  bull's-eye  lenses  mounted  on  a  slate 
panel.    This  panel  is  suitable  for  wall  mount- 
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ing,   and  is  placed  so  that  it  can  be  con- 
veniently seen  by  the  operator.    (Fig.  25.) 

DIRECT-CURRENT  EQUIPMENT 
Main  Operating  Motors 

Series  wound  totally  enclosed  crane  or 
mill-type  motors  rated  on  a  basis  of  30  minute 
50  deg.  C.  rise  (crane  type)  or  75  deg.  C.  rise 
(mill  type)  are  used.  The  normal  torque 
should  be  about  twice  that  required  to  over- 
come the  friction  of  the  bridge.  The  motors 
are  arranged  with  either  grease  cup  or  oil  waste 


Fig.  22.      Switch  Board  for  Alternatingcurrent 
Strauss  Bascule  Bridge  Equipment 

lubrication  so  that  they  will  operate  success- 
fully when  tilted  through  an  angle  of  90  deg. 
as  described  above ^     (Fig.  24  and  26.) 

Solenoid  Brakes 

The  solenoid  brakes  are  of  the  same  type 
as  those  used  for  alternating-current  equip- 
ments, and  are  shunt  wound  to  obtain  drift- 
ing on  the  motors. 

Controllers 

When  two  motors  are  required  not  exceed- 
ing   50    h.p.     (total),    230    volts,    the    con- 


troller used  is  of  the  two  cylinder  type, 
one  for  cutting  resistance  out  of  the  arma- 
ture circuit  and  the  other  for  reversing  the 
motors  and  by-passing  the  leaf  limit  switch. 
It  is  arranged  to  energize  the  solenoid 
brakes    on    the   first    step   without    applying 


Fig.  23.      Push  Button 

power  to  the  raotors,  thus  providing  a  drift 
step.      (Fig.  28.) 

Resistors 

The  resistors  are  of  the  cast  grid  type,  and 
sufficient  resistance  is  provided  to  give  about 
35  per  cent  of  normal  torque  on  the  first 
power  step  of  the  controller.  The  current- 
carrying  capacity  is  sufficient  to  allow  full 
load  current  to  flow  continuously  on  all  steps 
of  the  controller  where  full  load  torque  or 


Fig.  24.     25-h.p.,  725-r.p.m.,  Series  Wound  230-volt  Motor 

more  obtains  without  exceeding  a  temperature 
rise  of  350  deg.  C.  On  the  steps  where  less 
than  full  load  torque  obtains  the  current- 
carrying  capacity  is  arranged  accordingly, 
that  is,  on  the  first  power  step  current  flows 
to  produce  35  per  cent  torque,  and  the  first 
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division  of  the  resistor  is  laid  out  to  lan  v  a 
current  ccjiiivalent  to  this  tortjue. 

Lock  Motor 

The  lock  motor  is  usually  .">  h.p.,  72.3  to 
SOO  r.p.m.  series  wound,  totally  enclosed, 
and  arranged  with  grease  cup  or  oil  waste 
lubrication. 

Solenoid  Brake 

A  shoe-type  spring-set  shunt  or  series 
wound  solenoid  brake  is  used  to  stop  and 
liold  the  motor  armature  when  power  is  cut 
off  at  each  end  of  the  travel. 


'J'he  controller  shown  in  Fig.  27  is  used,  and 

no  au.xiliary  short-circuiting  device  to  short- 
circuit  the  limit  switch  is  necessary  to  energize 
ohc  motor  in  the  ojjjjosite  direction  after  the 
limit  switch  has  shut  off  power  if  two  single 
])ole  magnetic  switches  are  used. 

Resistor 

A  grid  type  resistor  is  used  for  2.'30  volts, 
and  a  resistor  consisting  of  wire  wound  units 
for  ooU  volts.  As  the  duty  is  extremely 
intermittent  the  resistor  used  is  the  same  as 
the  standard  crane  duty  resistor. 


Vo/CTtettr 


agram  Alternating-current  Control  Equipment 
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Fig.  28.     Controller  for  Main  Motors 


Controller  for  Lock  Motor 


Circuit  ar9ak9r^>J 


Fig.  29.      Direct -current  Control  Equipment 
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Limit  Switchi-s 

Tlu"  liiuil  swiU'lu's  arc  tlic  sumv  as  thosf 
usi'd  lor  altcriialiiii^-cuiMTiil  t-(|iii|mR'iils. 

Switchboard 

The  switchboard  is  niadc  up  of  one  or  more 
slate  panels  containinj^  llie  following  material: 
ammeter,  voltmeter,  double-pole  single-throw 
main  line  switch,  singlc-jjole  circuit  breaker 
with  low  voltage  and  o\'erload  attachments, 
three  single-pole  magnetic  switches,  one  for 
the  leaf  motors  and  the  others  for  the  lock 
motor,  about  four  ciouble-pole  single-throw 
switches    with    enclosed    fuses    for    lighting 


ihouj^li  till-  bridge  does  over  travel.  An 
indicator  is  used  to  show  by  means  of 
lamps  the  closed,  nearly  closed,  nearly  open, 
and  ojjen  ])ositions  of  the  sjjan.  This  switch 
is  so  arranged  that  it  makes  no  difTer- 
ence  whether  the  sjjan  travels  through  ■idU 
deg.  or  !)()  deg.  and  then  back  to  the  closed 
jjosition. 

Large  bridges  using  two  or  four  motors  of 
100  h.]).  each  or  more  use  magnetic  control, 
and  the  motors  are  usually  connected  per- 
manently in  parallel.  On  large  equi]>menls 
it  is  advisable  to  use  dynamic  braking  to 
slow  down  at  each  end  of  travel,  and  there 


p-AWV— ^ 

Sfiunt  Wound  Sro/fes 

Fig.  30.     Schematic  Diagram  of  Control  for  Two  Scries  Wound 

Direct  Current  Motors,  Giving  Power  and  Dynamic 

Bralcing  in  Both  Directions 


Shunt  wound  Br 

'  '-WWW 


nWW 


Fig.31.     Schematic  Diagram  of  Control  for  Two  Series  Wound 

Direct    Current     Motors,     Giving     Creeping     Speeds, 

Dynamic  Braking  and  Power  in  Both  Directions 


circuits,  and  six  single-pole  single-throw 
fused  switches  for  the  indicating  signal  lamps. 

Quite  frequently  emergency  switches 
mounted  in  a  sealed  glass  case  are  provided 
to  short-circuit  the  limit  switches,  or  limit 
switches  and  magnetic  switches.  In  ease  an 
emergency  arises  the  glass  case  must  be 
broken  and  the  switches  closed,  thus  doing 
away  with  all  interlocking  for  the  time  being. 
(Fig.  29.) 

Electrical  equipment  for  the  other  types  of 
bridges  mentioned  is  practically  the  same  as 
that  described  above,  except  that  if  the 
main  motors  are  stationary  standard  oil  ring 
lubrication  and  gra\-ity-set  brakes  are  used. 

For  swing  span  bridges  it  is  not  necessary 
to  use  a  limit  switch  to  shut  ofT  power  at  each 
end  of  travel,  as  no  damage  can  be  done  even 


are  two  standard  methods  of  doing  this. 
(Fig.  30.) 

This  scheme  gi\"es  full  power  and  dynamic 
braking  in  each  direction,  and  it  is  necessary 
to  use  the  balancing  resistors  shown  so  that 
the  motors  will  di\-ide  the  load  evenly.  As 
the  series  fields  are  separately  excited  to 
insure  that  the  motors  will  build  up  during 
dynamic  braking,  a  small  amount  of  power 
is  wasted.     (Fig.  31.) 

Creeping  or  low  speed  is  effected  by 
shunting  the  armatures,  and  if  the  load  over- 
hauls the  motors,  dynamic  braking  will 
obtain.  After  the  shunting  resistors  are 
opened  up,  full  power  obtains.  More  power 
is  wasted  during  dynamic  braking  with  these 
connections  than  with  the  connections  shown 
in  Fig.  30. 
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The  Operation  of  Oil  Wells  by  Electric  Power  and 
the  Resulting  Gain  to  the  Oil  Producer 

By  W.  G.  Taylor 
Power  and  Mining  Engineering  Department,  General  Electric  Company 

Since  the  use  of  electric  power  for  oil  well  work  was  reviewed  in  this  magazine  several  years  ago  there 
has  been  a  large  growth  in  this  application,  and  this  has  naturally  resulted  in  many  refinements  as  well  as 
some  important  improvements.  Very  interesting  figures  which  have  been  obtained  on  the  effect  of  motor  drive 
on  oil  production  are  here  presented  in  connection  with  a  complete  discussion  of  the  numerous  phases  of  the 
work.  The  author  has  taken  pains  to  explain  the  electrical  features  in  a  clear  and  simple  manner  for  the  benefit 
of  oil  men  not  fully  familiar  with  motor  drive. — Editor. 


Before  discarding  the  time-worn  method 
of  engine  drive  in  the  oil  fields,  the  oil  producer 
must  be  convinced  of  two  things:  first,  that 
his  company  will  profit  by  making  the  change ; 
and  second,  that  his  field  men  who  use  the 
equipment  can  continue  to  satisfactorily 
perform  all  of  the  various  operations  necessary 
in  oil  field  work  in  accordance  with  the  usual 
practice.  With  electric  power  now  in  use  on 
so  many  wells  in  various  fields,  it  requires  but 
little  investigation  to  find  that  oil  well  motors 
for  individual  well  pumping  produce  more  oil, 
do  so  at  less  cost,  and  furthermore,  make 
considerable  general  improvement  in  opera- 
tion. 

INCREASED   PRODUCTION 
Fuel  Saving 

The  oil  fuel  consumption  for  steam-engine 
pumping  is  from  3  to  15  barrels  per  well  per 
day,  depending  upon  the  depth  of  well,  the 
pumping  speed,  and  other  local  conditions. 
For  instance,  in  Texas  the  average  is  about' 
10  to  12  barrels.  When  such  wells  are  electri- 
fied, all  of  this  oil  fuel  can  be  added  to  net 
production,  and  this,. it  will  be  appreciated, 
is  no  small  gain.  Even  if  oil  fuel  is  used  to 
produce  electric  power,  a  modern  turbo- 
generating  station  will  require  only  half  a 
barrel  or  less  per  well  per  day. 

When  gas  engines  are  replaced  by  motors, 
of  course  no  oil  fuel  is  saved,  but  more  gas  is 
available  for  the  market,  and  there  is  much 
less  production  lost  from  shut-downs. 

Decrease  of  Shut-downs 

It  is  only  recently  that  oil  men  have  begun 
to  realize  the  amount  of  time  lost,  and 
consequently  of  production,  due  to  avoidable 
shut-downs  in  pumping  operations.  Engine 
and  boiler  trouble,  reversing  cltitch  troubles, 
gas  shortage,  water  shortage,  freezing  in  cold 
weather,  rod  breakage,  and  valve  and  cup 
troubles    caused    by    vibration    and    jerking 


motion  are  all  greatly  reduced  and  some  are 
entirely  eliminated  by  the  use  of  electric 
drive.  An  excellent  example  of  this  fact  is 
furnished  by  the  records,  given  in  Table  1,  of 
shut-downs  for  all  causes  during  normal 
operation  of  two  groups  of  wells  in  adjoining 
Kansas  oil  fields.  The  reduction  in  lost 
pumping  time  obtained  by  the  use  of  motor 
drive  in  this  case  indicates  a  resulting  increase 
in  production  of  about  15  per  cent. 

The  most  convincing  figures  are  those 
which  an  oil  producer  can  obtain  from  his  own 
property.  The  time  reported  daily  for  shut- 
downs should  be  classified  under: 

(1)  Engine,  clutch  and  boiler  troubles. 

(2)  Gas  or  water  shortage,  or  freezing  in 

cold  weather. 

(3)  Rod  breakage,  including  time  required 

to  pull  and  replace  rods  or  tubing  on 
this  account. 

(4)  Cup  and  valve  troubles,  including  time 

required  to  pull  and  replace  rods  or 
tubing  on  this  account. 

(5)  All  other  causes. 


Comparison    of   Pumping    Time    Lost    from    Shut- 
downs   with    Gas    Engine    and    Electric    Drive 
Under  Similar  Normal  Operating  Conditions 
in  Kansas,  Pumping  on  the  Beam 


GAS-ENGINE 

ELECTRIC 

DRIVE 

DRIVE 

AUGUSTA 

EL  DORADO 

FIELD 

FIELD 

Nov.. 

Feb.. 

Oct.. 

Nov., 

1917 

1918 

1918 

1918 

208 

216 

26 

27 

Per    cent    of    available 

pumping    time    lost, 

all  causes 

23.3 

28.2 

io.: 

9.8 

Per    cent    of    available 

pumping    time    lost. 

engine      or      electric 

troubles  only 

•4.8 

8.15 

,  1.98 

0.63 

■III".  ()1'i:r.\ii()\  ()|-  oil  uiclls  hv  i:ij:('i"R!c  I'owick 
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Care  must  be  taken  that  the  time  recorded 
for  shut-downs  re])resents  the  actual  amount 
of  available  pum])in)^  time  lost,  ])articularly 
on  head-wells,  which  are  iiumi)ed  less  than 
24  hours  a  day,  and  which  are  often  rcjjorted 
as  being  shut  down  21  hours  when  the  i)Utni)- 
in}^  time  really  lost  is  i)erha])s  a  much  siiorler 
time.  On  a  24-hour  well  every  hour  it  is 
shut  down  represents  a  loss. 

After  the  shut-downs  are  thus  classified  for 
a  period  of  a  month  or  two,  or  long  enough  to 
establish  a  record  of  average  conditions,  an 
analysis  with  reference  to  electric  dri\'e 
should  be  made  on  the  following  basis : 

(1)  Electric  troubles  will  not  cause  over 

2  per  cent  loss  in  time  due  to  shut- 
downs. 

(2)  There  will  be  no  gas,  water  or  freezing 

troubles  with  electric  drive. 

(3)  The  time  lost  from  rod  breakage  will 

in  most  cases  be  cut  in  half  if  motors 
are  installed. 

(4)  Although  definite  figures  are  at  present 

not  available,  it  may  safely  be 
assumed  that  valve  and  cup  troubles 
will  be  reduced  several  per  cent  with 
motor  drive. 

(5)  The   other  causes  of  shut-downs  will 

probably  not  be  materially  affected 
as  a  whole,  though  some  troubles  will 
occasionally  occur  which  would  be 
directly  or  indirectly  remedied  to  a 
considerable  extent  by  electric  oper- 
ation. 

An  analysis  of  this  nature  has  convinced 
Tnore  than  one  oil  company  that  it  could  not 
afford  to  continue  operating  with  engines. 

That  rod  breakage  is  to  a  considerable 
•extent  due  to  engine  drive  has  not  always 
been  appreciated.  The  oil  well  motor  during 
pumping  does  not  pick  up  the  rods  with  a 
jerk  as  is  the  case  with  steam  and  gas  engines, 
the  speed  of  the  bandwheel  being  practically 
■constant  for  the  entire  revolution.  The  rods 
are  therefore  less  liable  to  crystallize  with 
resulting  breakage  causing  shut-downs.  This 
•condition  with  engines  may  be  somewhat 
improved  by  use  of  a  counterbalance  on  the 
walking-beam,  though  it  does  not  make  full 
•compensation  because  of  the  greater  change 
in  speed  with  engine  drive  as  the  result  of 
even  a  small  change  in  load. 

With  reference  to  rod  breakage,  the  field 
superintendent  of  a  large  company  in  Cali- 
fornia which  operates  about  250  wells,  of 
which  100  were  then  electrified,  stated  that 
.after  motors  were  installed  this  trouble  was 


not  (iO  ])er  cent  of  the  amount  experienced 
with  steam  engines.  Another  comjjany,  usin(; 
gas  engines  in  the  El  Dorado  field  in  Kansas, 
found  that  the  very  large  amount  of  rod 
trouble  which  had  been  experienced  on  about 
31)  wells  almost  wholly  disappeared  after 
electrification. 

Time  Saving 

In  addition  to  a  reduction  of  the  number  of 
shut-downs,  electric  drive  shortens  or  elimi- 
nates many  delays,  such  as  those  caused  by 
steam  lines  full  of  water  after  an  idle  half  hour, 
or  by  the  usual  necessity  of  getting  up  steam 
after  longer  periods  of  idleness,  or  by  the 
engine  sticking  on  center  and  obliging  the 
operator  to  make  a  trip  back  to  "kick  it  off," 
or  by  the  difficulties  frequently  encountered 
in  starting  gas  engines. 

In  "pulling"  a  well,  a  motor  will  pull  the 
first  "stand"  of  tubing  as  fast  as  the  last  one, 
practically  regardless  of  the  load  to  be  lifted, 
while  with  engines  the  speed  is  considerably 
reduced  on  the  heavier  work. 

The  well-cleaning  gang  soon  finds  that 
quicker  work  can  be  done  with  motors  in 
"spotting"  rods  and  tubing  when  screwing 
them  up,  and  that  practically  no  delay  is 
caused  by  over-travel  when  hoisting  or  lower- 
ing rods  and  tubing.  This  is  all  due  to  the 
fact  that  more  accurate  control  is  obtained 
than  with  any  form  of  engine  drive.  As  a 
result,  the  well  is  often  put  back  in  production 
sooner  than  with  other  forms  of  drive. 

Production  is  frequentl}-  lost  at  the  flush 
period  during  the  time  taken  to  set  a  pumping 
engine  after  drilling  has  been  completed.  No 
necessity  for  this  delay  exists  with  electric 
drive,  for  all  of  the  pumping  equipment  can 
be  installed  before  the  drilling  engine  is 
removed,  or  the  well  can  be  pumped  by  a 
small  motor  temporarily  lined  up  on  the 
derrick  floor  while  the  permanent  equipment 
is  being  placed  and  wired.  Ordinarily  less 
than  an  hour  is  necessar}'  for  the  change 
when  the  proper  arrangements  are  made. 

Uniform  Pumping  Speed 

By  a  drop  in  steam  pressure  and  quality,  or 
in  gas  pressure,  many  a  barrel  of  oil  has  been 
lost  to  the  producer  who  uses  engines  for 
pumping.  It  is  well  known  that  a  change  of 
one  or  two  strokes  per  minute  from  the  proper 
pumping  speed  frequently  results  in  a  verj^ 
large  variation  in  the  daily  production. 
That  motors  are  far  superior  in  this  respect 
in  maintaining  production  is  best  illustrated 
bv  three  cases  which  will  be  cited. 
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Several  wells  have  been  equipped  with 
two-speed  oil  well  motors  by  the  Birch  Oil 
Company  at  Brea,  California,  and  every  well 
shows  an  increase  in  daily  production  over 
that  previously  obtained  with  steam-engine 
drive.  This  increase,  which  is  undoubtedly 
due  to  the  i^arious  causes  discussed  in  the 
foregoing  paragraphs,  varies  from  5  to  41 
per  cent.  Records  kept  on  one  of  these  wells 
clearly  indicate  the  effect  of  the  more  uniform 
pumping  motion  which  is  now  obtained.  The 
production  over  a  period  of  90  days  after  the 
installation  of  the  motor  was  10  per  cent  more 
than  for  the  previous  90-day  period.  The 
maximum  production  of  380  barrels  per  day 
with  engine  drive  was  increased  to  424 
barrels  per  day  with  motor  drive.  One  day 
this  well  was  again  operated  by  steam  so  that 
a  transformer  could  be  changed,  and  the 
production  for  that  day  dropped  45  barrels. 

TABLE  II 

Comparative   Production   with    Steam    Engine    and 
Electric  Drive  Under  Identical  Operating  Con- 
ditions   on    the    Same    Well,    Pumping    by 
Engine  at  Night  and  by  Motor  in  Day- 
time.   Burma  Oil  Company,  Singu 
Field,    Upper    Burma,    India 


AUG..  1916 

SEPT.,  1916 

Bbl. 

Per 
Cent 

Bbl. 

Per 
Cent 

Oil  pumped  by  mo,tor .  .  . 
Oil  pumped  by  engine  .  . 

1311 

1777 

Hrs. 

42.5 
57.5 

Per 
Cent 

1310 
1587 

Hrs. 

45.4 
54.6 

Per 
Cent 

Total  time  motor  oper- 
ation   

Total  time  engine  oper- 
ation   

271 
473 

36.5 
63.5 

270 
4.50 

37.5  ■ 
62.5 

Barrels  per  hour,  motor  . 

Barrels  per  hour,  engine . 

Increase  in  production 

due  to  motor  drive.  .  . 

4.84 
3.7  ry 

28.5 

4.82 
3.. 52 

36.0 

TABLE  III 

Increase  of  Production  Obtained  with  Electric  Drive 

by   an   Oil   Company   in   the   Spindletop   Field, 

Texas,  Pumping  from  a  "Power" 


Total 
Bbl. 

Bbl.  per 
Day 

Bbl.  per 

Well 
per  Day 

Eight     wells     on      steam, 
January  and   February, 
1918 

9346 
10791 

158.4 

176.9 
18.5 

19.8 
22  1 

Same  eight  wells,   electric 
power,        March        and 
.A.pril,   1918 

Increase  (11.6  per  cent)  .  .  . 

2.3 

The  Burma  Oil  Company  in  1916  operated 
a  well  in  the  Singu  field,  in  Upper  Burma, 
India,  by  a  two-speed  oil  well  motor  in  the 
daytime  and  by  steam-engine  at  night.  The 
engine  was  used  as  a  countershaft  when  the 
motor  was  running.  Both  the  motor  and  the 
engine  ran  under  normal  operating  conditions. 
Table  2  gives  the  results,  which  offer  un- 
questionable evidence  of  the  superiority  of 
electric  operation. 

In  the  Spindletop  field  in  Texas,  an  oil 
company  electrified  a  steam-engine-driven 
"power,"  pumping  eight  wells,  and  increased 
their  production  as  shown  in  Table  3.  This 
increase  was  due  partly  to  the  shortening  of 
time  lost  from  shut-downs  and  delays  and 
partly  because  of  the  more  uniform  pumping 
speed.  If  to  this  were  added  the  amount  of 
oil  saved  which  had  been  consumed  as  fuel, 
the  total  increase  in  production  would  be  in 
the  neighborhood  of  40  per  cent. 

Several  California  men  who  have  had 
considerable  experience  with  oil  well  motors 
over  a  number  of  years  are  of  the  opinion 
that  the  more  uniform  pumping  speed  has  a 
material  effect  in  establishing  better  oil 
channels  underground  leading  to  the  wells,  and 
in  keeping  them  more  nearly  free  from  sand 
and  caving.  This  can  reasonably  be  believed, 
and  indicates  the  probability  of  a  longer  and 
more  productive  life  of  the  wells,  as  well  as 
less  frequent  necessity  of  cleaning  them  out. 

LOWER  OPERATING  EXPENSES 

Enormous "  waste  and  losses  have  long 
been  as  much  a  feature  of  oil  production  as 
large  fortunes  suddenly  accumulated.  They 
still  remain  so  in  many  places,  but  to  the 
average  man  of  the  fields  they  are  much 
less  evident,  though  far  more  general.  It  is 
really  not  so  surprising  that  operating 
expenses  are  usually  susceptible  of  extensive 
reduction,  and  that  the  use  of  oil  well  motors 
offers  the  means  of  obtaining  remarkable 
results  in  this  respect.  This  fact  is  well 
demonstrated  by  a  few  examples  selected 
from  numerous  available  records  for  pumping 
on  the  beam,  which  are  given  in  Tables 
4,  5,  6  and  7.  It  must  be  remembered  that  the 
greatly  diversified  conditions  encountered  in 
the  oil  fields  cause  a  wide  variation  in  the 
costs  of  operation,  though  these  check  closely 
for  similar  conditions.  The  depth  of  well,  the 
production,  the  size  of  pump,  the  pumping 
speed,  the  distance  between  wells,  the 
number  of  wells  operated,  the  gravity  of  the 
oil  and  the  amount  of  water  pumped  with  it 
all  have  their  influence.    Some  other  results, 
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taking;  iuld  cinisKU'i-atidii  cinl\'  those  items 
alTeclt'il  l)\'  llu'  rlianj^c  ti)  I'lciiric  drix'c,  such 
as  fuel,  water,  labor,  niainlenance,  and  eleclric 
].)ower,  are  j;;iven  below. 

The  British  Consolidated  Oil  C\)r])oration, 
Ltd.  (now  the  Indian  &  Colonial  Develo])- 
ment  (^o.)  made  a  sa\-in.i:;  in  excess  of  22  ])vr 
cent  on  I L'  wells  in  the  California  Midway 
f^eld. 

TABLE  IV 

Comparative     Costs     of    Gas-engine     and     Electric 

Operation  of  Wells  Pumping  on  the  Beam  by 

a  Large  Oil  Company  in  California 


Labor,  including  pumpers,  en- 
gine repair  men  and  elec- 
tricians   

Fuel  or  electric  power 

Repairs 

Lubricating  oil,  waste,  packing 
and  miscellaneous 

Interest  (7  per  cent)  and  depre- 
ciation    (10     per     cent     on    \ 
engines,     4     per     cent 
motors) 

Production     lost     from     shut- 
downs on  5()-barrel  well,  at   | 
40  cents  per  barrel 0..58(i 


PER  WELL  PER  DAY 


Gas 
Engine 


80.89:J 
0.000 
0.07li 

0.1  SO 


II. .50!) 


:i89 
800 
024 


1.203 
1.014 


ToT.\LS .S2.2.50        .'51.728 


Saving  by  electricity  over  gas,  per  well,  per 

day .«0..52 

Average  saving  per  well  per  year $189.80 

Note. — These    records    were    obtained    prior    to 

1917,  since  when  there  have  been  large  increases  in 

the  cost  of  several  of  the  items. 


TABLE  V 

Comparative  Costs  of  Steam  and  Electric  Operation 

of   68    Beam    Wells    by    an    Oil    Company    in 

California.      Depth  800  to  1050  Feet. 

"^  Gravity  of  Oil  14.5  Deg.  B. 

Total 
Steam:  per  Month 

Oil  fuel  at  $1.23  per  barrel .'517,650.50 

Labor 2,527.00 

Total $20,177.50 

Electric: 

Power .$2,425.00 

Labor 1,435.00 

Interest,  6  per  cent  on  cost  of  electrical 
installation 602.00 

Total .$4,462.00 

Saving    by    electricity    over    steam,    per 

month $15,715..")0 

Average  saving  per  well  per  year $2,773.32 


TABLE   VI 

OpcrntinR    Costs   of    15    Stcam-enRinc  driven    Wells 

and    14     Motor-driven    Wells    Pumping    on    the 

Beam   DurinK  the   Same   Period   on   the   Same 

Property    in     California.        Average    Depth, 

1100  Feet.     Gravity  of  Oil  15  Deg.  B. 

,,.  ,,  Total 

/.)  Steam   W  ells:  ptt  Munth 

<  )il  fuel  at  $1.23  per  barrel $1,881.90 

Labor,  6  (iremen  at  $4  per  8  hours 720.00 

Oil  fuel  at  $1.23  per  barrel,  used  to  pump 

boiler  feed  water 1  .'>f).06 

Boiler  repairs 90.00 

ToTAl $2,841.90 

Cost  per  well  jjer  year $2,273.50 

14  Electric  Wells: 

Power $379.00 

Repairs 40.00 

Total $419.00 

Cost  per  well  per  year $359.14 

Saving  by  electricity  over  steam,  average 

per  well  per  year $1,914.42 

Note. — The  same  pumpers  and  roustabouts 
handled  both  groups  of  wells.  One  boiler  cleaner  was 
employed  for  the  steam  wells  and  one  electrician 
for  the  electric  wells.  Repairs  are  the  average  for 
5  years  operation. 

TABLE  VII 

Comparative  Costs  of  Pumping  Eight  Beam  Wells 

by   Steam   and   by    Electricity   in    the    Midway 

Field,  California.      Depth  1000  to  2800  Feet 


Steam 

Sept., 
1912 

Oct., 

1912 

• 

Oil  fuel  at  50  cents  per  barrel  .  . 

Labor 

Water 

.$469.00 
448.00 
449.99 

30.00 

$305.. 50 
448.00 
457.83 

Boiler    compound,    lubricating 
oil  and  grease 

30.00 

Totals 

$1396.99 

$1241. .33 

Average  cost  per  well  per  year $197 


Electric 

Jan..               Feb.. 
1913                1913 

Power 

Labor 

Water 

$340.00 

435.00 

71.00 

17.50 

$329.90 

383.50 

53.90 

17.50 

Totals . . 

.$863.50 

$784.80 

-Average  cost  per  well,  per  year $1236.22 

Saving  by  electricity  over  steam,  average 

per  well  per  year . $742.52 

Note. — Since  these  records  were  obtained  there 

have  been  large  increases  in  the  cost  of  several  of 

the  items. 
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In  the  Coalinga  field  in  California,  one  oil 
company  installed  motors  on  a  group  of  wells 
and  discarded  twelve  boilers,  thereby  making 
a  saving  of  63  per  cent  in  operating  expenses. 


/ 


Fig.  1.     30/15-h.p.  Two-speed  Oil  Well  Motor  for  Purr 
and  Pulling  Operations 

The  Salvia  Oil  Company  (formerly  the 
Wabash  Oil  Co.)  in  the  Coalinga  field  could 
not  produce  enough  oil,  above  that  used  for 
fuel,  to  pay  operating  expenses,  and  was 
thereby  forced  to  suspend 
operations  until  two  enter- 
prising operators,  recogniz- 
ing the  possibilities  of 
electric  drive,  took  over  the 
property,  installed  motors 
on  all  the  wells,  and  are 
now  actually  paying  div- 
idends. 

Another  company  saved 
24  per  cent  on  12  wells,  and 
another  40  per  cent  on  107 
wells. 


As  oil  wells  usually  require 
from  60  to  120  kw-hr.  per 
day  for  all  operations  as- 
sociated with  pumping  on 
the  beam,  reaching  in 
exceptional  cases  about  200 
kw-hr.  maximum,  it  is  clear 
that  electric  power  at  prevailing  rates  is 
much  cheaper  than  oil  fuel  for  steam 
operation.  It  may  also  be  less  than 
gas  fuel  where  the  latter  has  any  market 
value. 


Further  important  points  with  respect  to 
fuel  consumption  are  that  with  electricity 
there  is  no  power  consximption  when  idle,  no 
fuel  required  to  get  up  steam  and  no  losses 
from  leaky  engine  valves  and  piping. 
Losses  from  the  last  cause  are  well 
known  to  be  considerable  in  the  oil 
fields.  Their  worst  feature  is  that 
they  increase  from  year  to  year. 
Oil  men  not  familiar  with  electric 
power  will  be  interested  to  know 
that  corresponding  electrical  trans- 
mission losses  are  not  only  very  low 
l)ut  remain  at  a  fixed  percentage 
throughout  the  life  of  the  equip- 
ment. 

Labor 

Down  in  Louisiana  in  the  Jennings 
field  there  is  a  lease  with.  23  steam- 
engine-driven  wells  on  which  six  fire- 
men and  four  pumpers  are  required. 
Adjoining  is  another  lease  with  13 
wells  electrically  operated.  Power  is 
generated  on  the  lease.  Two  men  at 
the  power  plant  and  one  man  at  the 
wells    keep    things    going    and   have 

an  easy  time    of   it.       The  condition   is   by 

no  means  exceptional. 

The    writer    asked    a    pumper    in    the    El 

Dorado  field  in  Kansas  how  he  liked  motors. 


Fig.  2.     A  Complete  30/15-h.p.  Two-speed  Oil  Well  Motor  Equipment  Installed  by  i 

Large  Oil  Company  in  Coalinga  Field  in  California.     Photograph  Made  Before 

Completion  of  Housing 


They  had  been  on  his  wells  about  a  month. 
Fine, ' '  he  said ;  "  I  don't  have  anything  to  do. 
At  first  I  was  sore  because  the  farm  boss  gave 
me  a  lot  more  wells  to  look  after,  but  now 
they  run  themselves."    Investigation  proved 


Tin;  (  »i'i:r.\  ri(t\  oi-  on.  \vi:m,s  n\  i-;li:ctkic  powicr 


;j.s!) 


tlir  truth  III'  wliat  he  said.    The  man  haei  been 

bus\    all  the  time  with  j;as  en>;ines,  thcmf,'h 

with  a  smaller  number  of  wells  under  his  eare. 

In  j^eneral,  one  ]>umper  ean  look  after  about 

S  to  12  j;as  enj^ines,  10  to  15  steam  enj^ines,  or 

15  to  20  motors,  depending  upon  the  distance 

he  has  to  walk  to  reach  them. 

One  electrician  can  maintain 

the  equipment  where  several 

gas-engine  and   boiler  rejjair 

men  would  be  necessary,  and 

fewer  firemen  or  none  at  all 

are    required,    according:    to 

the  extent    of  electrification. 

This    saving    in    labor    has 

become  very  important  since 

wages    have    increased,    and 

in  a  ntimber  of  instances  has 

been  the  deciding  factor  for 

making  the  change  to  electric 

drive. 


Only  about  20  to  25  jier  cent  of  the  invest- 
ment necessary  f(jr  a  stock  of  rejjair  parts  for 
gcis  engines  is  required  for  motors,  both 
because  of  the  much  lower  rate  of  deprecia- 
tion and  of  the  fact  that  there  are  fewer  parts 
to  wear  out. 


Fig.  3. 

Even  then  the 
This  expense 


Water 

The  cost  of  either  boiler 
feed  water  or  engine  jacket 
water  runs  high  in  many 
fields  because  of  its  scarcity, 
quality  is  bad  for  the  boilers, 
becomes  a  thing  of  the  past  after  motors  are 
put  in,  the  saving  alone  in  many  cases  being 
more  than  the  cost  of  electric 
power. 

Repairs  and  Lubrication 

There  are  more  than  20(10 
electrically  operated  oil  wells 
which  have  been  operating 
for  periods  of  from  1  to  12 
years  at  which  the  average 
repair  expense  on  the  electric 
equipment  has  not  been  1 
per  cent  of  the  first  cost. 
In  comparison,  there  are 
several  hundred  gas-engine 
wells  which  have  operated 
not  more  than  4  or  5  years,  at 
which  the  engine  maintenance 
exceeds  11  per  cent.  For 
steam  engines  and  boiler 
plants,  5  per  cent  is  considered 
a  low  figure.  The  saving  in 
expense  for  boiler  tubes  and 
compound,  both  high  because 
of  bad  water,  and  the  reduction  in  the 
amount  of  oil  necessary  for  lubrication,  con- 
tribute largely  to  the  advantage  of  electric 
operation. 


.*^£iamm^:4I^JSI^iS^^ 


■  of  the  Same  Installation  Sho 


1  Fig.  2 


OTHER  ADVANTAGES 
In  several  more  respects  motors  are  a  big 
improvement  for  oil  well  work,  the  following 
being  worthy  of  mention : 


A  30/lS-h.p.,  Two-speed  Oil  Well  Motor  Showing  General  Arrangement 
Used  by  the  Associated  Oil  Co.,  in  the  California  Fields 


Safety 

Greater  safety  of  operation  is  obtained,  as 
the  motor  cannot  run  away  when  the  rods 

part. 
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Explosions  are  eliminated  and  the  fire  risk 
greatly  reduced,  thus  lowering  insurance  rates. 

Accidents  are  fewer.  One  company  in  the 
Mid-Continent  fields  found  from  an  analysis 
of  accidents  to  its  employees  that  one  third 
resulted  from  the  necessity  of  "treading"  the 


Fig.  5.      An  Installation  by  the  Carter  Oil  Co.,  in  the  El  Dorad..  Field, 
of  a  Complete  30   15-h.p.,  Two-speed  Oil  Well  Motor  Equipmen 


flywheels  of  gas  engines  to  start  them.    These 
could  not  have  happened  with  electric  drive. 

Reliability  and  Convenience 

As  the  speed  of  an  oil  well  motor  is  practi- 
cally independent  of  voltage  fluctuations,  the 
motor  can  always  be  depended  upon  to  give 
the  same  speed  on  the  same  controller  point 
for  similar  load  conditions. 

A  much  better  motion  of  cleaning-out  tools 
is  produced  by  a  motor  than  by  a  gas  engine. 
In  this  respect  it  is  like  a  steam  engine. 

Electric  control  is  very  simple,  having  no 
reverse  lever  or  clutch  pulley.  Power  is 
always  ready  at  a  turn  of  the  controller, 
which  is  handled  from  the  headache-post  in 
the  same  manner  as  an  engine  throttle. 

The  power  consumption  of  a  motor  can  be 
quickly  and  accurately  measured,  and  thus 
indicates  both  the  condition  of  the  well  and 
the  most  advantageous  operating  conditions 
from  the  standpoint  of  cost. 

Motor  equipments  are  cleaner  and  quieter 


than  engines.  The  belts  and  motor  house  can 
consequently  be  kept  cleaner  and  there  will 
thus  be  less  rapid  deterioration  of  the  rig. 

OIL  WELL  MOTOR  EQUIPMENTS 

The  success  of  electric  oil  well  operation 
has  in  no  small  measure  been  due 
to  the  simplicit}^  of  the.  induction 
motor  and  its  ability  to  withstand 
hard  usage  and  to  run  contin- 
uously in  exposed  locations  and 
under  severe  conditions.  To  these 
considerations  must  be  added  the 
fact  that  the  motors  are  built  with 
the  mechanical  strength  and  overload 
capacity  necessary  to  withstand  oil 
field  service. 

Different  tj^pes  of  equipments  are 
used  for  drilling  and  for  pumping. 
Drilling  requires  motors  of  larger 
capacit}'  than  are  necessary  on  pro- 
ducing wells,  and  the  method  of 
control  is  somewhat  different.  It  is, 
therefore,  advisable  in  all  cases  to 
use  separate  equipments  exclusively 
for  drilling,  and,  as  each  well  is 
completed,  move  the  motor  and 
control  apparatus  to  the  next  new 
rig  and  put  in  a  pumping  motor  as 
a  permanent  installation.  The  pump- 
ing equipments  are  therefore  re- 
quired in  much  larger  numbers  and 
are  of  first  interest  to  the  producer 
because  of  their  direct  effect  on  pro- 
duction and  costs. 

MOTORS  FOR  PUMPING,  PULLING 
AND   CLEANING   THE   WELL 
Motors  for  Beam-wells 

Oil  men  generally  prefer  all  of  the  oper- 
ations in  connection  with  pumping,  pulling 
and  cleaning  a  "beam"  well  to  be  performed 
by  one  motor,  as  with  engine  drive.  This  is 
done  by  the  two-speed  oil  well  motor,  with 
both  speeds  variable  (Fig.  1),  for  which  the 
method  of  control  has  been  specially  designed 
to  satisfy  the  oil  operator  in  ever}^  way. 
That  it  does  so,  and  that  many  of  the  advan- 
tages of  this  type  of  equipment  cannot  be 
satisfactorily  obtained  by  other  means,  have 
been  conclusively  demonstrated  during  several 
years'  experience  in  the  fields.  The  motor  is 
built  in  three  sizes  to  take  care  of  all  condi- 
tions of  wells.  Figs.  2  to  7  inclusive  illustrate 
modern  installations  in  both  California  and 
the  Mid-Continent  fields,  and  Fig.  8  shows 
more  clearly  a  convenient  method  of  mounting 
the  apparatus  on  skids. 


Ill-:  oi'i'.kA  ridx  (II-  mi.  \vi-;ij.s  in'  i-:iJ-:("rKic  I'owi-.k 
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The  Two-speed  Feature 

TIk'  nidlor  li;is  ;i  wound  ruUir  Inr  \-;iri;il)U' 
speed,  the  latter  heiii);  obtained  liy  means  ol 
a  controller  and  secondary  resistor  in  the 
same  \va\-as\vitli  tlie  standard  tyi)e  of  \-aryin}^- 
speed  induction  motor  used  in  other 
industrial  work.  The  oil  well  motor 
differs  from  the  standard  motor, 
however,  in  having  two  synchronous 
speeds,  one  of  these  hcinj;;  a  low 
speed  suitable  for  pumjjinj^  a  well. 
and  the  other  a  high  s])eed,  double 
the  low  speed,  for  pulling,  bailing, 
"shaking  up"  and  similar  work.  t)n 
the  high  speed  the  motor  gives  the 
right  motion  to  swing  a  light  set  of 
drilling  tools  for  cleaning-out  pur- 
poses. The  change  from  the  ])um])- 
ing  to  the  pulling  speed  and  vice 
versa  is  made  by  a  switch  mounted 
on  the  motor  frame.  Both  s])eeds 
are  variable  and  reversible  by  the 
controller  and  resistor.  The  control- 
ler is  always  mounted  near  the 
motor,  as  -will  be  seen,  for  instance, 
in  Figs.  2  and  3,  and  is  operated 
from  the  headache-post  by  means  of 
a  "telegraph  cord"  in  the  same 
manner  as  an  engine  throttle.     As  has 


already  been  mentioned,  no  reverse  lever  is 
used,  hence  less  elTr)rt  is  exijcnded  by  the 
ojjerator  in  controlling  the  motive  ]nrwcr,  and 
hi-  can  give  better  attention  t(j  the  work  at  the 


" 
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w 
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Fig.  7.     Oil  Well  Motor  and  Control  Apparatus  on  a  Lease 

of  the  Gladys  Belle  Oil  Co.  Near  Tulsa,  Oklahoma. 

This  is  a  30   15-h.p..iTwo-speed  Equipment 


).     One  of  the  30  15-h.p.,  Two-speed  Oil  Well  Motor  Equipments  of 
the  Empire  Gas  and  Fuel  Co.,  in  the  El  Dorado  Field,  Kansas 

Deficiency  of  Y-delta  Motor 

In  the  early  days  of  oil  well  operation  by 
motors  it  was  recognized  that  because  of  the 
much  lower  horse  power  required  for  pumping 
than  for  pulling,  an  improvement  in  efficiency 
would  be  obtained  by  using  a  motor  with  two 
difTerent  horse  power  ratings.  Such  a  motor 
was  accordingly  produced,  and  it  became 
known  as  the  "Y-delta"  type  on  account  of 
the  method  of  change  in  motor  connections 
by  a  double-throw-  switch  to  obtain  the  two 
ratings.  This  motor,  however,  had  only  one 
variable  speed  at  both  horse  powers,  which  was 
a  great  disadvantage  in  the  fields.  For  good 
efficiency,  full  speed  operation  was  necessary. 
Naturally  this  -u-as  desired  for  pumping, 
hence  pulleys  w-ere  usually  selected  for  that 
condition.  Then  when  the  well  was  pulled, 
the  speed  of  the  band-wheel  was  entirely  too 
slow  for  practical  purposes,  as  it  delayed 
getting  the  wells  back  to  production,  with 
resulting  loss  to  the  producer.  Some  operators 
tried  running  the  motor  at  full  speed  for 
pulling,  getting  a  better  band-wheel  speed  by 
suitably  selected  pulleys,  and  then  slowing  it 
down  for  pumping,  by  means  of  the  controller. 
This  not  only  did  not  enable  them  to  get  all 
the  speed  they  wanted  for  pulling  or  shaking 
up  the  well  but,  worst  of  all,  it  imm_ediately 
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resulted  in  greatly  increased  power  bills,  thus 
showing  up  the  great  waste  of  power  when 
pumping  in  this  inefficient  manner. 

The  expedient  was  then  tried  of  pumping 
at  full  speed  with  the  Y-delta  motor  and 
lagging  up  the  bull-wheel  shaft  to  about  twice 
the  standard  size  to  obtain  high  pulling  speed. 


Fig.  8.      This  Method  of  Mounting  the  Entire  Electrical  Equ 
ment  on  Skids  is  Used  Extensively  for  Oil  Wells  in 
the  Mid-Continent  Fields 


Of  course  this  did  not  bring  up  the  bailing 
speed  on  the  sand-reel  or  enable  any  shaking- 
up  to  be  done,  and  the  scheme  was  abandoned 
because  for  relatively  deep  wells  the  strain 
thus  put  on  the  bull-rope  and  gudgeon  posts 
was  so  great  that  the  former  could  not  be 
kept  tight  enough  to  prevent  slipping,  and 
the  latter  in  several  instances  were  actually 
pulled  out. 

One  other  method  of  adapting  the  Y-delta 
motor  to  these  conditions,  which  was  at- 
tempted but  which  failed  to  solve  all  difficul- 
ties, was  that  of  changing  pulleys  for  pulling. 
It  was  such  an  irksome  job  that  the  pulling 
gang  could  not  be  relied  upon  to  continue  it, 
and  it  always  caused  loss  of  jjroduction  from 
delay.  This  method  was  not  successful  for 
shaking-up  the  well,  for  by  the  time  the 
motor  had  been  shut  down  long  enough  to 
change  the  pulley  the  well  had  usually  sanded 
up  and  required  an  entire  pulling  job,  with 
more  loss  in  production. 

As  the  Y-delta  motor  thus  failed  under  all 
expedients  to  perform  the  necessary  functions 
in  a  satisfactory  manner,  the  two-speed  oil 
well  motor  with  both  speeds  variable  has 
superseded  it,  and  fulfills  all  the  require- 
ments without  any  change  whatever  in  rig  or 
pulleys,  and  with  a  very  economical  expendi- 
ture of  power. 


Other  Features  of  Two-speed  Motor  Control 

The  equipment  is  provided  with  a  wall- 
mounted  oil  circuit  breaker  with  inverse  time 
limit  overload  trip  coils  and  under-voltage 
release.  If  desired  the  motor  may  be  protected 
on  the  pulling  as  well  as  on  the  pumping  duty, 
for  double-wound  overload  trip  coils  are  used. 
These  coils  are  so  interlocked  with  the  switch 
on  the  m.otor  that  automatically  the  proper 
coil  is  connected  into  the  circuit.  It  is  thus 
impossible  for  the  operator  to  make  an  error 
and  insert  the  wrong  overload  coil  for  either 
pumping  or  pulling  duty.  The  inverse  time 
limit  feature  gives  protection  in  proportion 
to  the  amount  of  overload,  automatically 
opening  the  circuit  breaker  sooner  in  case  of 
extremely  heavy  load  than  when  a  lighter  one 
is  encountered,  and  thus  giving  the  operator 
the  benefit  of  the  high  motor  capacity  as  long 
as  the  motor  can  safely  carry  it  without 
injurious  heating.  The  under-voltage  release 
mechanism  automatically  trips  open  the 
oil  circuit  breaker  in  case  of  failure  of  voltage. 

To  prevent  any  accident  occurring  because 
of  the  "telegraph  cord"  breaking,  the  equip- 
ment may  be  provided,  if  desired  by  the 
operator,  with  a  push-button  mounted  on  the 
headache-post.  This  will  open  the  under- 
voltage  release  circuit  and  thus  trip  open  the 
oil  circuit  breaker. 

In  the  manipulation  of  rods  and  tubing  the 
quickest  reversals  and  the  highest  torque  of 
the   motor — that   is,    its   greatest    ability   to 


Fig.  9.     Twenty-h.p.,  Portable  Motor  Equipment  for  Pulling 
Oil  Wells  at  the  Badger  Oil  Co.,  Hosston,  La. 

pull — are  obtained  on  the  intermediate  con- 
troller points.  It  is  possible  to  equip  the 
controller  with  a  "  current -limit "  device  that 
will  automatically  compel  the  operator  to 
stop  it  at  the  most  advantageous  point  until 
the  motor  has  gained  sonie  speed.     This  is 
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useful  in  teaciiinj,'  him  how  to  hiiiulk'  an  oil  well 
motor,  and  furtherinoii'  it  ri'duccs  the  averajje 
current  input,  while  re\'ersint,',  thus  lowering 
the  oi)eratinj;  temiierature  of  the  motor. 

Another  refinement  used  w^ilh  j;ood  results 
by  man\-  oil  eomjjanies  is  an  ammeter 
mounted  on  top  of  the  oil  eireuit  breaker  and 
arran).;ed  for  connection  in  circuit  on  pumjjin},' 
duty  but  not  for  pullinj;.  This  instnunent 
makes  it  possible  to  tell  whether  the  walkinj,'- 
beam  is  perfectly  counterbalanci'd  and  also 
gives  the  operator  an  indication  of  when  the 
well  begins  to  sand  up. 

Motor  Capacity 

The  size  of  machine  for  any  jiarticular  well 
depends  to  a  large  extent  ui)on  local  condi- 
tions and  methods  of  ojjcration,  rather  than 
upon  the  depth  of  the  well  alone,  and  for  this 
reason  these  things  are  necessarily  taken  into 
consideration  in  every  case.  For  instance, 
the  heating  of  the  motor  on  heavy  w-ork  does 
not  depend  so  much  ujjon  the  torque  required 
as  it  does  upon  the  frequency  of  reversing 
the  motor,  and  this  is  largely  governed  by 
the  operating  methods,  which  varv  in  difTerent 
fields. 

In  general,  experience  has  shown  that  a 
30-h.p.  motor  rated  15  h.p.  on  the  pumping 
speed  (Fig.  1)  is  the  size  suitable  for  the  great 
majority  of  wells.  Sometimes  where  the 
depth  is  under  2000  feet  or  the  duty  is  light  a 
25/10-h.p.  motor  will   do   the  work,  but  on 


I.  .r  Pulling  and  Clean- 
Field,  California 


any  lease  requiring  a  30,'1.5-h.p.  machine  it  is 
advisable  to  use  this  size  on  all  wells  for  the 
sake  of  standardization  and  to  keep  the 
repair  part  stock  to  a  minimum.  Very  deep 
w^ells  may  require  a  50  2()-h.p.  motor. 

The  power  input  for  pumping  will  vary 
from  day  to  day  and  even  from  hour  to  hour, 
and  ma\-  increase  considerablv  in  a  short  time 


when  the  well  is  sanding  u]).  For  this  rca.son 
the  motors  are  given  liberal  ratings  for 
1  lumping.  For  handling  rods  and  tuljing  the 
motor  may  be  recjuired  to  deliver  very  high 
])ower  ff)r  short  periods,  esjiecially  in  emer- 
gencies and  on  some  of  the  sjiecial  oi^erations, 
swabbing  for  examiile,  which  arc  occasionally 
necessary  to  maintain  the  well  as  a  good 
])roducer.  Although  such  loads  are  several 
times  greater  than  the  ])um]jing  load,  they 
are  easily  handled  b\-  these  motors  because 
of  their  enormf>us  overload  capacity  on  high 
speed,  this  being  from  '.i}/i  to  5  times  the 
rating  for  pulling,  or  7  to  10  times  the  rating 
for  pum]jing. 

Separate  Motors  for  Each  Duty 

A  few  operators  have  placed  a  motor  of 
small  capacity  at  each  well  for  pumping  only, 
and  use  a  portable  motor  (Fig.  9)  or  motor- 
driven  hoist  (Fig.  10)  for  pulling  and  bailing. 
This  can  be  done,  if  desired,  where  conditions 
do  not  require  very  frequent  pulling  of  the 
wells,  and  their  spacing  or  the  character  of 
the  country  make  pumping  by  jack  power 
impracticable.  In  such  cases  squirrel-cage  or 
varying-speed  motors  with  control  for  revers- 
ing are  used  for  pumping,  and  a  high  torque 
motor  with  variable  speed  is  necessary  for 
Iiulling. 

Usually,  however,  the  cost  of  the  portable 
hoist,  with  wagon  and  team  or  a  truck, 
together  with  the  expense  for  necessary  plug 
connections  for  each  well,  bring  the  invest- 
ment up  close  to  that  for  a  two-speed  oil  well 
motor  at  every  well. 

Mechanical  Arrangement  for  Beam  Wells 

The  use  of  a  motor  belted  to  a  countershaft, 
the  latter  belted  to  the  band-wheel,  has 
become  universally  standard  practice  for 
beam-wells,  and  all  modem  equipments  are 
thus  arranged.  In  the  case  of  wells  having  a 
steam  or  gas  engine  already  installed  but  of 
no  further  use.  the  engine  has  often  been 
used  as  a  countershaft,  disconnecting  the 
connecting-rod  and  putting  pulleys  on  the 
shaft.  A  cheap  and  substantial  pulley  has 
been  made  by  lagging  the  flywheel  with 
wooden  sections  bolted  to  it. 

The  use  of  back -geared  motors,  tried  several 
years  ago,  is  no  longer  considered  desirable  by 
oil  men,  and  the  arrangement  has  been 
discarded  in  present  practice. 

Counterbalancing  Beam-wells 

The  ease  of  measuring  the  pow'er  input  to 
an  electric  equiji'ment  by  a  meter  has  directed 
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attention  to  the  reduction  in  the  amount  of 
power  required  to  pump  a  well  obtained  by 
counterbalancino;  the  weieht  of  the  rods  on 


Fig.  11.      A  35-h.. 


-driven  Bandwheel  "Power"  for  Pumping  32  Wells  in  Kansas 


the  beam.  This  relieves  the  motor  of  the 
necessity  of  hoisting  the  full  weight  of  the 
rods  on  each  stroke.    The  reduction  in  power 


Fig.  12.     The  Type  of  Counterbala 
&  Fuel  Co.  in  the  El  Dorac 


n  This  Motor-driven  Well  of  the  Emj 
eld,  Kansas,  is  Frequently  Employed 


is'considerable,  varying  with  local  conditions 
from  S  to  22  per  cent,  and  averaging  about 
15  per  cent.    Fuel  consumption  can  therefore 


be  materially  decreased  by  installing  a 
counterbalance  on  each  beam-well,  regardless 
of  the  method  of  drive. 

Rod  breakage  is  another 
condition  which  is  being 
improved  by  counterbalanc- 
ing. The  uneven  motion  of 
the  engine,  particularly  of  the 
gas  engine,  due  to  its  inherent 
method  of  action  as  well  as 
to  its  unbalanced  load, 
causes  the  rods  to  be  picked 
up  with  a  jerk,  and  the 
vibration  thus  produced  is 
the  cause  of  much  of  the  rod 
breakage  with  which  every 
producer  contends.  Counter- 
balancing the  beam  has 
proved  to  be  the  means  of 
greatly  reducing  this  in  many 
instances  in  the  California 
and  Mid-Continent  fields,  and 
is  thus  resulting  in  a  direct 
saving  in  oil  production 
ordinarily  lost  by  the  shut- 
downs occasioned  by  break- 
age. 

The  counterbalance  is 
believed  to  be  indirectly  a 
valuable  means  of  reducing  the  amount  of 
waste  emulsion  in  wells  having  considerable 
water.  It  is  generally  recognized  that  the 
emulsion  is  caused  by  the 
churning  action  produced  by 
damaged  or  leaking  cups  and 
valves,  and  this  damage  is 
no  doubt  largely  due  to  the 
jerks  and  vibration  men- 
tioned above.  The  value  of 
the  counterbalance  in  reduc- 
ing this  content  therefore  lies 
in  its  ability  to  smooth  out 
the  pumping  motion. 

The     use     of     a     counter- 
balance is   recommended   on 
every  motor-driven  rig.      Its 
cost  is  nominal.    One  type  is 
illustrated  in  Fig.  12  but  that 
which  is  considered  the  best 
of  any  of  the  various  types 
in  use  is  shown   in   Fig.    13. 
The  weight  itself  is  a  concrete 
block,  supported  from  an  ex- 
tension of  the  walking-beam 
by  a  stirrup  which   ma}'   be 
moved  to  change  the  leverage  and  thus  obtain 
the  best   adjustm.ent.       Suitable   guides   are 
used  to  prevent  the  block  of  concrete  from 
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swin^inti  from  siilt-  lo  side.  'i'his  nielhod 
of  su])port  makes  the  wci^jiil  !()()  ])cr  ceiil 
.effective,  which  is  n»l  the  case  with  coimler- 
balances  consislinK  of  a  heavy  weij^hted 
piece  of  timber  with  one  end  restiiij;  on  a 
post  in  the  ground. 

Motors  for  Jack-well  Pumping 

Wells  pumped  by  jacks  and  operated  in 
groups  from  a  central  "i)ower"  can  be 
electrified  at  a  comparativelv  low  cost  per 
well. 

A  countershaft  is  placed  between  the  motor 
and  the  "power"  and  usually  carries  a  friction 
clutch  for  starting  the  wells  after  the  motor 
has  been  brought  up  to  full  s])eed.  The  use  of 
such  a  clutch  on  every  installation  is  desirable, 
as  itjrelieves  the  motor  of  heavy  starting  duty 
and  thus  enables  a  standard  squirrel-cage 
motor  to  be  used,  whereas  otherwise  it  would 
be  best  to  put  in  a  slip-ring  motor  to  make  it 


! 

I 

•j 
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m 
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Fig.  13.     This  Concrete  Counterbalance  Was  First  Used  by 

the  Cosden  Oil  as  Gas  Co.  at  Shamrock.  Okla.,  and  is 

Considered  the  Most  Effective  Design  Now  in  Use 

possible  to  start  the  wells  slowly  and  thus 
prevent  breaking  the  shackle  rods.  The 
complete  equipment  is  very  simple.  Fig.  11 
shows  an  installation  of  this  type.  When  the 
wells  are  cleaned  a  portable  hoisting  equip- 
ment is  employed,  such  as  in  Fig.  10. 

The  power  required  for  pumping  wells  by 
this  method  is  affected  not  onlv  bv  variations 


ill  the  dei)th  of  the  wells,  the  height  to  which 
the  fluid  rises  in  the  wells,  the  gravity  of  the 
oil,  the  diameter  of  tubing,  the  speed  of 
])um])ing,  and  the  general  condition  of  the 
wells  with  respect  to  sand,  gas  and  water 
content,  but  also  dejjends  considerably  ujjon 
how  well  the  wells  are  balanced  against  each 
other.  Therefore,  the  use  of  an  ammeter  in 
the  motor  circuit  is  desirable  to  tell  this 
exactlv. 


Fig.  14       Fifty-h  p.  Oil  Well  Drilling  Motor  Operating 

Standard  Cable-tools  at  Well  No.  3,  Midway 

Pacific  Oil  Co.,  Fellows.  Calif. 

MOTORS   FOR   DRILLING 
Cable-tool  Method 

The  Standard  type  of  varying-speed  induc- 
tion motor  with  wound  rotor  (Figs.  1-1,  15  and 
17)  is  the  best  machine  for  drilling,  the 
required  range  in  speed  being  obtained  by 
resistance  in  the  rotor  circuit,  as  with  the 
pumping  motor,  but  a  two-speed  feature  is 
neither  necessary  nor  desirable.  An  auxiliary 
controller  provided  in  addition  to  the  main 
controller  gives  the  ver\-  fine  adjustment  of 
speed  required  in  cable  drilling  to  make  the 
movement  of  the  beam  accord  with  the 
natural  period  of  vibration  of  the  drilling  line. 

The  main  controller  alone  gives  ten  points 
of  control;  the  auxiliary  controller  cuts  in 
'eight  additional  control  points  becween  any 
adjacent  points  on  the  main  controller.  This 
results  in  a  total  of  88  points,  which  are 
sufficient  to  obtain  the  correct  speed  at  all 
times  without  danger  of  deadening  the 
movement  of  the  drilling  bit  and  endangering 
the  line  and  beam  by  overstraining  them. 
The  two  controllers  are  operated  independ- 
ently from  the  headache-post  (Fig.  16)  and 
govern  both  forward  and  reverse  operation. 
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Other  methods  of  obtaining  variable  speed 
by  special  designs  have  been  tried  on  this 
work,  but  the  advantages  gained,  if  any,  were 
not  sufficient  to  warrant  the  increased  cost  of 
apparatus  or  the  additional  attention  and 
expense    necessary    to    maintain    it    in    good 


75  hp    Oil  Well  Drilling  Motur  and  Ciiip 
ir  Cable-tool  Drilling  by  an  Oil  Company  i 


operating  condition.  Simplicity  of  operation 
is  a  strong  point  in  favor  of  the  equipment 
now  standardized  for  this  service,  since  the 
various  drilling  operations  follow  so  closely 
upon  each  other  that  the  driller  cannot  be 
put  to  the  inconvenience  of  throwing , 
switches  or  shifting  clutches  each  time, 
particularly  when  entirely  satisfactory  re- 
sults can  be  obtained  without  going  to  such 
trouble. 

In  cable  drilling  the  beam  must  qverspeed 
and  allow  a  "free  drop"  of  the  tools  on  the 
down-stroke  to  get  the  most  effective  blow, 
and  to  accomplish  this  the  motor  must  slow 
down  on  the  up-stroke  and  speed  up  on  the 
down-stroke.  This  characteristic  is  very 
satisfactorily  obtained  with  the  drilling  motor 
by  so  proportioning  the  pulleys  that  some 
secondary  resistance  will  be  in  circuit  when 
the  motor  is  operating  at  the  correct  drilling 
speed. 

With  electric  drilling  it  is  customarv  to 
insert  an  ammeter  in  the  motor  circuit  and 
mount  it  where  it  can  be  easily  seen  by  the 
driller.  This  gives  him  an  accurate  indication 
of  the  amount  of  strain  he  is  putting  on  his 
casing. 


Rotary  Method 

The  same  type  of  motor  used  in  cable 
drilling  is  well  suited  for  driving  the  rotary  . 
table  and  draw-works  and  also  the  slush- 
pump.  Variable  speed  is  needed  in  both 
cases,  and  although  a  single  controller  for 
each  motor  will  prove  satis- 
factory, some  operators  have 
put  in  a  standard  cable-tool 
outfit  for  the  rotary  drive  so 
that  it  would  be  available  to- 
finish  up  the  well  with  cable- 
tools  when  the  oil  sand  was 
reached. 

Motor  Capacity  for   Either  Drill- 
ing Method 

The  power  required  in 
drilling  an  oil  well  varies 
considerabty  f  or  the  numerous 
operations.  Drilling  itself  is 
a  fairly  steady  load  on  the 
motor,  while  the  other  work, 
]  larticularly  the  manipula- 
tion  of  casing,  is  heavy  and 
\ery  intermittent  in  charac- 
ter. Drilling  motors  can  exert 
a  very  heavy  torque  or  pull- 
ing effort,  and  their  ability  to 
do  so  in  an  emergency  is 
often  the  means  of  freeing  a 
string  of  "frozen"  casing  which  might 
otherwise  have  to  be  "landed"  in  the  hole, 
thus  necessitating  drilling  being  resumed  with 


E<iu,p 
:,  Calif, 


Fig.  16.      The  Two  Handwheels  on  the  Headache-Post  at  the 

Left  Control  This  Motor-operated  Cable-tool  Drilling 

Rig  at  the  Reward  Oil  Co  .  Reward.  Calif. 
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a  smaller  siring;.  Tiio  hinh  Vnrque  cajjacily  is 
of  ])arlicular  value  in  such  o])erations  as 
"spuddinj:;"  casing;  and  looseninj^  stuck  tools, 
and  in  rotary  drilling  it  is  a  necessity  in 
handlin}^  the  drill  pipe  as  well  as  the  casing;. 

For  the  standard  sizes  of 
cable-tool  and  rotarv  rijjs  and 
tools  now  used  in  the  United 
States,  a  75  h.p.  machine  has 
been  found  to  have  sufficient 
capacity  for  all  requirements 
in  drillinj;;  wells  much  over 
20()()  feet  in  depth.  For  more 
moderate  depths  oO  h.p.  may 
be  sufficient.  Local  condi- 
tions must  be  considered  in 
any  s^iecific  case.  In  some 
foreign  fields  motors  as  large 
as  150  h.p.  are  used  because 
of  the  different  type  of  rig 
and  methods  of  operation 
employed. 

On  a  rotary  rig  it  is  an 
advantage  to  use  on  the  skish- 
pump  a  motor  which  is  a 
duplicate  of  that  for  drilling. 
as  fewer  spare  parts  are  then 
required. 

Mechanical  Arrangement 

The  use  of  a  belted  countershaft,  as  shown 
in  Fig.  14,  is  the  accepted  standard  method 
of  drive  for  cable-tool  drilling 
as  well  as  for  pumjjing. 

On  account  of  the  heav}- 
strains  to  which  the  equip- 
ment is  subjected,  back- 
geared  motors  cannot  be 
recommended  for  this  service. 
A  few  installations  have  been 
tried  using  a  two-speed  or 
three-speed  change-gear 
countershaft  to  obtain  more 
economical  speed  variation, 
but  they  have  all  been  dis- 
carded because  of  their  rapid 
depreciation  under  the  severe 
service.  Furthermore,  the 
operators  generally  failed  to 
make  use  of  the  device  be- 
cause of  the  time  and  trouble 
involved.  Experience  has 
shown  that  the  plain  counter- 
shaft drive  and  the  main  and  auxiliary  control 
are  satisfactory  in  giving  all  necessary  speed 
changes. 

For  rotary  drilling  also  a  countershaft  is 
needed.     It  is  advisable  to  use  chain  drive 


i)elween  this  and  the  rig  as  this  can  be  belter 
ada])ted  to  the  usual  mechanical  arrangement 
of  the  draw-works,  but  the  motor  should  be 
belled  to  the  countershaft  so  that  it  can  be 
used  for  cable-tool  w<jrk  if  nece.ssarv. 


lie  .American  Petroleum  Co.  a!  C     ,::;i.   i    C     .:      ''  r-5  This  Portable  Arrangement 
Their  Standard  75-h.p.  Oil  Well  Drilling  Motor  and  Control  Equipment 


In  order  to  facilitate  moving  the  drilling 
mptor  from  one  rig  to  another,  a  number  of 
the  operators  have  mounted  the  equipment  on 
a  heavy  wooden  block  provided  with  axles  so 


The  Bank  of  Transformers  Used  for  the  Drilling  Motor  Shown  in  Fig.  17 

that  wheels  may  be  put  on  when  it  is  moved. 
In  one  or  two  instances  the  wheels  are  not 
removed  when  the  motor  is  put  in  drilling 
service,  but  the  truck  is  held  in  position  by 
means  of  struts.    (See  Figs.  17  and  IS.) 
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Fig.  19.     A   1900-ft.  Well  of  the   Midway   Pacific    Oil    Co.    at 
Fellows,  Calif.,  Drilled  Entirely  by  Electric  Power 

TRANSFORMERS 

If  an  oil  company  purchases  its  own 
transformers,  the  cost  of  electrification  is  of 
course  lower  when  an  entire  group  of  wells  is 
equipped  with  motors,  as  one  bank  of  trans- 
formers can  be  put  in  to  supply  power  for  all. 
Less  transformer  capacity  is  then  needed,  as 
only  enough  extra  capacity  must  be  put  in  for 
pulling  and  cleaning  one  or  two  wells  simul- 


taneously. If  separate  banks  of  transformers 
were  used  for  each  well  they  would  all  need 
to  be  sufficiently  large  for  pulling  and  cleaning 
duty.  The  number  of  wells  that  can  be 
operated  from  a  single  bank  will  depend 
entirely  upon  their  relative  grouping  and  the 
amount  of  power  required  to  pump  each  one. 

For  drilling  work  it  is  the  best  practice  to 
use  a  separate  bank  of  transformers  for  each 
motor.  They  may  be  mounted  on  the  ground 
near  the  motor,  thus  shortening  the  heavy 
secondary  lines  and  making  it  more  con- 
venient to  move  the  transformers  from  rig 
to  rig,  or  the  method  illustrated  in  Fig.  18 
may  be  used. 

If  it  is  preferred  to  mount  them  on  poles,  a 
good  method  is  shown  in  Fig.  19.  This  is 
customary  for  permanent  installations  and 
enables  the  transformers  to  be  handled 
readily  from  a  truck  directly  underneath, 
thus  facilitating  repairs  and  replacements. 
High-voltage  lines  can  thus  be  kept  well 
away  from  the  derrick,  rigs  and  buildings. 

LIGHTING 

Electric  lighting  has  been  extensively 
adopted  for  oil  field  work  and  it  renders 
drilling  by  night  in  gassy  territory  much 
safer  than  it  has  ever  been  before.  On 
producing  wells  the  advantage  of  a  safe  light 
about  the  rig  at  night  needs  no  emphasis. 
The  various  motor-operated  rigs  shown  in  the 
illustrations  are  all  electrically  lighted. 


)  of  Wells  in  the  California  Midway  Field  Has  Been  Electrically  Operated  for  Several  Ye 
by  the  Fuel  Oil  Dept.  of  the  Southern  Pacific  R.R. 
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Electrification  of  Paper  Mill  Finishing-room 

Machinery 

By  \V.  T.  l-:i)c.i;i.i.,  Jr 

PdWKK  AND  Minim.  I'^nimniclkini;  I)i;i'akimi:m,  ('iI-nkkai.  Elfxtkic  Comi-anv 

Tho  consumption  as  well  as  tlu-  cost  of  paper  have  advanced  so  rapidly  during  the  past  few  years  that 
paper  manufacturers  are  being  enforced  to  study  thoroughly  the  |)0ssibilit!es  of  increasing;  production  and 
reducing  costs.  The  author  in  the  following  article  points  the  way  to  a  number  of  econoniies  which  are  well 
worth  serious  consideration. — EnrrnK. 


The  application  of  electric  drive  to  the 
various  machines  used  in  the  manufacture  of 
paper  has  increased  so  extensively  durin<;  the 
past  decade  that  practically  all  new  mills  are 
electrically  equipped  throughout.  Many  of 
the  older  inills  manufacturing  book,  magazine, 
glasscne,  writing,  and  other  papers  requiring 
special  finishes,  have  found  it  to  their  advan- 
tage to  change  over  to  individual  electric  drive 
especially  in  the  finishing  rooms.  Generally 
speaking  overhead  belt  drives  tend  to  shut 
off  the  light  and  are  noisy,  both  of  which 
features  are  undesirable  from  the  view  point 
which  considers  the  health  of  the  operators 
and  the  quality  of  their  work.     Furthermore, 


Fig.  1.      Mechanical  Arrangement  of  Two  Motor  Super-calender 
Mechanical  Clutches 

overhead  belt  drives  are  always  liable  to  drip 
oil  which  is  particularly  objectionable  when 
working  on  finished  paper.  The  heavier  line 
shafting  with  driving  pulleys  under  the  finish- 
ing room  floor  takes  up  a  large  amount  of 
space  which  could  be  used  for  storage  or  for 
direct  manufacturing  purposes. 

Where  individual  electric  drive  is  used  for 
each  machine,  the  finishing  room  may  be  so 


laid  out  as  to  jjcrmit  of  the  most  convenient 
arrangement  of  the  machinery;  and  in 
addition  the  room  will  be  lighter,  less  noisy, 
and  much  cleaner  than  it  would  be  with 
mechanical  drive.  Furthermore,  the  opera- 
tions of  the  several  machines  in  a  finishing 
room  are  necessarily  intermittent  and  inde- 
pendent of  each  other  and  therefore  a  con- 
siderable saving  in  power  is  effected  by  the 
elimination  of  a  long  line  of  shafting,  pulleys, 
and  belts.  There  is  also  a  corresponding 
decrease  in  the  maintenance  costs. 

The  largest  power  consumers  in  a  finishing 
room    are    the   web    super-calenders.     These 
machines  are  used  to  give  a  smooth  finish 
to  paper  b}-  passing  it    under   very 
hea\^'  pressure  between  alternate  rolls 
of   highly   polished   iron   and    highly 
compressed    paper    or   cotton.       The 
iron    rolls    are   hollow    and    may    be 
heated.       The    paper    is    sometimes 
passed  over  a  steam  jet  which  damp- 
ens   it    and   then    between   the    two 
upper   rolls   and    down    through   the 
'l  stack  of  alternate  paper  and  iron  rolls. 

|_ I    The  degree  of  finish  is  determined  by 

'^  the   dampness  of  the  paper  and  the 

pressure  of  the  rolls.     Tests  show  that 

the  power  constxmption  at  500  ft.  per 

min.  paper  speed  varies  from  0.7  to 

2  h.p.  per  inch  width  of  roll.     The 

super-calender  requires  approximately- 

;,  Using      constant    torque    and    therefore    its 

power  requirements  vary-  directly  as 

the  paper  speed. 

The  principal  factors  which  determine  the 

motor  sizes  are  the  maximum  paper  speed, 

width  of  roll,   number  of  rolls,   weight  and 

kind  of  paper  and  the  finish  desired.     For 

instance,     super-calenders     finishing     coated 

papers  require  less  power  than  super-calenders 

used  to  finish  a  heavy  rag  paper;  and  light 

bond  papers  require  considerably  less  power 

than  heavy-  map  or  chart  papers.     Informa- 
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tion  on  all  of  these  points  is  desired  in  laying 
out  super-calender  drives. 

The  essential  requirements  of  a  good  super- 
calender  drive  are  a  constant  threading  speed 
between  30  and  50  ft.  per  min.,  very  smooth 


Fig.  2.      Phase-wound  Main  Motor  and  Squirrel-cage  Threac 
SO-in.,  9-roll  Stack  Paper  Calender,  Strathmore  Paper  Co., 

acceleration  from  threading  speed  to  maxi- 
mum running  speed,  ability  to  speed  up  or 
slow  down  smoothly  and  rapidly  as 
occasion  requires  and  to  stop  quickly 
in  order  to  shorten  delays  and 
lessen  the  waste  due  to  breaking  of 
the  paper. 

With  super-calenders  which  are 
belt-driven  from  line  shafts  only  two 
speeds  are  obtainable,  the  threading 
speed  and  the  maximum  speed 
These  speeds  are  fairly  constant  it 
the  prime  mover  is  equipped  with 
a  good  governor;  but,  in  many  mills 
having  ungoverned  waterwheel  drive 
for  the  entire  mill,  the  speed  is  a  verv 
uncertain  factor.  Because  there  is 
no  adjustment  of  the  running  speed 
to  suit  different  grades  of  paper,  the 
calender  must  be  driven  at  an  aver- 
age speed  seldom  over  400  to  500 
ft.  per  min.  which  results  in  a  pro- 
duction loss  when  compared  with  Fig.  3 
the  speed  obtainable  by  motor  drive. 
The  abilitj^  to  accelerate  smoothly 
from  slow  speed  to  running  speed  depends 
largely  upon  the  condition  of  the  friction 
clutch.  If  this  clutch  is  worn,  the  calender 
is  jerked  and  jarred  which  results  in  damage 
to  the  rolls  and  a  considerable  loss  in  pro- 


duction, both  wastage  and  time  due  to  paper 
breaks. 

The  application  of  individual  motor  drive 
to  these  super-calenders  permits  of  very 
smooth  acceleration,  and  of  such  speed  control 
that  the  operator  may  quickly 
slow  down  for  breaks  or  weak 
spots  in  the  paper.  Therefore 
it  is  possible  with  motor  drive 
to  super-calender  fine  papers 
at  700  to  750  ft.  per  min.,  and 
at  the  same  time  to  permit 
super-calendering  of  the  vari- 
ous grades  of  paper  at  any 
speed  down  to  one  half  of  the 
maximum.  The  use  of  push- 
button control  reduces  the 
danger  hazard  for  the  man 
who  is  handling  the  paper  as 
it  enables  him  to  start  or  stop 
the  machine  from  as  many 
points  about  the  machine  as 
may  be  desired.  It  also  per- 
mits him  to  stop  the  machine 
quickly  in  emergencies.  Fur- 
thermore, this  type  of  con- 
trol saves  the  time  that  would 
otherwise  be  lost  in  climb- 
ing about  the  machine  to  reacH  a  single  con- 
trol station. 


ing  Motor.  Driving 
Woronoco.  Mass. 


Arrangement  of  Driving  Motor,  Controller 
for  9-roll  Stack  Paper  Calender,  Strathmo 
Woronoco,  Mass. 


and  Contactor  Panel 
Paper  Co., 


Various  motor  drives  have  been  developed 
to  meet  conditions  existing  in  particular 
mills,  but  in  general  the  two-motor 
alternating-current  drive  is  the  most  satis- 
factory arrangement.     There  are  two  main 


I'Ll'CTRlI'lCA'rioX  ()!•    I'.\I>|;r    Mil. I,   |-lXISiri\(".   U()f)M    M.\(III.\I-:KY 


•101 


modifications  of  this  l>pc  of  diixc,  hut  in  both 
cases  Iho  main  motor  is  of  the  wound-rotor 
type  wliilc  till'  ihrcadinj,'  motor  has  a  sciuirrel- 
cage  rotor  and  is  sek-cted  to  <lc\i.'lo|)  siiilicicnt 
starling  torque  to  start  the  super-calender 
from  rest  with  the  weights  on. 

Fig.  1  shows  the  mechanical  ar- 
rangement of  the  first  ty]ie.  Fig.  2 
and  o  are  from  photographs  of  such 
an  equipment.  In  starting  the  oil 
switch  on  the  panel  is  first  closed; 
and  then  a  push  button  is  pressed  to 
close  the  contactor  and  start  the 
threading  motor  which  drives  the 
calender  through  the  friction  clutch 
D  and  the  gear  E  After  the  paper 
has  been  threaded  through  the  cal- 
ender, the  operator  starts  to  turn  the 
controller  handle.  At  the  first  point 
the  main  contactor  is  picked  up,  and 
as  the  handle  is  turned  further  the 
motor  smoothly  accelerates  the  calen- 
der to  any  desired  running  speed  be- 
tween 50  and  100  per  cent  of  normal. 
When  the  large  motor  starts  to  drive 
the  calender  at  a  rate  faster  than  the 
threading  speed,  the  pin  clutch  in  the 
gear  E  mechanically  disconnects  that 
gear  from  the  roll  shaft.  The  threading 
motor  is  then  used  to  raise  or  lower  the  reel 
and  weights  and  to  drive  the  oil  pump. 
The  operator  easily  controls  the  calender 
speed  through  the  controller,  slowing  down 
for  weak  spots  and  breaks.  In  the  equipment 
shown  in  Fig.  3,  the  mechanical  brake  is 
released  by  a  trip  coil  operated  through  a 
push  button;  but  the  equipment  may  be 
provided  with  a  plugging  resistor  in  the 
primary  circuit  of  the  main  motor  which  ^^■ill 
brake  the  calender  when  the  "brake"  button 
is  pressed.  Of  course  any  desired  number  of 
these  push-button  stations  may  be  mounted 
at  convenient  places  about  the  calender, 
making  it  possible  to  start  the  threading  motor 
and  calender  when  the  clutches  are  properly 
set,  or  in  any  case  to  stop  either  motor  and 
apply  the  brake,  from  any  of  these  stations. 
Overload  protection  is  provided  by  relays  for 
each  motor  and  the  control  is  so  wired  that  it 
is  impossible  to  start  the  large  motor  unless 
the  controller  handle  is  first  brought  to  the 
"off"  position.  An  ammeter  is  generally 
included  to  indicate  the  current  input  to  the 
main  motor.  With  a  given  speed  and 
weight  of  paper,  the  ammeter  indication 
will  always  be  the  same  and  may  therefore 
be  used  by  the  operator  as  a  check  on  the 
weights. 


A  develoi)ment  of  this  drive  which  elimi- 
nates the  hand  operated  clutches  and  makes 
the  e(|ui[)ment  more  completely  aulomalic 
is  shown  on  I'igs.  4,  ."),  and  0.  In  this 
arrangement  the  threading  motor  drives  the 
super-calender   at   slow    speed    through    the 


MR5f. 


Fig.  4.      Automatic  Super-calender  Drive  for  Paper  Mill 

ratchet  clutch.  When  the  large  motor  reaches 
a  speed  faster  than  that  at  which  it  is  being 
driven  by  the  small  motor,  the  pawls  on  this 
clutch  fly  out,  mechanically  disconnecting  the 
small  motor  from  the  super-calender.  The 
pawls  reset  themseh-es  when  the  motor  is 
stopped  or  drops  to  threading  speed. 

The  push-button  stations  contain  three 
buttons  marked  "slow,"  "fast,"  and  "stop- 
brake."  When  it  is  desired  to  start  the 
calender  the  operator  pushes  any  "slow" 
button  which  starts  the  small  motor  and 
drives  the  calender  at  threading  speed. 
When  the  paper  has  been  threaded  through 
the  stack,  he  presses  the  fast  button  and  the 
motor  then  automatically  accelerates  at  a 
uniform  rate  to  the  predetermined  running 
speed.  The  running  speed  may  be  adjusted 
at  any  value  down  to  5(3  per  cent  of  normal  by 
turning  the  handle  of  a  dial-switch  speed 
regtdator  which  has  36  regvdating  points. 
If  it  is  desired  to  use  only  25  per  cent  speed 
reduction  for  regulation,  a  section  of  the 
switch  and  resistor  may  be  used  to  slow  down 
the  motor  to  a  very  low  speed  to  take  care  of 
occasional  weak  spots  in  the  paper.  The 
motor  acceleration  to  the  speed  determined 
by  the  setting  of  the  rheostat  is  entirely 
independent  of  the  operator.  Pushing  any 
"stop"  button  stops  either  motor  which  is 
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running  and  a  further  depression  of  this 
button  will  automatically  brake  the  large 
motor  and  stop  the  super-calender  without 
loss  of  time.  With  this  equipment,  the 
super-calender  is  absolutely  under  the  control 
of  the  operator  at  all  times  through  the  push- 
button stations  which  may  be  located  at  as 
many  points  about  the  machine  as  considered 
advisable.  When  desired,  the  regulating 
rheostat    may    be    motor    operated    which 


corresponding  curve  represents  the  horse- 
power input  to  the  main  motor.  The  horse- 
power input  to  the  super-calender  is  indicated 
by  the  ordinates  to  the  straight  line. 

It  will  be  seen  from  these  curves  that  both 
the  alternating-current  and  the  direct-current 
motors  have  practically  the  same  operating 
efficiency  at  full  speed.  The  alternating- 
current  motor  has  a  wound  rotor  with  external 
resistance   in   the   rotor   circuit   and   with   a 


Fig.  5.     Speed-regulating  Panel  Us 

with  Paper  Calender 

Control 


Fig.  6.     4-point  Acceleration  Automatic  Pre- 
determined Speed  Paper  Calender 
Controller 


pro\'ides  a  full  automatic  equipment  operated 
entirely  by  push  buttons. 

The  descriptions  given  have  dealt  with 
alternating-current  equipments  because  the 
large  majority  of  paper  mills  have  only 
alternating-current  power,  but  practically  the 
same  operating  characteristics  are  obtained 
with  outfits  using  direct-current  motors. 

Reference  to  Fig.  7  will  show  the  difference 
in  operating  efficiencies  of  alternating-current 
and  direct-current  drives.  The  curves  were 
drawn  by  plotting  the  horse-power  inputs  of 
75-h.p.  300/600  r.p.m.  alternating-current 
and  direct-current  motors  against  speed; 
and  for  any  given  speed  the  ordinate  to  the 


constant-torque  load  requires  a  constant 
input  regardless  of  the  speed.  The  direct- 
current  motor  is  designed  for  a  100  per  cent 
increase  in  speed  by  field  control  and  therefore 
the  horse-power  input  within  this  range  drops 
proportionally  as  the  speed  is  lowered  since 
the  torque  remains  constant,  except  for  a 
slight  change  in  motor  efficiency.  The  direct- 
current  motor  is  however  a  much  larger 
machine  than  the  alternating-current  machine 
because,  in  this  case  where  a  50  per  cent  speed 
reduction  is  required,  its  basic  speed  is  300 
r.p.m.  against  a  synchronous  speed  of  the 
alternating-current  motor  of  600  r.p.m.  If  a 
motor-generator  set  must  be  used  to  supply 
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the  direct  curi-i'iii,  tlu'  losses  in  this  set  inusl 
also  1)C'  oonsi(iiTe(l.  In  such  case,  the  ojjcral- 
ing  cHicicncy  of  the  combined  set  and  direct- 
current  motor  at  maximum  sjieed  is  much 
lower  than  that  of  the  alter- 
nating-current motor  alone, 
and  it  remains  lower  for  all 
speeds  down  to  approxi- 
mately M  per  cent  of  the 
maximum  from  which  point 
it  is  better  than  that  of  the 
alternating-current  motor. 
If  the  calender  is  to  be  oper- 
ated at  the  maximum  s])eed 
only  on  rare  occasions  and 
generally  is  to  be  operated 
at  a  speed  range  from  M)  to 
75  per  cent  of  maximum. 
the  direct-current  equipment 
even  with  a  motor-generator 
set  is  the  more  economical 
although  the  first  cost  is 
higher.  Below  .")0  per  cent 
speed,  or  the  full-field  point 
on  the  motor,  the  total  input 
will  be  practically  constant 
down  to  low  speed  if  the  set 
voltage  is  maintained  con- 
stant. The  input  to  the  threading  motor  will 
be  practically  the  same  for  either  alternating- 
current  or  direct-current  equipments. 


obtained  by  mechanical  means.  At  the  low 
percentage  sjjccds  re(|uired  for  threading,  the 
motor  speeds  are  very  unstable  and  slight 
variations  in  the  torque  requirements  of  the 


Fig.  8^ 


/5    20    25   30   35    40   45    50    55   60   65    70    75   80    85    90    95  /OO 
Per  cent  Speed 
t  Showing  Comparative  Efficiencies  at  Various  Speeds 
of  A-C.-D-C.  Super-calender  Drives 


Single  motor  drives,  whether  alternating- 
current  or  direct-current,  are  not  generally 
recommended  unless  the  speed  changes  are 


r.p.iu.,  550  volt  Phase-wound  Reversing  Induction  Motor 
Driving  Plater 

calender  produce  large  variations  in  speed- 
In  both  cases,  assuming  but  a  single  volt- 
age and  frequency  available,  the  speed  is 
reduced  to  that  required  for  thread- 
ing by  inserting  resistance  in  the 
armature  circuit  of  the  motor.  This 
means  an  input  to  the  alternating- 
current  motor  equal  to  that  required 
at  full  load,  and  an  input  to  the  direct- 
current  motor  at  least  equal  to  the 
input  at  basic  speed.  Since  super- 
calenders  are  generally  operated  at 
threading  speed  from  15  to  25  per  cent 
of  the  time,  the  loss  of  useful  power 
in  such  case  is  appreciable. 

There  are  certain  conditions  under 
which  single  motor  drives  will  prove 
satisfactory.    For  alternating-current 
systems,    double   frequency  is  some- 
times recommended  where  there  are 
a   large   number   of   super-calenders. 
In  such  case  for  instance,  the  motor 
operates   at    running   speeds  from  a 
60-cycle    circuit    and    for   threading 
speeds  from  a  six  or  seven-cycle  cir- 
cuit.    Such  an  arrangement  requires 
a  frequency-changer  set  to  furnish  the 
low  frequency  supply ;  and  because  the  voltage 
must  also  be  decreased  (in  this  instance  to 
about  20  per  cent   of  the  tiO-cycle  voltage) 
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the  cost  of  the  frequency-changer  set  makes 
the  arrangement  uneconomical  unless  there 
are  a  large  number  of  calenders  and  advantage 
can  be  taken  of  the  load-factor. 

Where    a    direct-current    power   supply   is 
available,  it  is  sometimes  advisable  to  use  a 


Fig.  9.     Reversing  Contactor  Panel  for  Usi 


Plater  Drive 


single  adjustable-speed  motor  with  a  double- 
voltage  control  s^^stem.  If  a  motor  arranged 
for  100  per  cent  speed  increase  by  field 
control  is  operated  at  running  speeds  from  a 
230-volt  circuit  for  instance,  it  will  require 
from  50  to  55  volts  across  the  armature  at 
threading  speed.  This  generally  means  a 
motor-generator  set  to  provide  the  lower  volt- 
age. In  either  the  double- 
frequency  or  double-voltage 
sj'stems  the  control  can  be 
made  automatic;  and  the 
smoothness  of  acceleration, 
the  accuracy  and  dependa- 
bility of  the  control  will  be 
of  the  same  standard  as  that 
described  for  the  two-motor 
equipments.  In  certain 
cases,  where  a  large  number 
of  super-calenders  are  in- 
stalled these  single-motor 
drives  are  economical,  but 
of  course  they  must  be  laid 
out  for  the  special  conditions 
involved. 

With  any  of  the  geared 
drives,  which  have  been  de- 
scribed a  Fabroil  pinion  is 
used  on  the  large  motor  to 
reduce  the  noise  to  a  mini- 
mum. 

Sheet  calenders  do  not  present  any  special 
problems  from  a  driving  standpoint.  Thev 
are  generally  driven  at  a  constant  speed, 
although  in  some  cases  where  different  grades 
of  paper  are  finished  provision  is  made  for 
about  25  per  cent  reduction  in  speed  to  accom- 


modate the  various  papers.     No  provision  is 
made  for  threading  speed  as  the  sheets  are 
guided   through    the   rolls   at   full   speed   by 
cloth  bands.     The  maximum  speed  of  a  sheet 
calender  is  limited  by  the  speed  at  which  the 
operator  can  feed  in  the  unfinished  sheets. 
Squirrel-cage  and  wound-rotor  alternating- 
current  motors  or  direct-current  motors  are 
generally  geared  direct  to  the  driving  roll  of 
the   calenders.      The   power   consumption 
will  vary  between  0.5  and  0.7  horse  power 
per  inch  of  face. 

Platers  are  used  to  produce  linen  effects 

and  other  special  surfacings.   The  sheets  are 

built  up  in  a  book  by  placing  them  between 

zinc  or  other  smooth  metal  plates  if  the 

surface  is  to  be  smooth  plated  or  between 

sheets  of  linen  or  other  material  which  will 

impress  the  surface  desired.     This  book  is 

passed  between  the  heavj'  rollsof  the  platers 

thus  impressing  the  desired  finish  on  the 

paper.      Plater   drives  must  be  particularly 

rugged  since  they  are  called  upon  to  reverse 

the  heavy  plater  rolls  when  these  are  under 

very  high  pressures.    The  three  most  common 

methods  used  are  the  belt  drive  with  reversing 

pulleys,     the     hydraulically     operated     gear 

reversal  driven  by  an  induction  motor,  and 

the   reversing   motor   drive.     So   far   as   the 
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ZOOPM 
Comparative  Tests  on  Platers,  the  Upper  One  Showing  Results  Obtained  with 
Iternating-current  Motor  Direct  Connected  to  Plater  Shaft.     The  lower 
chart  shows  result  of  test  obtained  with  old  belting  device 


Fig.  10 


motor  is  concerned,  the  first  two  methods 
require  no  special  consideration.  The  revers- 
ing motor  drive  shown  in  Fig.  8  is  a  very 
simple,  rugged,  compact,  and  economical 
equipment  which  has  been  developed  for  this 
service.     The  illustration  shows  one  of  these 
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ri'vorsiii)^   inoturs  (lri\iiij;  ;i  lR'a\>'    N<ir\v I 

platiT  luniii)^  -iL'-incli  faro  by  IS-iiu'li  diaiiicU'r 
rolls  R'vulvinj:;  al  about   17  r.i).in.     Tlu-  duty 
is  fairly  heavy,   the  rolls  ordinarily  making 
ten  revorsals  a  niinutr  i.'Xcopt  on  Uic  i-orncrs 
whoro   sonietinit's    .'iO    reversals    are 
made  jier  minute      The  motor  is  a 
l.")-h.p.  iihase-wound  maehint'  direet 
connected  to  the  plater  shaft  through 
a  rij^id  steel  eouplinj;.    A  small  drum- 
type   controller   with    one   forward, 
one   reverse,   and    one   olT   point   is 
mounted  on  the  table  convenient  to 
the  oi)erator's  ri^ht  hand  and  con- 
trols the  motor  through  maj,'nelically 
operated  switches  mounted   on   the 
panel.    On  this  panel  there  arc  three 
contactors,  Fig.  9,  two  of  them  beinj; 
line  contactors  and  the  third  beint^ 
used  to  cut  out  a  section  of  resist- 
ance after  the  motor  has  reversed. 
A  simple  mechanical  relay  actuates 
this  contactor  only  after  the  motor 
has  started   to   turn  in  the  reverse 
direction.       The  installation  is    ex- 
tremely simple  and  is  entirely  under       Fig.  12. 
the  control  of  the  operator's  hand. 
The  following  tests  show  the  supe- 
riority of  the  reversing  drive  over  the  old  belt- 
shifting  equipment.   The  tests  were  made  on  a 


tliriiu^^li  ordinarN'  bell  Iraiisniissinn,  the  rever- 
sals beinj,'  obtained  by  sliiflinj^  the  belt. 
The  ri'cords  were  made  duriiiK  :i  2j  ^-liour 
run  while  the  i)later  was  workiiij;  on  I'apelerie, 

Moiiil.  .in.l  Vellum,     Fi),'.  Ml  is  a  ^r(  ii.,11  .,f  thr 


Seybold  Machine  Company  64- 
cage  Motor.  Byron  Western 


n   Trimming  Knife  Driven  by  Squ 
Company.  Dalton.  Mass. 


photographic  record  of  the  tests  from  which 
the  data  given  in  Table  I  were  obtained. 


Fig.  11.  7-l;2-h.p.  Induction  Motor  Belted  to  Rotary  Cutter 
and  Layboy.     Strathmore  Paper  Company,  Woronoco.  Mass. 

3G-inch  Norwood  plater  having  17-inch  diam- 
eter rolls.  A  comparison  is  made  between  the 
performance  records  of  a  lo-h.p.  direct- 
connected  reversing  motor  and  a  15-h.p. 
constant-speed     motor     driving     the     plater 


TABLE  I 

Reversing 
Motor 

Belted 
Motor 

Total  number  of  books  in  2J2 

66 
21.14 

53.2 
0. 

64 

Totol  kw-hr 

Per  cent  of  time  plater  idle. 

Power  used  to  drive  machine 

when  idle,  kw 

24.5 
35.6 

2.74 

In  thfe  recorded  tests  the  plater  output  was 
limited  by  the  ability  of  the  crew  to  make  up 
books  to  be  plated.  There  were  a  sufficient 
number  of  girls  to  keep  the  platers  busy  when 
operating  with  a  belt  shifting  device,  but  the 
direct-connected  drive  was  so  much  faster 
that  the  crew  could  not  keep  pace  with  it. 
It  is  e\ident,  however,  that  with  a  given 
output  the  power  bill  is  diminished  by  13.7 
per  cent.  If  we  assume  that  3o.6  per  cent  of 
the  total  time  was  used  up  in  unavoidable 
delays,  it  wotdd  still  have  been  possible 
within  23^  hours  to  finish  16  more  books 
on  the  reversing  mofor  equipment  than  was 
possible  with  the  belted  equipment.  This 
represents  a  production  gain  of  2.5  per  cent. 
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or  with  the  same  power  consumption  pro- 
duction could  have  been  increased  IS  per 
cent. 

Trimmers  may  be  driven  by  squirrel-cage, 
wound-rotor,  alternating-current  motors  or  by 
direct-current  motors.  The  motor  is  generally 
located  on  the  floor  or  mounted  on  the 
trimmer  frame  and  belted  to  the  flywheel  as 
shown  in  Fig.  12.  In  these  installations  the 
motor  runs  continuously,  but  motors  have 
been  applied  to  one  type  of  trimmers  which 
start  and  stop  once  for  each  cut.  The 
control    is    entirely    automatic.     The    push- 


button station  has  "start,"  "stop"  and 
"jog"  buttons  and  an  additional  "stop"  but- 
ton is  used  for  the  limit  switch.  Pushing  the 
"start"  button  starts  the  equipment  which 
automatically  completes  one  cutting  cycle 
unless  the  "stop"  button  is  pressed.  This 
action  will  stop  the  knife  at  any  point  in  its 
travel.  A  solenoid  brake  is  used  to  produce 
instantaneous  braking. 

Rotary  cutters,  layboys,  and  rewinders  are 
all  driven  by  individual  electric  motors. 
Typical  examples  of  these  machines  are 
shown  in  Figs.  11  and  13. 


Fig.  13.      10-h.p.   Induction  Motor  Belted  to  Rewinder. 
Strathmore  Paper  Company,  Woronoco,  Mass. 
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The  Synchronous  Motor  as  a  Means  of 
Reducing  Costs 

liy  RoHliKT  TkliAl 
I'OWI-.K    AMI    MiMM.    ICn<.INI;i;R1NC.   OkI'ARTMKNT,  (iKNKR.M,    ICl.KCTKIC   (.'oMl'ANV 

The  increasing  cost  of  labor  ami  materials,  without  a  corresponding  advance  in  the  price  of  the  finished 
product,  makes  it  necessary  for  the  manufacturer  to  study  i)roduction  economy  in  all  its  yjhases.  In  this 
connection  the  following  article  is  very  timely  as  the  author  convincingly  illustrates  the  possibilities  of  reduc- 
ing power  costs  by  the  use  of  synchronous  motors  or  motor  condensers.  Under  the  usual  conditions,  where 
the  induction  motors  on  a  circuit  have  lowered  its  power-factor,  the  addition  of  a  properly  selected  synchro- 
nous motor  will  iniprove  the  service  and  increase  the  power  capacity. — Editor. 


There  is  no  disputing  the  fact  that  both 
Rvnchronous  and  induction  motors  have 
occasionally  been  misapplied  in  times  i^ast. 
The  tise  of  an  induction  motor  when  a 
synchronous  motor  would  have  better  served 
the  purpose  has  perhaps  been  made  to  a 
greater  extent  than  the  misapplication  of  the 
latter.  The  induction  machine,  with  its 
extreme  simplicity  and  ruggedness,  and  its 
fairly  low  first  cost  and  maintenance  has 
commended  itself  to  many  users  who,  perhaps, 
could  have  served  their  own  interest  to  better 
advantage  by  a  more  careful  consideration  of 
the  merits  of  the  synchronous  inotor.  There 
are  in  operation  today  many  induction 
motors  in  places  which  would  undoubtedly 
have  called  for  a  synchronous  machine,  if  at 
the  time  of  installation  the  latter  had  reached 
its    present    stage    of    development.     As    a 


Power  Housa 


\N\/\N\N 
Ml  lie 
750<V-AInd.  Motor 
0.7  RF^ 


WWVW 

MilIB 

^}50KV-A  IndMoior 

0.7  P.  E 

ZOOH.PSteom  Engine 

Fig.  1.     The  Capacity  of  this  Lew  Power-factor  Circuit  was  Increased  by  Replacing  the 
Steam  Engines  in  Mills  A  and  B  by  Synchronous  Motors 

result,  many  industrial  systems  and  public 
utility  companies  are  suffering  from  the 
poor  power  factor  of  a  considerable  induction 
motor  load  which  could,  iti  general,  be 
improved  to  some  extent  by  the  proper  and 
judicious  use  of  synchronous  motors.  It  is 
pertinent  at  this  time,  when  power  companies 
are  trying  to  devise  means  for  discouraging 
loads  of  low  power  factor  by  some  form  of 
variable  rate,  or  bv  a  charge  based  on  kilo- 


volt-amperes  instead  of  kilowatts,  to  inquire 
into  the  merits  of  that  method  of  power  factor 
improvement  most  readily  at  hand  to  the 
largest  number  of  power  consumers — a  greater 
u.':e  of  the  synchronous  motor. 

It  may  be  well  here  to  compare  briefly 
the  salient  characteristics  of  the  two  machines. 
For  any  application  requiring  adjustable 
speed,  obviously  the  jjhase-wound  induction 
motor  or  some  other  form  of  variable  speed 
machine  will  be  required.  For  ver\-  small 
amounts  of  power,  the  induction  motor  has 
numerous  advantages  in  cost,  efficiency,  and 
simphcity.  A  brief  analysis  of  the  compara- 
tive characteristics  and  advantages  of  the 
two  types  of  machines  in  the  larger  sizes,  for 
constant  speed  duty  follows ; 

1 .  First  Cost:  In  all  but  a  few  of  the  larger 
low  speed  motors,  the  induction 
motor  costs  the  less  for 
a  given  output.  The 
difference  may  be  quite 
an  appreciable  amount 
.  — ^  in  the  smaller  sizes. 

Efficiency:   The  synchron- 
ous motor  has  the  higher 
efficiency  at  or  near  full 
load.   At  Hght  loads  the 
induction     motor    may 
have  a  slight  advantage. 
Poii'er  Factcr:      The  syn- 
chronous motor  is  usually 
designed  for  unity,  or  O.S 
power  factor  leading.    The  induction 
motor  power  factor  will  usually  come 
between     0.7.3    and    0.9.5    lagging — 
seldom  over  0.9  except  in  high  speed 
machines,  and  frequently  less  than 
0.7.5  in  small  and  low  speed  motors. 
Overload  or  Breakdown  Torque:  The  in- 
duction   motor    will    carry    300    to 
350  per  cent  load  before  staUing;  the 
average    svnchronous    motor    about 
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200  per  ceiU,  wliicli  aimninl  is  ample 
for  most,  apiilications.  This  value 
can,  ho\ve\er,  he  increased  where 
necessary  by  special  desij^'ii.  When 
the  necessity  can  he  foreseen  the 
torque  can  be  temiK)rarily  increased 
somewhat  by  increasing;  the  field 
excitation.  Due  to  its  flywheel 
effect  and  its  amortisseur  winding,  a 
synchronous  motor  will  withstand  a 
transient  over-tor([uc  considerably  in 
excess  of  the  value  j^iven  for  steady 
overload  (200  per  cent  normal). 
The  extent  depends  upon  the  design 
of  the  machine  and  the  duration  of 
the  excess  torque. 

5.  Starting:  The  apparent  starting  torque 

efficiency  of  the  synchronous  motor, 
that  is,  the  torque  developed  per 
kv-a.  input,  lies  between  that  of  the 
squirrel-cage  and  of  the  phase  wound 
induction  motor.  Therefore,  prac- 
tically any  starting  torque  require- 
ments which  can  be  met  by  a  squirrel- 
cage  induction  motor  can  be  met  to 
better  advantage  by  a  synchronous 
motor.  It  is  not  possible  in  the 
salient  pole  synchronous  machine  to 
approach  the  excellent  starting  char- 
acteristics of  the  phase  wound  induc- 
tion motor,  but  on  the  other  hand, 
the  fact  that  it  is  not  necessary  in  the 
synchronous  motor  to  limit  the  resist- 
ance of  the  amortisseur  winding  on 
account  of  efficiency  at  full  speed, 
as  in  the  case  of  the  squirrel-cage 
indtiction  motor,  permits  the  con- 
struction of  a  winding  more  efficient 
at  starting.  The  starting  torque  of 
ordinary  synchronous  motors  which 
is  developed  within  the  limitations 
of  kv-a.  input  usually  met  varies  from 
20  to  35  per  cent,  depending  upon 
the  class  of  service.  Motors  have 
been  designed  for  a  starting  torque  as 
high  as  60  per  cent  for  special 
requirements. 

6.  Pull-in:  In  an  induction  motor,  pull-in 

torque  is  synon^-mous  \\4th  break- 
down torque.  In  a  synchronous 
motor  full  breakdown  torque  is  not 
developed  until  excitation  is  applied 
to  the  field,  and  there  is  a  point,  at 
95  to  100  per  cent  speed,  where  the 
requirements  of  the  load  may  neces- 
sitate a  special  design  in  order  to 
obtain  sufficient  torque.     This  value 


usually  runs  around  h'j  to  40  ijercent. 
Machines  have  been  designed  for  as 
high  as  (15  i)er  cent  |)ull-in  toniue, 
and  it  is  possible  to  build  machines 
f(.ir  i)ractically  any  torque  which  may 
he  required.  It  should  he  very 
clearly  realized  that  the  requirements 
of  starting  and  ]jull-in  torque  are  to 
some  extent  antagonistic.  High 
starting  torque  for  a  given  input 
from  tile  line  requires  a  high  resist- 
ance amorti.sseur  winding.  High 
pull-in  torque  for  the  same  input 
requires  a  low  resistance  winding. 
Theoretically  it  is  possible  to  meet 
almost  any  requirements  in  either 
starting  or  pull-in,  provided  the 
other  is  not  important.  But  a 
design  which  gives  a  high  starting 
torque  necessarily  has  rather  poor 
pull-in  characteristics,  and  \'ice  versa. 
The  design  of  an  actual  machine  is  of 
course  a  compromise  between  the 
two  extremes,  and  the  resistance  of 
the  squirrel-cage  winding  is  made 
relatively  high  or  low  according  to 
whether  the  requirements  at  start 
or  at  sj-nchronism  are  the  more 
severe. 

7.  Accekration:  An  induction  motor  with 
squirrel-cage  winding  reaches  full 
speed  in  about  5  seconds;  a  syn- 
chronous motor  in  about  20  to  30 
seconds.  This  difference  may  be  an 
important  factor  if  there  is  any 
tendency  while  starting  up  to  break 
shafting,  throw-off  belts,  or  if  there 
be  other  objections  to  a  high  rate  of 
acceleration. 

S.  Electrical  Disturbance:  In  case  of  a 
momentary  interruption  in  power, 
or  lowering  of  the  voltage,  the 
induction  motor  will  suffer  a  slight 
speed  reduction.  It  will  usually 
regain  full  speed  upon  the  restoration 
or  normal  conditions,  but  at  the 
expense  of  a  temporarily  large  cur- 
rent from  the  line.  On  the  other 
hand,  under  such  conditions  a  syn- 
chronous motor  quite  frequently  wiU 
not  only  remain  in  synchronism,  but 
will  also  help  to  hold  up  the  voltage. 
If,  however,  the  disturbance  is 
sufficiently  severe  to  cause  the 
synchronous  motor  to  fall  out  of  step, 
in  a  m.ajority  of  cases  it  will  not 
come    back    to    synchronous    speed 
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without  being  restarted.  Under  cer- 
tain favorable  conditions,  as  for 
instance  a  motor-generator  set  which 
loses  its  load  at  the  time  of  dis- 
turbance, it  is  quite  possible  that 
synchronism  may  be  regained  im.- 
mediately  upon  the  restoration  of 
normal  conditions,  without  the  neces- 
sity for  restarting. 

A  synchronous  motor  should  be  considered 
for  any  application  when, 

(a)  Variable  speed  is  not  essential. 

(b)  The  requirement  is  100  h.p.  or  over. 

(c)  Starting  conditions  are  not   such   as 

to  require  a  phase  wound  induction 
motor. 

(d)  Loads  in  excess  of  200  per  cent  are 

improbable. 

(e)  The  supply  circuit  is  not  subject  to 

frequent  and  abnormal  surges  in 
voltage  or  frequency. 

(f)  Particularly  when  the  power  factor  of 

the  supply  circuit  is  already  low, 
and  there  is  an  advantage  to  the 
user  in  helping  to  better  it. 

A  few  exam])les  will  serve  to  illustrate  the 
effects  of  installing  in  a  given  circuit  either  a 
synchronous  or  an  induction  motor  of  average 
characteristics. 

Case  I.  A  certain  sub-station  has  a  500-kw. 
load  at  0.7.5  power  factor,  2300  volts, 
2.5  cycles,  which  is  transmitted  over  a 
half  mile  of  No.  4  wire.  It  is  proposed 
to  add  a  200-h.p.  motor. 

Case  II.  A  300,000-c.m.  feeder  in  a  factory 
is  carrying  a  load  of  150  kw.  at  440  volts, 
60  cycles,  0.8  power  factor,  at  a  distance 
of  1000  feet  from  the  generator  bus.  A 
100-h.p.  motor  is  to  be  added. 


Case  III.  A  mill,  located  two  miles  from 
the  generating  station,  has  a  1000  kw. 
load  at  6600  volts,  60  cycles,  0.8  power 
factor,  which  is  supplied  over  a  No.  1/0 
circuit.  Additions  to  capacity  require 
the  installation  of  a  1250-h.p.  motor. 

Table  I  shows,  for  the  cases  assumed,  the 
losses,  the  terminal  voltage  and  the  annual 
saving  effected  by  using  a  synchronous 
instead  of  an  induction  motor.  The  annual 
saving  has  been  calculated  on  the  assumption 
of  carrying  full  load  for  nine  hours  per  day, 
300  days  per  year.  This  value  may  easily 
be  modified  for  any  particular  conditions,  and 
may  be  converted  into  dollars  and  cents  by 
multiplying  by  the  cost  of  power. 

The  values  in  the  table  are  based  upon  the 
assumption  that  100  per  cent  motor  load  is 
superimposed  upon  the  load  already  existing 
on  the  circuit.  The  losses  have  been  cal- 
culated for  the  supply  circuit  only,  no 
attempt  having  been  made  to  evaluate  the 
hypothetically  higher  efficiency  of  the  syn- 
chronous machine  itself.  Dependent  upon 
the  characteristics  of  the  two  motors,  this 
would  undoubtedly  show  a  still  further 
advantage  in  favor  of  the  synchronous  motor, 
which  might  amount  to  as  much  as  70  per 
cent  of  the  saving  already  shown  for  the  line. 

If  the  motor  is  to  operate  at  less  than  full 
load  for  considerable  periods,  the  behavior  of 
each  type  should  be  considered.  In  general, 
the  efficiency  of  the  synchronous  machine  will 
fall  off  more  rapidly  than  that  of  the  induction 
motor,  and  it  may  be  somewhat  the  lower  at 
light  loads.  On  the  other  hand,  the  induction 
motor  power  factor  becomes  worse  as  the 
load  falls,  while  the  synchronous  motor  can, 
if  necessary,  supply  a  greater  leading  current 
than  at  full  load.  In  other  words,  its  abiUty 
to  correct  power  factor,  and  thereby  to  keep 


Terminal 

Kw. 

Voltage 

Voltage 

Lose 

2400 

2220 

64 

2160 

84.5 

2140 

111.6 

480 

447 

6.72 

452 

10.5 

425 

16.25 

6600 

6300 

39.6 

6230 

117. 

5900 

183. 

Annual 

Loss 
Kw.  Hrs. 


Difference 

in  Favor 

of  Synchronous 

Motor 


Case  I. 

Present 

Plus  Synchronous  Motor. 

Plus  Induction  Motor.  .  . 
Case  II. 

Present •. 

Plus  Synchronous  Motor. 

Plus  Induction  Motor.  .  . 
Case  III. 

Present 

Plus  Synchronous  Motor. 

Plus  Induction  Motor.  .  . 


173,000 
228,000 
301,000 

18,100 
28,300 
43,800 

107,000 
318,000 
493,000 


15,500 


175,000 
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line  losses  at  a  ininiimini,  is  not  oriliiiarily 
impaired  but  rallu'r  enlianood  by  a  decrease 
in  its  own  load,  e\-en  thoU};h  its  own  efliciency 
may  thereby  fall  oil  eonsiderabh-. 

If  a  constant  vohaj,'e  at  the  end  of  the 
supply  line  is  of  iniiuirlanee,  the  syiichninoits 
motor  can  assist  materially  in 
maintaining  it  by  varying, 
within  limits,  its  excitation. 
The  induction  motor  is,  of 
course,  valueless  for  this  pur- 
pose. A  reference  to  Table  I 
will  show  that  in  ever>-  case 
the  choice  of  an  induction 
motor  results  in  a  lower  ful' 
load  voltage,  that  is,  in  a 
greater  variation  in  terminal 
voltage. 

Recent  improvements  in 
synchronous  motor  design, 
the  increasing  cost  of  pow-er 
(which  gives  efficiency  a 
greater  weight  as  against  first 
cost),  and  the  increasing  rec- 
ognition by  the  engineers 
of  both  commercial  and 
industrial  power  stations  of 
the  value  and  importance  of 
a  high  power  factor  load,  all 
make  for  a  broader  and  more 
general  use  of  synchronous 
machines. 

The    synchronous    motor    is    already 
established  in  the  following  fields : 

Motor-generator  sets,  including  frequency 
converters, 

Air  compressors, 

Centrifugal  pumps. 

Fans  and  blowers,  and  it  has  been  used  to  a 
considerable  extent  for  other  specific 
purposes  too  nvunerous  to  mention. 

In  addition,  more  and  more  applications  are 
being  considered  from  time  to  time.  Many 
industrial  processes  and  methods,  largely  an 
outgrowth  of  combined  development  with  the 
steam  engine,  have  been  electrified  with 
induction  or  direct -current  motors,  because 
only  these  types  had  the  requisite  characteris- 
tics. It  has  been  found  in  numerous  cases 
that  a  slight  modification  in  method,  as  for 
instance,  closing  the  outlet  of  a  centrifugal 
pump,  or  bypassing  an  air  compressor  during 
the  starting  period,  would  permit  the  employ- 
ment of  a  synchronous  motor  to  good 
advantage.  As  a  notable  example  the  syn- 
chronous motor  has  recently  been  applied  to  a 


co]Ji)er  rolling  mill,  a  field  herelfjfcjre  con- 
sidered the  exclusive  jjroperty  of  the  induction 
and  direct-current  motors.  It  should  \)C 
noted,  however,  that  this  machine  was  a 
motor  condenser  of  less  than  oO  i)er  cent  power 
factor,    so    that    its    breakdown    load    and 


Fig.  6.      Centrifugal  Pumps  Driven  by  300-kv  a    Synchronous  Mote 


well 


starting  torque  are  a  relatively  high  per- 
centage of  its  energy  rating. 

Occasionally  it  is  found  desirable  to  install 
a  motor  of  somewhat  greater  capacity  than 
demanded  by  the  requirements  of  the  driven 
load,  in  order  to  furnish  considerable  excita- 
tion to  the  system.  Such  a  machine  is 
known  as  a  motor-condenser.  Although  the 
proportions  of  motor  and  condenser  will 
be  fixed  by  the  exigencies  of  the  case,  it  is 
interesting  to  note  that  the  maximum  effect 
is  obtained  by  combining  the  wattless  with 
the  power  duty  in  equal  parts. 

It  will  frequently  be  found  that  money  can 
be  saved  and  service  improved  by  replacing  or 
supplementing  an  old  isolated  steam  or  gas 
engine  plant  by  a  synchronous  motor  or 
motor  condenser.  A  case  in  point  is  that  of 
an  industrial  concern  in  New  York  which  had 
an  arrangement  somewhat  as  shown  in  Fig.  1. 

The  total  generating  capacity  was  rated  at 
1S75  kv-a  at  O.S  p.f.,  but  the  prime  mover  was 
of  sufficient  capacity  to  furnish  1S75  kw.  at 
1.0  p.f.  The  power  obtainable  was  therefore 
limited  only  by  the  power  factor  of  the  load, 
up   to    1S75  kw.     Supplied  from   the  power 
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station   through  a  2300-volt  Hne,   partly  of  Results: 

350,000  CM.  cable  and  partly  of  No.  4/0  Mill  A: 

cable,  were  three  mills,  as  shown  in  Fig.   1. 

The  load  at  mill  .4  consisted  of  650  kv-a.  in 

induction  motors,  and  a  250-h.p.  load  carried 

by   a    steam    engine.     The   load   at   mill    B 

consisted  of  450  kv-a.  in  induction  motors 

and  200  h.p.   on  a  steam  engine.     Mill   C, 

adjacent  to  the  power  house,  had  a  750-kv-a. 

induction  motor  load.     The  power  factor  at  Mill  B: 

each  mill  and  at  the  power  house  was  about 

0.70.     Although,  as  will  be  seen,  the  generator 

was    already ,  carrying    a    slight    overload, 

including    Hne    losses,    it    was    necessary    to 


Power    factor    raised    from    0.70 

to  1.00. 
Voltage  variation  reduced  from 

13  per  cent  to  0. 
Steam  engine  shut  down,  and  its 

place    taken    by    a    source    of 

cheaper  and  more  convenient 

power. 
Power  factor  raised  from  0.70  to 

0.9S5. 
Voltage  variation  re;duced  from 

11  or  12  per  cent  to  2  or  3  per 

cent. 


Fig.  7.     Synchronous  Motors  Driving  Triplex  Pumps 


increase  the  capacity  at  mill  B  by  200  h.p. 
and  an  induction  motor  seemed  the  only 
logical  means.  This,  however,  would  neces- 
sitate an  increase  not  only  in  generating 
facilities,  but  in  the  strength  of  the  line  from 
the  power  house  to  mill  B.  After  careful 
study,  the  following  changes  were  made : 

At  mill  A  the  steam  engine  was  replaced  bv 
a  300-h.p.,  500-kv-a.  motor-condenser 
with  automatic  voltage  regulator  for 
holding  constant  voltage. 

At  mill  B  the  steam  engine  was  replaced  by 
a  200-h.p.,  300-kv-a.  motor-condenser 
and  the  200-h.p.  induction  motor  initially 
responsible  for  the  inquiry  was  installed. 


Steam  engine  dispensed  with. 

Opportunity  to  install  the  ad- 
ditional 200  h.p.  required  with- 
out enlarging  power  station  or 
hne. 
Line:  Copper  loss  reduced  from  140  to 
50  kw. 

Power  House: 

Power  factor  raised  from  0.70  to 

0.94. 
Load  on  generator  reduced  about 

200  kv-a. 
Kilowatt   capacity    of   generator 

increased  about  30  per  cent  due 

to  decrease  in  kv-a.  load. 
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Centrifugal  Machines  and  Their  Adaptability 
to  Electric  Motor  Drive 

Hy  11.  \V.  koCKKs 

I'dWI  l<    AMI   MlMNl.   ICm',1NI-:ERING   DeI'AKTMKNT,  GkNERAI.  K1-E(  TKIC   CoMI'ANV 

This  article  discusses  factors  llial  have  to  be  taken  into  consideration  in  adapting  the  electric  motor  to 
the  driving  of  centrifugals.  The  starting  requirements  are  rather  severe  and  in  order  to  make  a  satisfactory 
selection  of  motor  equipment  it  is  necessary  to  know  fully  the  conditions  uniler  which  the  centrifugal  is  to  be 
operated,  such  as  maximum  speed,  period  of  acceleration  and  duration  of  run,  as  well  as  diameter  of  basket 
and  weight  of  revolving  element,  load,  etc.  These  factors  and  the  widely  fluctuating  duty  cycle  make  the 
selection  of  an  efficient  and  satisfactory  motor  equipment  a  difficult  problem  and  one  which  must  be  worked 
out  independently  for  each  installation.  Either  direct-current  or  alternating-current  motors  may  be  used 
but  the  latter  are  in  predomincncc.  Several  formula;  and  curves  are  given  which  will  assist  in  the  selection 
of  the  proper  motor  for  a  given  installation. — Editor. 


The  ceiitriru<:;al  iracl.iin.'  or  extractor  in  its 
simplest  form  consists  of  a  perforated 
basket  which  revolves  on  a  vertical  spindle 
at  high  speed  and  utilizes  centrifugal  force 
for  the  purpose  of  drying,  extracting,  filtering, 
cleaning,  dyeing,  nitrating,  etc. 

The  baskets  are  generally  constructed  of  per- 
forated thin  metal,  with  strengthening  rings  or 
hoops  on  the  outside,  the  bottom  may  be  solid 
or  removable  in  part  for  discharging  by  hand 
or  may  be  automatically  lowered  and  dis- 
charged when  the  machine  has  practicalh- 
come  to  rest;  the  top  of  the  basket  is  of  a  ring 
construction  to  permit  of  charging  through  the 
center. 

The  method  of  dri\-e  varies  with  different 
makes  of  machines;  belted  from  the  top  or 
bottom,  geared  from  the  top  or  the  bottom, 
or  direct  driven  by  means  of  vertical  motors. 
In  the  latter  type  of  drive  the  motor  may  be 
mounted  on  top  of  the  centrifugal  or  sus- 
pended beneath. 

The  field  of  application  for  the  centrifugal 
has  become  so  extensive  during  recent  years 
that  the  types  of  machine  are  as  varied  as  the 
industries  themselves.  Centrifugals  have  long 
been  used  in  textile  mills,  sugar  mills,  powder 
plants,  and  laundries,  and  are  now  being  used 
extensively  in  the  following  industries ; 


Chemicals 

Fibers 

Dyes 

Pelts 

Sugar 

Hair 

Salts 

Nitro-Cellulose 

Crvstals 

Rugs 

Wool 

By-products 

Textiles 

Laundries 

Cotton 

Dyers 

Silks 

Cleaners 

They  have  also  been  used  for  metal  drying 
and  the  extraction  of  oil  from  metal  chips. 
Their  adaptability  to  the  paper  mill  industry 
for  dr\-ing  bark  or  pulp  for  storage  has  also 
been  investigated;  but,  up  to  the  present  time. 


it  has  not  proven  entirely  succes.sful  owing  to 
the  method  of  discharge  employed.  This  diffi- 
culty, howe\-er,  may  be  overcome  in  time  with 
a  special  machine  designed  for  the  purpose 

The  usefulness  of  the  centrifugal  for 
separating  materials  is  dependent  entirely 
ujjon  the  application  of  centrifugal  force, 
which  varies  directly  as  the  diameter  of  the 
basket  and  as  the  square  of  the  revolutions 
])er  minute. 

F  =  ^"  =  ^^^^'  =  0.0003410  WRX^  pounds 

where 

F  =  centrifugal  force  in  pounds 
ir  =  weight  of  body  in  pounds 
R  =  radius  in  feet 
A'  =  revolutions  per  minute 
g  =  gravity  =  32. 16. 
The  magnitude  of  this  force  is  shown  by  the 
curve  in  Fig.   1;  and  it  will  there  be  noted 
that    on    the    40-inch    centrifugal,    which    is 
ordinarily  used  for  sugar  work,  this  force  is 
approximately    570    pounds    at    1000    r.p.m. 
and    represents    the    force    acting    on    each 
pound  of  syrup  at  the  periphery'  to  separate 
it  from  the  crystals. 

The  principal  types  of  centrifugals  on  the 
market  today  are  mantifactured  by; 

The  American  Tool  &  Machine  Co. 
The  Tolhurst  Machine  Works. 
The  Troy  Laundry  Machine  Co. 
The  American  Laundry  Machine  Co. 
The  Fletcher  Works. 
The  D'Oher  Co. 

The  Herr  Automatic  Machine  Co. 
The  Van  Vlaanderen  -Machine  Co. 
The  S.  S.  Hepworth  Co. 
The  Heine  Co. 

The  Watson  Laidlaw  &  Co.,  Ltd. 
The  Pott  Cassels  &  Williamson. 
The  last  two  concerns  are  both  of  Scotland 
and  their  machines  are  not  used  extensively 
in  this  countrv. 
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The  Watson  Laidlaw  machine  is  driven  by 
steam  engine,  water  motor,  or  electric  motor, 
but  only  the  electrically  operated  machine 
will  be  considered  here.  The  motor  is  of  the 
vertical  type  mounted  on  the  framework 
above  the  centrifugal  and  connected  to  it  by 
means  of  a  buffer  coupling  and  centrifugal 
friction  clutch. 

The  motor  is  thrown  directly  on  the  line 
and  comes  rapidly  to  nearly  its  full  speed 
before  the  friction  clutch  takes  hold  to  bring 
the  centrifugal  to  speed.  The  motor  therefore 
exerts  a  constant  torque  during  acceleration 
and  maintains  a  speed  slightly  below  normal 
until  the  clutch  ceases  to  slip  and  then 
speeds  up  due  to  the  decreasing  load.  It  has 
the  advantage  of  a  straight  line  acceleration 
but  is  not  designed  for  rapid  acceleration. 


The  power  requirements  are  not  different 
from  those  of  a  direct-connected  motor  without 
centrifugal  clutch,  in  one  case  the  losses  are 
in  the  clutch  and  in  the  other  case  either  in  the 
motor  or  rheostat. 

The  Pott  Cassels  &  Williamson  Co.  manu- 
factures the  "Weston"  centrifugal  which  has 
practically  the  same  method  of  drive  as  that 
of  the  Watson-Laidlaw  Company,  except 
that  the  motor  armature  is  mounted  on  a 
sleeve  on  the  spindle  and  has  no  buffer 
coupling  interposed  between  it  and  the 
centrifugal . 

The  Tolhurst,  Troy  Laundry,  American 
Laundry  and  Heine  machines  are  generally 
belt  driven;  the  Schaum  &  Uhlinger  (Fletcher 
Works)  machine  has  a  bevel-gear  drive;  and 
the  American  Tool  &  Machine,  D'Olier,  Herr 
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Atilimialir,  S.  S.  I  lt'|i\\ni-t  li, 
rcii  (■(■iilrifu>,';ils;ir(.'  usu;ill\-  ( 
rolluii'st    Machine   W'orks 


mill  \';in  X'laandc- 
liri'cl  driven.  Tlie 
and    llu"    Fletcher 


aooo    80  „  to  5 


20     40      60      so      /OO 

Tin 

FiR.  2.     48-m.  Tolhurst  Extractor,  7-h.p.,  1200-r.p.m., 
Belted  Motor 

Load  =nOO  lb.  Saturated  Waste 
Dry  Waste  =257  lb. 

Works  also  manufacture  direct-driven  ma- 
chines, the  latter  being  of  the  under  driven 
type. 

The  application  of  motors  to  centrifugals 
should  never  be  made  without  a  full  knowl- 
edge of  the  size,  weight,  load, 
speed,  and  duty  cycle  of  the 
machine  as  there  are  many 
factors  which  influence  the 
motor  capacity.  The  horse- 
power rating  of  a  centrifugal 
motor  is  very  apt  to  be  mis- 
leading as  it  may  be  based  on 
the  friction  load  only  without 
an>-  reference  to  the  frame 
size  or  it  may  have  an  arbi- 
trary intermittent  horse- 
power rating  entirely  depend- 
ent on  the  duty  cycle.  The 
rating  should  be  based  on 
the  complete  duty  cycle  and 
should  give  some  indication 
of  the  root-mean-square  value 
of  the  duty  cycle. 

The  duty  cycle  varies  widely 
and  may  be  long  or  short 
depending    on    the    class    of 


work    being   done;   e.g.,    in    laimdry,    textile, 

clirniical,  wool,   hair,  rug,  cleaiuTs,  etc.,  the 

lycle  may   be  long  with    from    three  to   ten 

,    jp  starts    per    hour,    while    in    sugar, 

nitro-cellulo.se,  syrui),etc.,  the  cycle 

may  be  very  short,  varying  from 

,    t,,  two  and  one  half  minutes  to  five 

or   si.x    minutes.      Centrifugals    in 

the  dyeing  and  silk  industry,  etc., 

,    50  are  very  often  equiiiijctl  with  two 

^         motors,  the  smaller  of  which  oj)er- 

5         ates  the  centrifugal  at  from  IK  to 

20  r.]j.m.  for  probably  20  minutes, 

after  which  the  larger  motor  brings 

^         it   u])  to  high  speed  and  operates 

io  !^         "Illy  for  a  period  of  10  minutes  and 

°         liien  the  machine  is  shut  down. 

I  Centrifugals   of   the   continuous 

^0  t>pc  seldom  shut  down  after  once 

being  started  as  they  are  automat- 

icall\-  discharged  and  charged  while 

10  running  at  low  speed.     They  are 

then  brought  up  to  full  speed  for  a 

predetermined    period    and    again 

o  slowed    down    for    discharge    and 

charge. 

It  is  impossible  to  select  a  motor 
without    a   full   knowledge   of   the 
following  factors : 
Diameter  of  basket. 
Weight  of  revolving  element. 
Weight  of  load.  Accelerating  time. 

Maximum  speed.  Running  time. 

Friction  load  at  full  speed. 
Braking  time.  Rest  period. 

Discharging  time. 
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Speed  and  Torque  Characteristics  of  Direct  and  Alternating-current 
Motors  Direct  Connected 
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In  some  cases,  the  discharge  takes  place 
while  running  at  low  speed  (150  to  200  r.p.m.) 
and  the  charge  during  the  rest  period,  while 
in  other  cases  both  the  discharge  and  charge 
take  place  while  the  centrifugal  is  running  at 
low   speed.     In  a  few   cases   the   centrifugal 
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Fig.  4.     Characteristics  of  Centrifugal  with  Direct-coi 
Centrifugal  Friction  Clutch 

is  brought  to  full  speed  empty  and  the  charge 
takes  place  while  it  is  running  at  full  speed. 
However,  as  there  is  a  possibility  of  having 
to  start  under  full  load  the  motor  should 
be  of  sufficient  capacity  to  accelerate  the 
centrifugal  under  these  more  severe  condi- 
tions. 

The  power  requirements  of  the  centrifugal 
may  be  readily  calculated  from  the  data 
referred  to  in  the  preceding  paragraph.  How- 
ever, since  the  problem  is  one  of  inertia, 
the  WB}  must  first  be  determined.  This  is 
made  up  of  two  elements:  the  basket  ^nd 
spindle,  which  is  fixed;  and  the  load,  which 
varies  from  start  to-  full  speed.  Experience 
has  shown  that  the  radius  of  gyration  of  the 
basket  may  be  taken  as  about  77  per  cent  of 
the  basket  radius  while  that  of  the  load  may 
be  taken  as  86.6  per  cent  of  the  basket 
radius.  The  increased  radius  of  gyration  of 
the  load  is  due  to  the  material  being  thrown 
out  toward  the  periphery  when  the  machine 
starts;  and  since  extraction  takes  place 
immediately  the  load  decreases  quite  rapidly 
and  reaches  approximately  62  per  cent  of  its 
original  value  at  the  end  of  the  accelerating 
period.  It  is,  therefore,  only  necessary  to 
consider  the  average  load  during  acceleration ; 
i.e.,  81  per  cent  of  the  total  load  at  start,  in 
calculating  the  WE}  of  the  load.  This 
characteristic  is  clearly  indicated  b_v  the 
test  curves  in  Fig.  2. 


Substituting  this  value  of  WB}  in  the 
formula:  ^^,  ^ 

^°^^^^  =  ^07T 
the  theoretical  constant  torque  required  to 
bring  the  machine  up  to  a  given  speed  N  in 
a  given  time  t  may  be 
calculated.  To  this  value 
must  be  added  the  average 
friction  torque  during  ac- 
celeration; and  the  horse- 
power input  during  this 
period  may  be  derived 
from  the  formula: 

"•p-='^25r 

where 

r  =  torque  in  foot- 

pounds. 
A'^5  =  maximum   or   syn- 
chronous speed. 
In  calculating  the  torque 
cted  Motor  and  during  acceleration  or  the 

time  required  for  accelera- 
tion the  value  A'^  is  taken 
as  90  per  cent  of  the  maximum  running  speed 
rather  than  the  maximum  speed,  because  the 
time  required  to  attain  maximum  speed  from 
90  per  cent  is  practically  the  same  as  the  time 
required  to  attain  90  per  cent  speed  from  rest. 
This  is  due  to  the  constantly  diminishing 
torque  available  for  acceleration  and  is  a  trait 
inherent  with  both  direct  and  alternating-cur- 
rent motors. 

Both  of  the  foregoing  formula  presuppose 
a  constant  accelerating  torque  which  is  not 
available  on  either  the  direct  or  alternating- 
current  motor  owing  to  the  shape  of  the 
torque  curve;  consequently  to  obtain  an 
equivalent  effect  the  actual  starting  torque 
for  the  alternating-current  motor  must  be 
approximately  50  per  cent  in  excess  of  the 
theoretical  torque,  while  for  the  direct-current 
compound-wound  motor  the  actual  starting 
torque  must  be  approximately  450  per  cent 
of  the  theoretical  torque.  The  difference 
in  the  two  types  of  motors  may  be  accounted 
for  by  the  fact  that  the  torque  of  the  induction 
motor  is  more  even  than  that  of  the  direct- 
current  motor,  which  is  very  heavy  at  starting 
and  falls  off  very  rapidl}'. 

These  formulse  do  not  indicate  the  required 
motor  capacity  but  must  be  considered  with 
the  remainder  of  the  duty  cycle  in  determining 
the  root-mean-square  value  of  horse  power. 
The  full-speed  running  load  is  very  light, 
since    it    is    only    a    matter    of    overcoming 
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friction  ;uul  \viiul;i(j;t';  i(iiisi'(|Ui'iUly,  llic 
])u\vi'r  !•(.•(  luiri'd  duriii)^  acci'lriJilion  is  a 
ileteniiiniiig  factor  in  the  sclcition  of  a  motor. 
The  fuU-siJoeil  operation  horse  ])ower  has  a 
distinct  advanlaj,'e  and  considerable  bearing 
on  the  motor  capacitj-  since  it  permits  of 
dissipating^  the  heat  incident  to  acceleration. 


in.  Laundry  Centrifugal  Extractor  with  Horizontal 
Belted  Motor  and  Belt  Tightner  Head 


The  foregoing  method  of  calculation  may 
be  used  in  connection  with  squirrel-cage 
motors  where  centrifugal  friction  clutches  are 
interposed  between  the  motor  and  the 
centrifugal,  or  with  slip-ring  motors  where  the 
losses  are  external.  There  are  cases,  however, 
where  the  heat  developed  during  a  single 
accelerating  period  results  in  excessive  tem- 
jjerature  and  prohibits  the  use  of  a  motor 
which  might  appear  to  be  satisfactory  after 
applying  the  method  above.  Such  cases  are 
confined  almost  entirely  to  infrequent  start- 
ing, followed  by  a  running  period  of  either 
long  or  short  duration.  For  this  reason,  it  is 
more    satisfactory    to    apply    the    watts-loss 


method  which  necessitates  a  knowled^je  of  the 
motor  windings  used. 

Where  centrifugal  friction  clutches  are  used, 
the  energy  loss  during  acceleration  is  di.ssi- 
])ated  as  heat  in  the  clutch.  Where  direct- 
connected  motors  are  used,  this  energy  loss 
is  in  the  motor  rotor  and  is  equal  to  the 
st(jred  energy  in  the  centrifugal  fjaskel  plus 
the  loss  due  to  friction  and  windage,  and  the 
motor  should  have  sufficient  material  in  its 
rotor  windings  to  prevent  excessive  heating 
during  this  period.  It  is  really  a  matter  of  the 
heat  storage  capacity  of  the  windings  and  no 
account  should  be  taken  of  the  rotor  lamina- 
tions as  there  is  not  sufficient  time  for  heat 
conduction  to  take  place  to  any  great  extent. 
With  squirrel-cage  motors  this  loss  is  all 
internal,  while  with  sli])-ring  motors  provided 
with  external  resistance  the  loss  is  partially 
internal  and  partially  external,  the  rotor  loss 
being  pro])ortional  to  the  percentage  total 
resistance  in  the  rotor  winding.  The  tem- 
perature rise  in  the  rotor  winding  should  not 
exceed  200  deg.  C.  during  the  accelerating 
period,  which  means  that  there  should  be 
one  pound  of  winding  for  every  83. (i  kw.-sec. 
loss  if  aluminum  is  used  or  one  pound  for  every* 
35.75  kw.-sec.  if  copper  is  used. 

Stored  energy,  Y2  Mv^,  may  be  expressed  in 
watt-sec.  as: 


4,339.000 


or  0.000231  WR-XW 


where 

ir  =  weight  of  revolving  element. 
i?  =  radius  of  gyration  in  feet. 
A's  =  maximum  or  synchronous  speed. 

This  formula,  however,  is  not  theoretically 
correct  for  calculating  rotor  losses,  as  it  gives 
values  approximately  two  per  cent  high,  and 
it  should  be  modified  somewhat  to  take 
account  of  the  motor  slip. 

l^a;^5t'c-.  =  0.000231  WR-y^Xf  u-s-) 

where 

5  =  per  cent  slip. 

The  friction  loss  may  be  taken  as : 

Watt-sec.  =  0.142   FtN   {\-Axg.    per   cent 
syn.  speed  during  acceleration), 
where 

F  =  average  pounds  torque  during  acceler- 
ation. 

<  =  accelerating  time  in  seconds. 

The  rotor  loss  during  acceleration  is  an 
important  factor  in  determining  the  motor 
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capacity,  but  the  losses  during  the  complete 
duty  cycle  should  also  be  considered. 
The  duty  cycle  consists  of: 

(1)  Accelerating  period, 

(2)  Running  period. 

(3)  Braking  period. 

(4)  Discharging  period. 

(5)  Rest  period. 

Since  the  radiating  capacity  of  a  given  motor 
depends  upon  the  speed  at  which  it  is  running, 
the  actual  time  must  be  shortened  to  take 
this  into  consideration.  At  full  speed  the 
radiation  is  considered  as  100  per  cent  and 
at  rest  25  per  cent;  during  acceleration  and 
braking  it  is  only  50  per  cent  and  at  low-speed 
running  it  is  practically  the  same  as  at  rest, 
i.e.,  25  per  cent. 

There  are  various  types  of  drive  which 
may  be  considered  and  have  been  used  during 
recent  years  for  this  service  although  they 
cannot  all  be  termed  satisfactory  in  the  hght 
of  present-day  practice.  These  types  may 
be  briefly  listed  as  follows : 

I.   Group  Drive. 
II.   Individual  Drive: 

(a)  Belt  Connection 

(1)  Over  Driven 

(a)  Horizontal  Motor 

(b)  Vertical  Motor 

(2)  Under  Driven 

(a)  Horizontal  Motor 

(b)  Vertical  Motor 

(b)  Direct  Connection 

(1)  Through      Centrifugal      Friction 
Clutch 

(a)  Overhead  Motor 

(b)  Suspended  Type  Motor  ' 

(2)  Through  Flexible  Coupling 

(a)  Overhead  Motor 

(b)  Suspended  Type  Motor 
Group     driven     centrifugals     may     utilize 

either  direct  or  alternating-current  motors, 
but  necessitate  a  line  shafting  with  clutch 
pulleys  for  each  centrifugal  to  take  care  of 
starting  and  stopping.  The  main  driving 
motor  runs  continuously  and  may  be  of 
considerably  smaller  capacity  than  the  com- 
bined motor  capacity  of  an  equal  number  of 
individual  motor-driven  machines,  since 
advantage  may  be  taken  of  the  load-factor. 
However,  the  Joelt  maintenance  is  necessarily 
high,  a  larger  amount  of  floor  space  is  required, 
and  the  rate  of  acceleration  may  vary  over 
wide  ranges  depending  on  the  condition  of  the 
belts  and  clutches.  The  actual  power  con- 
sumption in  kilowatt-hours  will  be  slightly 
more     than     on     individual     motor-driven 


machines  although  the  fluctuations  in  load 
will  be  smaller  as  the  torque  during  acceler- 
ation is  constant,  while  on  individually  driven 
machines  of  the  direct-connected  type  the 
torque  varies  throughout  the  accelerating 
period.  The  use  of  friction  clutches  on 
individually   driven   machines   permits    of   a 


Fig.  6.      Direct-driven  Centrifugal  Extractor  with  Squirrel-cage 

Induction  Motor.     A  type  used  extensively  in 

textile  works  on  long  duty  cycles 

constant  accelerating  torque  but  does  not 
eliminate  the  peak  load  during  starting, 
although  it  is  of  very  short  duration.  This 
method  of  drive  has  the  advantage  of  low 
first  cost,  but  it  is  rapidly  becoming  obsolete 
owing  to  its  disadvantages  and  the  present 
tendency  is  towards  individual  motor-driven 
machines  which  are  complete  units  in  them- 
selves. 

Of  the  individual  motor-driven  centrifugals 
there  are  many  types,  the  larger  portion  of 
which  are  for  alternating-current  operation. 
The  belt-driven  machines  are  of  two  types, 
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the  over-driven  and  the  under-driven;  the 
former  usually  em])l(iys  a  horizontal  motor 
with  helt-tij^ditener  head,  mounted  on  the 
floor  or  ceiling  and  operating'  IhrouKh  a 
quarter-turn  belt  as  illustrated  in  I^i},'-  •") 
while  the  latter  employs  either  a  horizontal 
motor  with  quarter- turn  helt  or  a  vertieal 
motor.  Sueh  machines  are  used  in  laundries, 
textile  mills,  shirt  and  collar  factories,  leather 
mills  for  dr_\inj;  hair,  machine  sho]js  for  metal 
dryinfi,  etc.,  and  operate  on  a  slow  cycle.  It 
was  the  practice  to  furnish  these  machines 
with  slip-ring  motors  owing  to  the  heavy 
starting  conditions,  but  they  are  now  being 
operated  almost  exclusively  with  squirrel-cage 
motors  of  the  high-resistance  rotor  t\-]je 
designed  for  throwing  directly  on  the  line. 
This  practice  is  entirely  satisfactory  and  is 
])ermissible  in  the  absence  of  low-speed 
discharging.  It  eliminates  the  use  of  starting 
resistances    and     permits     of    utilizing    the 


high-s])eed  motor,  which  is  of  lower  cost 
than  the  direct-connected  motor.  Belt 
maintenance,  although  reduced  to  a  minimum, 
is  slill  present.  Machines  of  this  tyjje  are 
now  being  built  for  textile  work,  etc.,  with 
direct-connected  motors  of  the  high-resistance 
squirrel-cage  tyjje,  either  over-driven  or 
under-driven. 

On  rajiid  duty  cycles,  such  as  are  en- 
countered in  sugar  mills  and  jjowder  mills, 
direct-connected  motors  are  invariably  used 
and  the  equijjment  is  of  two  distinct  types; 
viz.,  that  which  employs  the  centrifugal 
friction  clutch  interposed  between  the  motor 
and  the  centrifugal  basket  and  that  which 
employs  a  motor  without  such  a  device. 
With  the  centrifugal  friction  clutch,  a  motor 
of  the  squirrel-cage  type  may  be  used  and  it 
need  not  of  necessity  have  a  high-resistance 
rotor  for  reasons  stated  previously,  and  if 
the  unloading  is  done  by  hand  a  single-speed 


ct-connected  Under-drii 
furnished  with  or 


:n  Type  of  Centrifugal  Machine.     This  type  may  be 
without  centrifugal  friction  clutch 
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motor  is  all  that  is  required.  On  the  other 
hand,  if  mechanical  discharges  are  used  a 
two-speed  motor  becomes  necessary  in  order 
to  obtain  the  low  discharging  speeds  required. 
The  advantage  of  this  method  of  drive  lies 
in  the  smaller,  cheaper  motor,  which  is  due  to 
the  fact  that  the  motor  is  operating  at  nearly 
its  maximum  speed  during  the  accelerating 
period  and  has  lower  internal  losses  with  a 
greater  capacity  for  radiating  heat.  This 
advantage,  however,  may  be  off-set  by  the 
maintenance  on  clutch  shoes  and  the  loss  of 
time  incident  to  changing  them. 

The  control  for  this  type  of  centrifugal 
is  no  simpler  than  that  of  the  direct- 
connected  slip-ring  motor  whether  a  single- 
speed  or  a  two-speed  squirrel-cage  motor  is 
used,  since  a  permanent  secondary  resistance 
is  always  used  with  the  slip-ring  motor  and  this 
is  adjusted  to  give  the  desired  acceleration. 

Where  friction  clutches  are  not  used,  it  has 
been  the  practice  to  equip  centrifugals  with 


Fig.  8.     42-in.  Sugar  Centrifugal  with  Direct-connected 
Squirrel-cage  Motor  and  Centrifugal  Friction  Clutch 

slip-ring  motors  as  it  not  only  permits  of 
low-speed  operation  for  mechanical  unloaders 
but  also  allows  of  using  a  smaller  motor 
because  the  losses  are  external.  It  is,  however, 
possible  to  utilize  the  squirrel-cage  motor 
"where  unloading  is  accom])lished  by  hand,  but 


the  rapid  duty  cycle  necessitates  a  very  large 
motor  frame  in  order  to  dissipate  the  losses 
incident  to  acceleration.  In  spite  of  this  fact, 
the  squirrel-cage  motor  may  be  just  as  cheap 
as  the  slip-ring  motor  with  its  external 
resistance.     In  either  event  the  only  control 


Fig.  9.      Type  of  Motor  Used  for  Dii 
Sugar  Centrifugals 

required  is  a  single  line  contactor  and  master 
control  switch  with  one  additional  secondary 
contactor  for  low-speed  operation  when 
mechanical  dischargers  are  used.  This  is  the 
simplest  control  and  it  is  a  mistaken  idea  that 
automatic  control  with  its  accompanying 
auxiliaries  is  ever  needed.  From  the  stand- 
point of  power  consumption  there  is  practi- 
cally no  difference  between  the  direct- 
connected  motor  with  a  centrifugal  friction 
clutch  and  without  a  clutch;  there  is,  however, 
a  difference  in  the  shape  of  the  power  curve 
during  acceleration  since  the  use  of  a  cen- 
trifugal clutch  permits  the  motor  to  come 
rapidly  to  practically  its  full  speed.  Conse- 
quently the  peak  resulting  from  throwing  it 
on  the  line  disappears  in  about  five  seconds 
and  is  followed  by  a  constant  input  to  the 
motor  until  practically  full  speed  is  attained, 
while  on  the  direct-connected  motor  without 
a  clutch  this  peak  may  not  be  so  high  but  is 
sustained  for  a  longer  period  and  gradually 
decreases  until  full  speed  is  attained. 

The  direct-connected  slip-ring  motor  is 
naturally  a  little  more  expensive  than  the 
squirrel-cage  motor  with  a  clutch,  but  as 
there  are  no  wearing  parts,  maintenance  is  a 
minimum  and  the  rate  of  acceleration  is  fixed. 
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The  Continuous-rated  Motor  and  Its  Application 

I!\    L.  !■'.  Adams 

I'dWICR  and   MlNINi;    IvNClNKliRINi;    DlU'AKTMKNT,  (iHNKRAI,    IJ.IU   IKIC  C'oMI'ANV 

'I'lip  American  Institute  of  Electrical  Engineers  has  adopted  two  distinct  ratines  for  electric  motors,  viz., 
tlic  continuous  rating  and  tlic  short-time  rating.  This  article  thoroughly  describes  the 'continuous  rating 
system,  by  comparison  demonstrates  its  advantages  over  the  earlier  normal-plus-ovcrload 'system,  and  fully 
explains  its  application  in  iiracticc. — Editor. 


Nations,  various  groups  within  nations, 
communities,  and  individuals  arc  and  always 
liave  been  clashing — due,  chicfl.\-,  to  the  lack 
of  a  common  and  accurately  understood 
language.  The  possibility  of  obtaining  such 
a  language  is  problematical.  The  world  has 
progressed,  however,  in  various  branches  of 
standardization.  For  centuries  the  adoption 
of  fixed  standards  of  weights  and  measures 
has  been  of  unlimited  value.  The  industrial 
world,  also,  has  come  to  realize  the  benefits 
of  standardization;  and  during  the  first  part 
of  this  century  manufacturers  began  to  place 
their  production  on  a  quantity  basis  thus 
kiwering  overhead  charges,  reducing  stocks, 
simplifying  factory  methods,  tending  toward 
interchangeability  of  working  parts  and, 
most  important,  giving  better  service  to  the 
purchaser.  The  individualistic  method  of 
standardization,  however,  resulted  in  each 
inanufacturer  working  out  his  own  standards 
without  due  regard  to  those  of  others  and 
naturally  the  outcome  was  as  many  standards 
as  there  were  manufacturers.  Specifications 
written  along  this  idea  of  standardization 
called  for  apparatus  which  was  standard  for 
one  manufacturer  but  special  with  another. 

These  methods,  coupled  with  the  keen 
competition  of  recent  years,  created  a  general 
desire  on  the  part  of  all  for  a  common  standard. 
The  individualistic  method  of  standardization 
gave  way  to  collective  efTort.  In  the  electrical 
field  this  latter  idea  is  embodied  in  the 
Standardization  Rules*  of  the  American 
Institute  of  Electrical  Engineers. 

The  first  step  taken  by  the  Institute 
toward  the  standardization  of  electrical 
apparatus  was  in  1898,  and  finally  resulted 
in  the  acceptance  and  adoption  in  1899  of 
certain  rules  coalescing  the  knowledge  up  to 
that  time.  As  the  art  progressed,  it  was  found 
necessary  from  time  to  time  to  make  revisions 
and  in  1911,  under  the  direction  of  the 
Standards  Committee  of  the  Institute,  there 
was  undertaken  a  radical  revision  of  the 
rules.     Designing,  consulting,  and  operating 

♦Latest  edition,  revised  1918. 


engineers,  scientists,  electrical  societies,  manu- 
facturers, operating  companies,  users,  and 
other  interested  parties  were  consulted.  Co- 
o])erativc  action  by  these  parties,  represent- 
ing all  liranches  of  the  electric  power  and 
lighting  industry,  working  toward  a  common 
language  for  the  advancement  of  the  electrical 
industry  has  given  us  the  present-day  speci- 
fications or  Standardization  Rules  of  the 
American  Institute  of  Electrical  Engineers. 
These  standards,  it  is  worthy  to  note,  are 
substantially  the  same  as  those  which  have 
also  been  adopted  by  the  majority  of  elec- 
trical societies  that  occupy  similar  positions 
in  other  countries. 

The  Institute  Rules  make  certain  definite 
recommendations  covering  electric  machinery 
and  apparatus.  The  following  discussion 
will  be  confined  to  an  interpretation  of  these 
standards  as  applied  to  motors  and  to  motor 
applications. 

During  the  past  few  years  many  important 
improvements  have  been  introduced  in  motor 
construction,  such  as  the  addition  of  com- 
mutating  poles  in  direct -current  machines 
to  improve  commutation,  better  methods 
of  insulating  the  windings  to  resist  puncture, 
elimination  of  excessive  hot-spots  by  the  use 
of  internal  directive  ventilation,  etc.  These 
improvements  have  assured  a  uniformity  of 
product  which  formerly  would  not  have  been 
considered  within  practical  limits. 

Similar  advances  have  been  achieved  in 
the  application  of  motors  and  the  use  of  the 
control  best  suited  for  any  particular  pur- 
pose. In  the  pioneer  days,  motors  were 
usually  substituted  for  other  forms  of  power 
with  but  one  thought  in  mind — to  have  the 
motor  large  enough.  The  vast  amount  of 
data  now  available  as  to  the  power  require- 
ments of  various  machines,  the  large  number 
of  well-trained  men  now  engaged  in  the 
application  of  motors,  and  the  unusual  desire 
to  do  things  better  today  than  yesterday, 
means  that  motors  must  now  be  selected  and 
applied  with  a  greater  degree  of  accuracy  than 
was  considered  essential  in  the  earlv  davs. 
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It  is  better  to  have  a  motor  under  loaded 
than  so  heavily  loaded  that  it  cannot  operate 
successfully.  On  the  other  hand,  there  is  no 
real  advantage  in  selecting  a  size  and  type 
of  motor  which  is  unduly  large  or  expensive 
for  the  work.  The  selection  of  an  unduly 
large  motor  means  a  larger  outlay  in  first 
cost  and  a  higher  yearly  charge  for  power 
because  of  the  lower  average  operating 
efficiency.  In  the  case  of  alternating-current 
motors,  over-motoring  lowers  the  power- 
factor,  requires  a  more  expensive  trans- 
mission line  and  larger  generators,  and  causes 
poor  regulation  and  greater  line  losses. 
Finally,  the  unused  capacity  of  the  motor  is 
without  resulting  benefit  to  anyone. 

What  are  the  requirements  for  a  successful 
operating  motor?  A  motor  produces  torque 
and  speed,  the  two  elements  required  to 
drive  any  load.  The  load  requirements  have 
certain  variations  in  the  relations  of  torque, 
speed,  and  time.  Consideration  must  also 
be  given  to  the  operating  temperature.  We 
therefore  define  a  successfully  operating  motor 
as  one  of  such  size  and  design  as  will  readily 
start  and  accelerate  any  reasonable  load  for 
which  the  driven  machine  may  be  called  upon 
to  sustain,  carry  any  reasonable  overload  that 
maybe  imposed  on  the  machine,  and  be  capable 
of  carrying  the  normal  load  for  the  period  of 
time  required  without  exceeding  a  temperature 
of  90  deg.  C.  as  measured  by  thermometer. 

The  first  point  to  consider  in  the  selection 
of  a  motor  is  the  starting  and  accelerating 
torque.  For  convenience  the  starting  torque 
or  turning  movement  of  a  motor  is  frequently 
spoken  of  in  terms  full -load  torque.  For 
greater  accuracy,  it  is  obviously  better  to  use 
the  actual  torque  developed  by  the  motor  at 
standstill  expressed  in  pound-feet.  After 
the  starting  torque  requirement  of  the 
driven  machine  has  been  determined,  the 
ratio  of  starting  torque  to  normal  torque 
should  be  noted.  The  ratio,  if  relatively 
large,  indicates  that  a  compound  or  series- 
wound  direct-current  motor  will  be  preferable 
to  a  shunt-wound  machine,  or  that  a  slip-ring 
or  high -resistance  rotor  alternating-current 
motor  should  be  selected  in  preference  to  the 
standard  squirrel-cage  motor.  Substantially 
the  same  method  may  be  used  for  services 
requiring  very  frequent  starting.  Careful 
consideration  of  the  starting  and  accelerating 
torques  frequently  permits  the  selection  of  a 
motor  of  smaller  horse-power  rating  than 
would  otherwise  be  employed. 

The  next  question  is  one  of  peak  load.  This 
is  usually  expressed  as  a  percentage  of  full- 
load  torque.    Here,  too,  it  is  better  to  express 


this  torque  in  pounds  at  one-foot  radius  as 
this  expression  eliminates  the  full-load  speed 
which  is  a  variable.  Ample  margin  must  be 
allowed  between  the  requirements  of  the 
driven  machine  and  the  maximum  torque 
developed  by  the  motor.  The  maximum 
running  torque  which  the  motor  will  deliver 
without  undue  drop  in  speed  is  usually  of 
greater  importance  than  the  maximum  horse- 
power output,  because  in  many  applications 
a  slight  drop  in  speed  on  the  peaks  is  advan- 
tageous for  the  inertia  or  fly-wheel  effect  in 
the  driven  machines  assists  in  carrying  the 
load  over  that  peak. 

Another  point  of  interest  in  the  selection 
of  a  motor  is  the  horse-power  rating.  This 
will  be  largely  a  measure  of  the  motor's 
ability  to  do  the  required  work  for  the 
specified  period  without  exceeding  the  safe 
heating  limits  or  violating  other  requirements 
of  successful  operation,  such  as  good  com- 
mutation. 

Heating  in  motors  is  primarily  of  interest 
only  as  it  affects  the  life  of  insulation.  The 
heating  standard  must  be  in  the  form  of  a 
limiting  temperature,  this  limit  to  be  suffi- 
ciently low  that  insulation  continuously 
subjected  thereto  will  not  deteriorate,  in  so 
far  as  its  insulating  qualities  are  concerned. 
Evidently  the  logical  upper  limit  should  be 
based  on  the  ultimate  temperature  at  which 
the  motor  is  to  be  operated,  since  it  is  above 
this  that  the  insulation  begins  to  weaken. 
After  careful  investigation,  supported  by 
tests,  and  in  the  light  of  practical  experience, 
the  American  Institute  of  Electrical  Engineers 
has  set  a  temperature  o  deg.  C.  above  that  of 
boiling  water,  i.e.,  105  deg.  C,  as  a  conserv- 
ative and  safe  limit  for  the  temperature  at 
which  treated  fibrous  insulation  can  be  used 
without  deterioration.  The  question  arises: 
Would  insulation  last  longer  at  a  lower  tem- 
perature? Experience  indicates  a  negative 
answer.  This  is  to  be  expected,  because  even 
the  highest  permitted  temperature  is  well 
below  the  danger  zone.  The  American  Insti- 
tute of  Electrical  Engineers  in  its  Standard- 
ization Rules,  .Section  302,  states: 

"There  does  not  appear  to  be  any  advan- 
tage in  operating  at  lower  temperatures  than 
the  safe  limits,  so  far  as  the  life  of  the  insula- 
tion is  concerned.  Insulation  may  break 
down  from  various  causes,  and  when  these 
breakdowns  occur  it  is  not  usually  due  to 
the  temperature  at  which  the  insulation  has 
been  operated,  provided  the  safe  limits  have 
not  been  exceeded." 

Having  established  a  suitable  upper  limit, 
the  next  step  was  the  selection  of  a  conserv- 
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ativo  standaril  for  tin-  I'ooliiij,'  incdiiini,  or 
surroundiiiK  air  U'in)nTaluri',  or  as  it  is  i-allr»i 
in  the  Instiluto  ruk'S,  tlu'  "ambient  tcni- 
])eraturc."  Tlie  value  Sftllcd  ujion  by  the 
Institute  is  -10  de};.  C.  In  a  buildinj^  this 
represents  an  extraordinarily  hot  day  or  a 
very  highly  heated  room  for  ordinary  indus- 
trial purposes.  It  is  a  teni])erature  ajj- 
proachcd  in  all  jiarts  of  the  temi)erate  zone 
at  some  time  during  the  year.  It  is  improb- 
able that  the  average  standaril  motor  will 
normalh'  be  required  to  operate  in  tempera- 
tures as  high  as  4U  deg.  C.  for  any  considerable 
period  of  time.  For  all  except  the  hot  days 
of  summer.  '2\  deg.  C.  very  closely  represents 
the  average  mean  room  temperature.  There- 
fore, under  normal  conditions,  m.otors  will 
seldom  operate  under  as  high  an  ambient 
temperature  as  has  been  proposed,  and  the 
value  selected  is  consequently  very  conserv- 
ative. Incidentally,  in  the  International 
conferences  on  standardization  previous  to 
liM4,  practically  all  other  electrical  societies 
agreed  in  recommending  40  deg.  C.  as  the 
ambient  temperature,  but  two  countries  of 
Xorthem  Europe  held  out  for  the  less  con- 
ser\-ative  ambient  temperature  of  3o  deg.  C. 
There  are  places  where  conditions  are  unusual, 
where  the  ambient  temperature  will  be  higher 
than  40  deg.  C.  It  is  evident  that  such 
cases  should  be  treated  as  out  of  the  ordinary, 
and  special  motors  designed  to  meet  these 
conditions.  It  will  be  recalled  that  the  former 
ambient  temperature  was  2.5  deg.  C,  cor- 
responding not  to  maximum  conditions  but 
to  average  conditions. 

From  what  has  preceded  it  is  evident  that 
the  motor  manufacturer  in  following  the 
Institute  standards  can  design  his  motor  for 
any  temperature  rise  which,  based  on  an 
ambient  temperature  of  40  deg.  C  will  not 
exceed  105  deg.  C,  i.e..  (55  deg.  rise.  It 
should  be  borne  in  mind,  however,  that  the 
temperatures  so  far  used  are  the  external  or 
observable  temperatures  of  the  motor  and 
no  allowance  has  been  made  for  the  greater 
heating  of  the  interior  and  inaccessible  parts. 
It  is  ver\-  difficult  to  measure  internal  tem- 
perature by  ordinary  thermometers,  and  thus 
the  ultimate  temperature  of  motors  or  the 
actual  temperature  rise  is  arrived  at  by 
assuming  that  the  hottest  spot  in  any  part 
of  a  well-designed  motor  will  have  a  tempera- 
ture not  more  than  a  certain  definite  number 
of  degrees  above  that  of  the  obser\-able 
temperature  of  the  same  part.  The  Insti- 
tute's allowance  for  the  difference  is  15  deg. 
C.  for  open-type  motors.  This  would  apply 
to  thermometer  readings  for  ultimate  as  well 


as  for  temperature  rises.  In  other  words,  the 
ultimate  observable  teni))erature  is  90  dej;. 
C.  for  treated  fibrous  materials  or  a  tem- 
])erature  rise  of  .50  deg.  C.  above  ambient 
temjierature.  On  totally  enclosed  motors 
there  is  less  difference  between  the  hottest 
spot  and  the  observable  temperature  so  that 
10  deg.  C.  is  a  fair  allowance  for  enclosed 
motors.  Therefore,  the  obser\-able  tem- 
Ijerature  rise  permitted  for  open  motors  is 
.50  deg.  C,  and  for  totally  enclosed  motors, 
.5.5  deg.  C.  While  in  some  designs  the  per- 
missible temperature  rise  is  decidedly  the 
limiting  feature,  in  other  designs  the  require- 
ments of  other  conditions  will  result  in  a  lower 
temjjerature  rise. 

It  might  appear  that  a  motor  which  has 
a  temperature  rise  of  40  deg.  C.  will  have  a 
longer  life  than  one  designed  for  .50  deg.  C. 
As  previously  pointed  out.  this  is  not  true 
because  the  limit  adopted  by  the  Institute 
for  the  ultimate  temperature  is  well  below  that 
point  at  which  deterioration  of  the  insulation 
will  take  place.  The  situation  in  this  case 
is  roughly  analogous  to  the  amount  of  heat 
required  to  produce  steam.  If  the  quantity 
of  heat  is  such  that  the  temperature  of  water 
never  exceeds  90  deg.  C.  no  matter  how  long 
it  is  applied,  no  steam  will  result  because  the 
water  has  not  reached  the  boiling  point.  In  a 
like  manner  deterioration  in  insulation  will 
not  occur  until  its  critical  point,  analogous 
to  the  100  deg.  C.  for  boiling  water,  is  reached. 

In  case  the  ambient  temperature  is  under 
40  deg.  C. — say  20  deg. — it  might  seem,  that 
the  motor  could  be  operated  at  a  greater 
temperature  rise.  This  is  possible  in  some 
cases  but  a  ver\-  dangerous  policy  and  the 
Institute  rules  do  not  sanction  such  loads  as 
shall  occasion  in  the  insulation  a  temperature 
rise  in  excess  of  50  deg.  C.  This  is  a  matter 
of  such  importance  as  to  justify  reproducing 
from  the  Institute  rules  the  text  of  Section 
305A,  which  follows; 

"Whatever  may  be  the  ambient  tem- 
perature when  the  machine  is  in  ser\rice, 
the  limits  of  the  maximum  obser\-able  tem- 
perature or  of  temperature  rise  specified  in 
the  rules  should  not  be  exceeded  in  ser\"ice; 
for.  if  the  maximum  temperature  be  exceeded, 
the  insulation  may  be  endangered,  and  if  the 
rise  be  exceeded,  the  excess  load  may  lead 
to  injury,  by  exceeding  lim.its  other  than  those 
of  temperature ;  such  as  commutation,  stalling 
load  and  mechanical  strength.  For  similar 
reasons,  loads  in  excess  of  the  rating  should 
not  be  taken  from  a  machine." 

With  reference  to  horse-power  rating,  the 
Institute  has  adopted  two  distinct  ratings — 
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one  a  continuous  rating,*  the  other  a  short- 
time  rating.  The  meaning  of  the  first  is 
self-evident.  The  second  will  be  reviewed. 
It  is,  briefly,  the  equivalent  output  which  a 
motor  can  deliver  for  a  specified  time,  such 
as  during  5,  10,  15,  30,  60  or  120  minutes, 
without  exceeding  a  temperature  rise  of  50 
deg.  C.  provided  that,  after  each  run  and 
before  starting  on  the  next  run,  the  motor 
be  allowed  to  cool  to  within  5  deg.  of  the 
ambient  temperature.  It  is  also  understood 
that  the  motor  must  operate  without  violating 
the  requirements  of  successful  operation,  such 
as  commutation,  sufficient  starting  and  maxi- 
mum torque,  suitable  mechanical  strength, 
etc.  The  short-time  rating  is  primarily  a 
method  of  expressing  a  thermal  equivalent. 
For  example,  motors  built  to  operate  valves 
are  frequently  given  a  five-minute  short -time 
horse  power  rating  because  the  operations 
are  normally  intermittent  and  the  principal 
requirements  are  with  reference  to  mechanical 
strength,  torque  and  commutation.  Crane 
motors  are  similarly  rated  on  an  equivalent 
30-minute  basis — since  crane  motors  are 
operated  for  longer  periods  of  time  than  valve 
motors,  although  somewhat  similar  torque 
characteristics  are  required.  Machine  tools, 
compressors,  etc.,  are  frequently  rated  on  a 
60  or  120-minute  basis,  as  the  period  of 
operation  and  the  duty  cycle  of  the  load  is 
such  as  to  make  this  a  close  heating  equiva- 
lent. A  machine  tool,  for  example,  might  be 
operated  for  a  longer  period  than  specified, 
but  the  periods  of  heavy  load  and  light  load 
must  be  such  that  the  ultimate  heating  of  the 
motor  will  be  closely  equivalent  to  the  rated 
horse  power  for  the  time  stated. 

it  sometimes  happens  that  some  certain 
requirements  may  prove  a  limiting  factor  in 
rating  a  motor,  with  the  result  that  all  the 
other  factors  have  an  unnecessary  margin 
between  these  values  and  those  recognized  as 
safe  standards.  Where  heating  is  the  limiting 
factor  in  the  rating  or  selection  of  a  motor,  the 
horse  power  rating  may  be  said  to  represent 
simply  the  equivalent  load  which  produces  the 
same  heating  as  would  accrue  under  full 
normal  load  in  continuous  operation.  LTnder 
these  conditions,  a  lU-h.p.  motor  which  will 
develop  10  h.p.  for  the  period  of  time  specified 
without  exceeding  the  predetermined  safe 
heating  limits,  or  it  will  carry  a  varying  load 
which  will  result  in  the  same  or  lower  ulti- 
mate temperature  for  the  period  in  question. 
As  an  example,  consider  a  10-h.p.  continuous- 
rated  motor.     Suppose  a  duty  cycle  of  9.5  h.p. 

*  Throughout  the  remainder  of  this  article,  "continuous  rat- 
ing" will  mean  a  motor  that  will  operate  continuously  without 
exceeding  a  temperature  rise  of  50  deg.  C. 


90  per  cent  of  the  time  is  to  be  imposed  on 
this  motor;  the  other  ten  per  cent  to  consist 
of  momentary  loads  of  13  h.p.  and  under- 
loads of  3  to  7  h.p.  The  heating  effect  on  the 
motor  due  to  this  duty  c^'cle  would  be  about 
the  same  as  if  10  h.p.  was  delivered  continu- 
ously. It  should  be  borne  in  mind,  however, 
that  the  variations  of  current,  rather  than  the 
actual  variations  of  mechanical  load,  must  be 
used  in  determining  the  heating  equivalent. 
It  should  also  be  noted  that  while  a  10-h.p. 
continuous-rated  motor  would  meet  the  heat- 
ing limitations  it  would  not  be  satisfactory 
unless  the  starting  and  maximum  running 
torque  available  were  ample  to  meet  the  start- 
ing and  running  overloads  imposed  on  the 
motor,  and  that  successful  commutation  should 
not  be  exceeded. 

The  capacity  and  rating  of  the  machine 
although  frequently  used  interchangeably 
are  not  synonymous  terms,  according  to 
the  Institute.  The  capacity  of  the  machine 
is  the  maximum  output  which  it  can  success- 
fully deliver  for  a  stated  period.  The  rating 
of  the  machine  is  the  output  stamped  on  the 
name  plate.  The  maximum  limit  for  this 
rating  is  the  capacity  of  the  machine.  There 
is  no  minimum  limit. 

The  purchaser  is  usually  interested  in 
knowing  all  the  facts  about  the  possibilities 
of  the  machine  that  he  is  buying;  i.e.,  the 
capacity  of  the  machine  consistent  with  the 
requirements  of  starting  torque,  maximum 
running  torque,  and  similar  factors.  This 
logically  means  that  the-  name-plate  rating 
stated  in  the  accepted  even  ratings  should 
closely  correspond  with  the  capacity  rating. 
Such  a  rating  has  been  referred  to  as  a  con- 
tinuous or  50-deg.  rating.  Possibly  the  term 
capacity  rating,  within  the  limits  above  speci- 
fied is  the  most  descriptive. 

It  is  obvious  that  the  system  which  has 
been  widely  followed  in  the  past,  of  giving 
a  normal  continuous  rating  with  25  per  cent 
overload  for  two  hours,  is  not  a  capacity  but 
a  fractional  rating,  and  that  it  represents 
but  one  form  of  duty  cycle.  Under  this 
method  of  rating,  a  10-h.p.  motor  will  carry 
10  h.p.  continuously  with  a  temperature  rise 
of  40  deg.  C,  and  at  any  time  during 
such  operation  will  carry  12J^^  h.p.  for  two 
hours  with  a  temperature  rise  of  55  deg.  The 
temperature  rise  in  these  few  hours  is  only 
a  few  degrees  less  than  the  ultimate  tem- 
perature which  will  be  attained  in  eight  or 
ten  hours.  Consequently,  the  capacity  of 
such  a  machine  (providing  the  rating  does 
not  under  or  over  state  the  possibility  of  the 
machine)  would  be  about  ll^g  h.p.  continu- 
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ously  or  a  short -lime  ralinj,',  for  'M)  miiiulos, 
of  a])proxiiiKili'ly  lo  h,]).  This  exanipk'  illus- 
Irates  that  a  continuous  or  oa|)acily  rated 
motor  is  olasseil  roiiservatively  witli  refcri'me 
to  heatinjj;,  since  tlie  temperature  rise  for  sucii 
an  t)i)en  motor  is  hmited  to  .")()  dej^.  C.  Whereas 
the  temperature  rise  on  a  2.)  per  cent  over.- 
loadetl  motor  is  (he  de>,'rees  hi^'her,  i.e.,  ."),"> 
dcjj.  C. 

It  must  iu)t  he  oserlooked,  however,  that 
the  intent  of  the  Institute  rules  is  not  to 
require  a  oO-dejj.  rise  but  to  fix  it  as  a  limit 
for  good  engineering  practice.  Designing 
engineers  have  long  recognized  that  a  tem- 
jicraturc  rise  of  .3.5  deg.  in  itself  was  absurdly 
low,  but  the  object  in  operating  at  such  low 
temperature,  measured  on  a  part  of  the  motor 
accessible  for  the  application  of  a  ther- 
mometer, was  simply  to  protect  the  motor 
in  the  hot  spots  where  the  temperature  could 
not  be  measured.  It  had  been  found  by 
experience  that  there  were  hotter  parts  in 
the  motor  than  were  indicated  by  ther- 
mometer readings.  For  this  reason  the 
exposed  parts  of  the  winding  not  infrequently 
showed,  by  thermometer,  comparatively  small 
temperature  rises  of  2.5  to  35  deg.  Therefore, 
because  the  temperature  rise  was  so  small,  it 
became  the  fashion  to  call  for  35-deg.  rise 
motors  and  no  doubt  the  users  never  knew 
the  real  meaning  of  such  low  temperatures. 
Improvements  in  insulating  material,  more 
modern  methods  of  preparing  and  applying 
the  insulation,  together  with  the  knowledge 
of  hot  spots  gained  for  tests  and  experience 
have  contributed  to  the  Institute  recog- 
nizing 50  deg.  as  being  the  safe  upper  limit. 
The  rules  do  not,  however,  require  the  motors 
to  be  so  designed  as  to  actually  have  this 
temperature  rise.  Without  doubt,  designing 
engineers  will  retain  a  safe  margin  below  .50 
deg.  rise  in  the  continuous-rated  motors. 

Other  factors  will  also  enter  to  increase  this 
margin  of  safety.  Usually  the  ambient 
temperature  will  be  below  40  deg.  C.  thereby 
insuring  additional  safety.  Many  motors 
are  running  today  shamefully  underloaded  and 
it  is  to  be  expected  that  numerous  applica- 
tions in  the  future  may  be  at  less  than  the 
rated  load  of  the  motor  although  it  is  hoped 
that  the  universal  disposition  to  underload 
will  be  overcome  to  a  great  extent  in  applying 
continuous-rated  motors.  Analyses  made  by 
various  power  companies  have  indicated  that 
motors  are  from  20  to  25  per  cent  larger  than 
necessary  causing  the  installatioii  of  excess 
transformer  capacity  and  running  up  invest- 
ment costs.  Numerous  motors  are  driving 
a  number  of  machines  each  having  its  own 


duty  cycle  (such  as  a  machine  shojj;  and 
investigations  have  shown  that  in  most 
applications  of  group  drive,  as  well  as  in 
some  cases  of  indivirlual  drive,  the  demand- 
factor  is  less  than  100  per  cent.  Evidently 
such  operation  will  also  increase  the  margin 
of  safety. 

Compare  the  factor  of  safety  of  a  motor 
rated  in  the  old  way  with  that  of  a  motor 
rated  in  the  new.  Was  the  purcha.ser  any 
better  off?  No,  because  the  intended  margin 
was  not  sufficiently  definite.  A  motor  of  a 
certain  rating  with  a  certain  overload  guar- 
antee gives  much  less  idea  what  can  be 
obtained  from  the  machine  than  a  motor 
rated  on  the  continuous  basis.  By  the  old 
method  a  motor  was  capable  of  carrying  25 
per  cent  overload.  If  the  load  is  steady  and 
there  is  no  overload,  25  per  cent  of  the  possible 
output  of  the  motor  is  wasted  and  the  motor 
is  larger  than  necessary.  If  it  happens  that 
the  average  load,  equal  to  the  rated  load. 
fluctuates  up  or  down  ten  per  cent,  there  still 
remains  an  unnecessary  margin  of  15  per  cent. 
If  the  load  varies  50  or  100  per  cent,  the 
margin  of  25  per  cent  is  worthless  and  the 
motor  would  in  all  probability  burn  out.  To 
drive  a  load  requires  a  certain  maximum 
horse-power  output.  Under  the  old  method 
of  determining  the  size  of  a  motor,  it  was 
customary  to  deduct  25  per  cent  from  the 
maximum  output  required  by  the  machine 
the  motor  was  to  drive  and  thus  arrive  a: 
the  normal  rating  of  the  motor.  The  new 
method  of  rating  simplifies  the  determination 
by  omitting  the  25  per  cent  overload,  which 
is  not  really  overload,  and  merely  stating  the 
maximum  load  is  so  much  and  therefore  the 
motor  is  rated  at  that  load. 

This  new  and  simplified  method  of  rating 
places  on  the  purchaser  the  burden  of  deter- 
mining the  appropriate  margin  to  be  pro- 
vided. The  industry  is  far  enough  advanced 
so  that  the  users  are  capable  of  selecting  their 
own  margin.  The  application  engineers  of 
today  are  fully  conversant  with  the  diversified 
requirements  of  the  industry,  so  that  they 
will  have  no  difficulty  in  selecting  the  proper 
motor  for  each  specific  case.  There  is  no 
excuse  for  guessing  at  the  duty  a  motor  must 
fulfill.  Twenty  years  of  education  should 
have  taught  the  user  how  to  make  allowance 
for  the  conditions  he  has  to  meet.  The  new 
method  of  rating  assists  both  the  seller  and 
the  buyer  by  defining  more  completely  the 
capability  of  the  motor. 

Some  confusion  exists  due  to  the  impression 
that  continuous-rated  motors  will  not  stand 
an\"  overload.    The  motors  are  guaranteed  to 
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stand  50  per  cent  momentarj-  overload  but 
they  are  not  guaranteed  for  any  overloads 
which  in  heating  effect  are  equivalent  to 
greater  than  their  rated  output,  i.e.,  that 
will  cause  the  motor  to  exceed  a  50-deg.  C. 
rise  at  any  time.  In  case  a  motor  is  subjected 
to  peak  loads  in  excess  of  the  ordinary  load 
and  the  peak  endures  for  more  than  a  short 
time,  it  must  be  included  in  the  rating.  If, 
however,  the  peak  load  lasts  for  brief  periods 
only,  the  rating  must  be  sufficiently  above 
the  ordinary  load  to  give  a  continuous  thermal 
equivalent  to  that  required  on  the  brief  peak 
loads  without  exceeding  the  permissible  tem- 
perature limits.  From  the  explanation  of  the 
short-time  rating  it  is  obvious  that  the 
machine  will  actually  carry  overloads  within 
the  maximum-torque  capacity  of  the  machine, 
but  the  heating  equivalent  must  be  within 
the  limits  specified  or  the  motor  will  not  be 
used  within  the  conditions  specified  in  the 
guarantees. 

It 'is  common  practice  to  rate  generators 
on  a  continuous  basis.  During  the  past  ten 
years  such  generators,  particularly  those  for 
connection  to  steam  or  water  turbines,  or  gas 
engines,  have  been  purchased  very  generally 
on  the  basis  of  a  50-deg.  C.  rise.  The  ten- 
dency is  to  rate  the  machine  at  the  highest 
point  it  can  be  operated  at  safely  in  con- 
tinuous service,  thus  getting  the  maximum 
output  possible  from  the  investment.  In 
case  a  margin  for  overload  is  desired,  it  is 
necessary  to  increase  the  rating  of  the  machine 
so  that  the  name-plate  rating  equals  the  maxi- 
mum load  desired.  However,  transactions 
arise  where  it  is  necessary  to  rate  the  gen- 
erators on  a  40-deg.  C.  basis  and  in  these 
instances  the  rating  is  taken  as  8.33^  per  cent 
of  the  rating  as  a  continuous-rated  machine. 

In  this  same  manner  it  will  be  possible  to 
tell  the  capabilities  of  a  continuous-rated 
motor  operating  on  a  40-deg.  C.  basis.  For 
example,  a  10-h.p.  continuous-rated  motor 
will  without  change  operate  successfulh'  as 
a  S.33-h.p.,  40-deg.  C.  motor  and  as  such  will 
be  capable  of  sustaining  an  overload  up  to  10 
h.p.  with  50-deg.  C.  rise.  This  is  a  scientif- 
ically correct  method  and  the  only  equitable 
one  for  obtaining  a  40-deg.  C.  rating  from  a 
continuous-rated  motor.  The  objection  is 
that  when  applied  to,  the  continuous-rated 
motor  in  standard  ratings  it  gives  odd  ratings 
instead  of  the  even  ratings  to  which  we  are 
accustomed.  However,  it  is  not  necessary 
to  place  the  odd  rating  on  the  name  plate. 
All  motors  sold  today  have  a  name  plate 
showing,  among  other  factors,  the  horse 
power   and    corresponding   temperature   rise. 


Therefore,  mark  all  name  plates  with  the 
continuous  rating  and  let  it  be  universally 
understood  that  the  40-deg.  C.  rating  is 
833^3  per  cent  of  the  name  plate  rating  of  a 
continuous-rated  motor. 

Another  method  of  obtaining  the  40-deg. 
G.  rating  from  the  continuous-rated  motor  is 
to  "derate"  to  the  next  even  rating.  This 
means  a  10-h.p.  continuous-rated  motor 
becomes  a  73-^-h.p.,  40-deg.  C.  motor.  Fol- 
lowing this  method  through  the  line  of  even 
ratings  gives  ratios  of  66,  75,  80,  or  S3  per 
cent.  It  is  quite  evident  that  this  is  not  the 
right  method  of  procedure,  as  at  a  40-deg. 
C.  rating  the  motor  contains  more  material 
than  is  necessary  to  justify  .the  designated 
rating.  Such  a  sj'stem  of  rating  is  entirely 
wrong  as  it  is  a  direct  blow  at  the  conserva- 
tion of  material — recently,  a  very  important 
matter. 

Under  the  new  system,  the  continuous- 
rating  system,  the  purchaser  will  know  exactly 
what  he  is  getting  and  pay  for  that  only. 
Just  a  little  thought  will  enable  the  pur- 
chaser, his  engineers,  or  the  application 
engineer  to  select  the  proper  size  and  type  of 
motor.  In  the  transition  period,  however,  it 
should  be  realized  when  applying  these 
motors  that  it  is  particularly  unwise  to  assume 
that  because  a  10-h.p.  motor  with  25  per  cent 
overload  for  two  hours  did  the  work,  a  motor 
of  the  same  continuous  capacity  will  do  the 
same  work.  It  may  or  may  not,  depending 
entirely  upon  the  starting  and  maximum  load 
requirements  and  the  heating  equivalent  of 
the  cycle  of  duty,  but  it  should  be  fully 
realized  that  the  motor  will. carry  its  rated 
load  continuously  with  as  great  a  factor  of 
safety  as  will  a  motor  guara:nteed  to  carry 
25  per  cent  overload  for  two  hours,  and  it 
will  have  equally  long  life  and  be  equally 
reliable. 

Primarily,  the  manufacturer  must  make  a 
safe  motor  for  a  specified  service.  The  con- 
tinuous rating  and  the  50-deg.  C.  rise  pro- 
posed is  simply  a  method  of  stating  more 
clearly  and  more  definitely  than  ever  before 
just  what  the  motors  will  do  and  giving  the 
purchaser  the  maximum  benefit  of  the  ma- 
terial of  which  the  motor  is  built.  The 
difficulty  which  some  have  experienced  in 
facing  this  new  system  is  chiefly  a  mental  one, 
for  the  same  factors  as  formerly  will  have  to 
be  taken  into  consideration  and  the  pur- 
chaser must  place  before  the  manufacturer 
the  conditions  under  which  the  motors  will 
be  required  to  operate  in  the  same  way  that 
he  does  at  present.  After  all,  the  motor  and 
not  the  name  plate  is  to  be  operated- 
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GENERAL    ELECTRIC 
REVIEW 


THE  ELECTRIFICATION  OF  MAIN  LINE  RAILROADS 


The  article  ijublislied  in  this  issue  under  tlic 
above  hcadinj^  jjives  ample  food  for  some 
profitable  thought.  Although  the  writers 
state  "we  ilo  not  jiropose  to  su{:;j^est  that  all 
the  railroads  in  this  country  will  ever  be 
operated  electrically,  certainly  not  within  a 
reasonable  time  *  *  * " — )_]■,£  very  pre- 
sentation of  the  facts  they  give  start  the 
reader  wondering  how  close  we  shall  approach 
the  com]5lete  electrification  of  our  transporta- 
tion facilities  during  his  lifetime. 

The  range  of  electrical  apparatus  developed 
to  date  for  traction  purposes  is  such  that, 
from  an  engineering  standpoint,  there  is  no 
railroad  division  in  the  country  that  could 
not  be  successfully  equipped.  This  leaves 
the  extension  of  the  electrification  of  our 
steam  railroads  entirely  dependent  upon 
economic  considerations,  so  when  we  start 
speculating  on  the  possible  degree  of  the 
extension  of  electrification  it  is  only  necessary 
to  consider  "Will  it  Pay"?  In  this  con- 
nection it  should  be  constantly  borne  in  mind 
that  "Will  it  Pay"  was  not  the  consideration 
which  governed  some  of  our  most  notable 
electrification  undertakings  in  the  past,  but 
that  the  inherent  limits  of  the  steam  loco- 
motive in  city  terminals  and  tunnels  forced 
the  change.  After  the  change  was  made  it 
was  found  that  it  did  pay. 

The  authors  state  that,  on  a  single  track 
basis,  including  ,50,000  miles  of  trolley  line, 
there  are  approxim.ately  4.50,000  miles  of 
track  in  the  United  States  and  that  there  are 
8,300  miles  of  track  over  which  electric  loco- 
motives are  hauling  passengers  and  freight. 
That  is  to  say,  there  are  8,300  miles  eqtdpped 
for  heavy  electrical  traction.  This  leaves  a 
possible  mileage,  on  a  single  track  basis,  of 
441,700,  including  all  steam  lines  and  trolley 
lines,  which  may  yet  be  equipped  for  heavy 
electrification.  Many  miles  of  city  trolley 
lines  will  never  require  such  equipment,  so 
for  lack  of  exact  data  let  us  assume  that  there 
are  approximately  400,000  miles  of  single 
track  in  the  United  States  that  could  be 
electrified  H  it  pays. 

The  question  is  how  much  ■s^^ll  it  pay  to 
electrify'"  This  question  will  have  a  difterent 
answer  each  year.     From  a  purely  National 


point  of  view  the  number  of  miles  that  it  will 
pay  to  electrify  will  increase  each  year, 
because  one  of  the  greatest  arguments  for 
electrification,  but  one  which  has  only 
recently  been  brought  forward,  will  be  better 
realized  each  year,  namely,  the  conservation 
of  our  Xational  Fuel  Resources. 

In  1!M4  our  railroads  hauled  about  1,000,- 
000,000,000  ton  miles  and  consumed  an 
equivalent  of  140,000,000  tons  of  coal,  a  truly 
big  expenditure  of  such  valuable  National 
resources  as  oil  and  coal.  Had  all  this  work 
been  done  electrically  100,000,000  tons  of 
coal,  or  its  equivalent  in  oil,  could  have  been 
saved  in  twelve  months.  How  much  of  this 
100,000,000  tons  of  coal  can  we  save  each 
year"'  Again  the  answer  to  this  question  will 
be  different  as  each  year  passes. 

There  is  no  question  but  that  there  are 
many  divisions  of  steam  railroad  in  the 
United  States  that  it  would  pay  to  electrify 
this  year,  because  of  the  inherent  limits  of  the 
steam  locomotive  in  areas  of  congested  traffic, 
in  large  terminals,  in  tunnels,  due  to  heavy 
grades,  the  expense  of  coal  and  water,  bad 
water  and  the  laf'ge  percentage  of  non- 
revenue  traffic  which  these  limits  compel  in 
many  instances. 

When  all  such  mileage  as  is  governed  by 
these  considerations  has  been  electrified,  there 
will  remain  stretches  of  steam  railroad  be- 
tween these  "bottle-necks,"  but  there  will 
have  been  biiilt  many  new  steam  plants  and 
hydro-electric  stations.  When  this  is  an 
accomplished  fact  the  question  of  whether 
or  not  it  will  pay  to  electrify  some  of  the 
remaining  di^-isions  will  be  entirely  different. 
As  each  remaining  di^•ision  becomes  only  a 
stretch  of  track  between  two  electrical 
divisions,  conservation  of  fuel,  uniformit}'  of 
equipment,  economy  in  the  distribution  of 
power,  and  many  other  reasons  will  bring 
many  of  these  di\4sions  into  a  class  where 
electrification  will  pay. 

The  more  one  dwells  on  these  considera- 
tions, the  more  impelling  the  thought  becomes 
that  the  economies  to  be  secured  by  the 
electrification  of  our  steam  railroads  are 
additive  year  by  year.  The  more  we  do  the 
more  it  will  pay  to  do.  J.  R.  H. 
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Electrification  of  Main  Line  Railroads 


By  W.  B.  Potter 
Engineer  R.\ilway  .\nd  Traction  Engineering  Department,  General  Electric  Company 

and 

S.  T.   DODD 

Railway  and  Traction  Engineering  Department,  General  Electric  Company 

A  knowledge  of  the  fundamentals  of  railroading  is  essential  for  the  selection  of  the  correct  equipment  in 
each  main  line  electrification  proposition;  interest  on  investment  and  maintenance  charges  are  governed  by 
this  initial  choice.  After  emphasizing  these  points  and  stating  the  reasons  for  electrification,  the  authors  give 
instructive  statistical  data  on  the  power  demands  for  the  electrical  operation  of  steam  railroads  in  the  United 
States,  citing  some  truly  remarkable  totals.  They  then  discuss  the  design  of  electric  locomotives,  bringing  out 
instructive  reasons  for  some  important  features  in  the  American  designs. — Editor. 

The  relation  of  electricity  to  electrification  Railway  Route  Mileage  ot  the  World 

is  much  the  same  as  that  of  steam  to   the  United  States o'^-'non 

steam  railroad,  although  the  manifestation  i,s  j^^^P'^j  ^j^^  ^^^^;^ ....'..'..'..'.'.'.     530,902 

quite  different,     we  have  switches  instead  ot  

valves,    solid    conductors    instead    of    pipes,  Total 71.3,120 

contacts    instead    of    pipe    fittings,    rotary 

motors  instead  of  reciprocating  engines,  but  The   26.5,000   miles   in   the   United   States 

these  are  differences  in  kind  rather  than  in  represents    about    400,000    miles    of    single 

function.  track.     To  this  must  be  added  about  .50,000 

The  problems  presented  to  the  engineer  miles  of  trolley  Hues,  making  the  total  rail- 
by  the  electrification  of  main  Kne  railroads  way  single  track  in  the  United  States  approxi- 
demand    a    comprehensive    appreciation    of  mately  450, 000  miles. 

railroading  as  fundamental  to  the  solution.  In  considering  heavy  electrification,  if  we 

There  are  several  methods  by  which  electrifi-  eHminate  the  electric  roads  which  are  devoted 

cation  may  be  accomplished  and  with  which  strictly   to   motor   car   service,    and   include 

there  can  he  no  questions  as  to  the  successful  under  our  category  those  tracks,  both  steam 

operation.    The  duty  of  those  concerned  is  to  road  and  trolley,  which  are  handling  freight 

choose  the  method  and  type  of  equipment  and    passenger    serxdce    with    electric    loco- 

which  will  ensure  the  best  economic  results.  motives,  we  find  in  the  United  States  approxi- 

The  interest  on  investment  and  the  main-  mately    675    electric    locomotives    operating 

tenance  are,   in   particular,   among  the   per-  over  4875  miles   of  route,  or  8300   miles  of 

petual  expenses  which  are  largely  determined  electrified  track.     Compared  with  this,  in  ?i^ 

by  the  initial  choice.  the  rest  of  the  world  there  are  approximately 

In  our  presentation  we  have  endeavored  to  450  electric  locomotives  operating  over  1000 

outline  some  of  the  general  features  rather  miles  of  route,  or  1750  miles  of  track.     That 

than  attempted  to  give  any  detailed  descrip-  is,  the  percentage  of  electrified  route  mileage 

tion  of  the  apparatus.  in  the  United  States  is  about  ten  times  as 

The  subject  is  one  of  world-wide   impor-  much  as  the  percentage  in  all  other  countries 

tance,   but  seems  to  have  been  recognized,  combined, 
especially   in   the   United   States.      Whether 

this  recognition  has  been  stimulated  by  our  Reasons  for  Electrification 

railway  operating  conditions  or  is  due  to  our  The  reasons  which  may  justify  a  change  in 

own   more   ready   appreciation   of   economic  motive  power  from  steam  to  electricity  on 

values,  is  a  question  which  may  be  open  for  main  line  railroads  have  been  discussed  often 

discussion,  but  tlie  fact  is,  that  in  spite  of  our  and  at  length.    Such  reasons  as  freedom  from 

great  mileage,  we  have  more  actual  main  line  smoke  and  cinders,  increased  carrying  capac- 

electrification  and  a  greater  proportion  of  our  ity  of  track,  decreased  expense  of  operation, 

total  mileage  electrified  than  all  the  rest  of  elimination  of  dela3^s  due  to  grades  and  other 

the  world.  conditions,   increased   safety   and   reliability, 

The  following  approximate  statements  will  and  other  similar  advantages  could  be  tabu- 
give  a  general  view  of  the  appreciation  of  lated  and  disctissed  at  length.  Probably  the 
heavy  electrification  in  the  United  States :  freedom  from  smoke  and  cinders  has  been  the 


I'l-l'C'IKIl'HAl  1().\   OI-    MAIX    LIXI'    R\llk<»AI)S 
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definite  inipellinj;;  cause  in  all  the  earl\' 
electrifications.  Such  systems  as  the  Balti- 
more Tunnel,  the  New  York  Central  Ter- 
minal at  New  York,  the  Detroit  River 
Tunnel,  the  Cascade  Tunnel  on  the  Great 
Northern,  were  primarily  electrified  in  order 
to  overcome  the  disadvantage  of  smoke. 

Today,  however,  there  is  an  arj.jumcnt  for 
electrification  which,  within  the  last  two 
years,  has  been  more  sharjjly  emi)hasized 
than  any  other.  This  is  the  conservation  of 
fuel.  When  we  realize  that  2.3  per  cent  of  the 
coal  mined  in  the  United  Slates  is  used  on  its 
railroads,  we  see  the  importance  of  con- 
sidering this  feature.  This,  therefore,  is  the 
only    one    among    the    various    reasons    for 


The  energy  demand  ijer  lUOO  ton  miles  for 
railroad  .service  varies  widely  under  different 
conditions.  An  average  has  been  made  of  a 
number  of  tests  on  heavy  railway  service, 
particularly  tests  on  the  recently  electrified 
sections  of  the  Chicago,  Milwaukee  &  St. 
Paul.  These,  with  due  allowance  for  losses 
in  distril)ution  and  the  transmission  system, 
give  an  average  of  apiiroximately  .'}:j  watt- 
hours  at  the  power  house  per  ton  mile  moved 
over  the  railroad.  For  contingencies  we 
might  increase  this  item  apijroximately  20 
per  cent  and  we  have  assumed  in  the  following 
table  41)  watthours  per  ton  mile  as  an  amply 
conservative  basis  for  estimating  the  electric 
en erg  V. 


115-ton  Gearless  Bipolar  Locomotive.      Forty-seven  of  this  original  type  of  locomotive  were  furnished  1 
Central  Railroad  for  hauling  passenger  trains  out  of  the  New  York  Central  Terminal 


>  the  New  York 


electrification  to  which  we  will  particularly 
direct  attention. 

In  order  to  present  a  figure  showing  the 
economy  of  electric  operation  it  is  necessary 
to  make  some  sort  of  estimate  of  the  ton 
miles  included  in  railway  traffic.  Taking  the 
reports  of  revenue  traffic  for  the  year  1914 
and  including  the  estimated  tonnage  of  cars 
and  locomotives,  we  find  that  the  railway 
traffic  for  that  year  amounted  to  about 
1,000,000,000,000  ton  miles.  Out  of  this, 
the  movement  of  coal  for  railway  purposes, 
together  with  the  coal  cars  and  locomotive 
tenders  carrj-ing  the  same,  amounted  to 
about  12  per  cent. 

It  will  be  of  interest  to  estimate  the  electric 
power  which  would  be  required  to  move  this 
tonnage  exclusive  of  the  railway  coal  haulage. 


Power  Demand  for   the  Electric   Operation  of  the 
Steam  Railways  in  United  States,  1914 

Ton  miles,  excluding  ten- 
ders, but  including  25  per 
cent  of  railway  coal  cars  930,000,000,000 

Watthours  per  ton  mile  (as- 
sumed)    40 

Annual  Power. 37,200,000,000  kw-hr. 

Coal  required  at  central 
steam  po%ver  stations  at 
2.2  lbs.  per  kw-hr 40,000,000  tons 

Average  continuous  load.  .  4,250,000  kw. 

The  actual  fuel  used  on  steam  locomotives 
for  the  vear  in  question  was  128,400,000  tons 
of  coal  and  40,000.000  bbls.  of  oil,  or  a  total 
coal  equivalent  of  140,000,000  tons.  The  pre- 
ceding table  shows  that  the  same  tonnage 
could  have  been  moved  ■«ath  electric  loco- 
motives   by    an    expenditure    of    40,000,000 
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tons — a  saving  of  100,000,000  tons  per  year. 
It  is  difficult  to  know  how  to  emphasize  this 
conclusion.  We  admit  that  the  statistics 
which  we  have  presented  are  more  or  less 
approximate,  but  the  indication  that  electrical 
operation  of  the  railways  in  the  United 
States  would  result  in  a  yearly  saving  of 
100,000,000  tons  of  coal  is  in  itself  a  con- 
clusion that,  in  view  of  the  critical  condi- 
tions of  the  last  two  years,  must  demand 
attention. 

We  do  not  propose  to  suggest  that  all  the 
railroads  in  this  country  will  ever  be  operated 
electrically,  certainly  not  within  any  reason- 
able time,  but  the  figures  we  have  presented 
have  been  called  to  your  attention  to  empha- 


the  subject,  as  affording  the  only  known 
means  for  effectually  conserving  our  limited 
fuel  supply.  At  the  present  time,  the  water 
power  development  in  the  United  States 
amounts  to  about  5,000,000  kw.  Knowledge 
as  to  the  possible  future  of  hydraulic  develop- 
ment is  indefinite,  as  many  of  the  water 
power  sites  have  not  been  completely  sur- 
veyed. Estiraates  as  to  the  presumable  ulti- 
mate development  vary  considerably,  but  are 
around  50,000,000  kw. 

The  relative  amount  of  power  required  for 
complete  railway  electrification  is  less  than  is 
usually  supposed.  A  number  of  power 
stations  capable  of  delivering  37,200,000,000 
kw-hrs.  per  year,  with  an  average  twenty-four 


Fig.  2.    120-ton  Geared  Type  Locomotive  Operating  Through  the  Detriot  Ri' 
of  the  Michigan  Central  Railroad 


size  the  importance  from  this  standpoint  of 
considering  railway  electrification  wherever 
the  conditions  admit. 

The  figures  which  we  have  presented  were 
prepared  on  the  basis  of  the  1914  reports  when 
the  coal  production  for  the  country  was  513,- 
000,000  tons.  Statistics  for  the  last  year 
are  not  available,  but  unofficial  estimates 
have  indicated  that  the  coal  production  for 
1918  was  685,000,000  tons.  All  the  figures 
given  in  the  preceding  table  would  presum- 
ably be  increased  by  25  to  30  per  cent  in 
order  to  represent  conditions  todaJ^ 

Although  for  purposes  of  comparison  we 
have  devoted  considerable  space  to  the 
saving  in  fuel  that  would  result  from  the  use 
of  central  steam  power  stations  for  the  oper- 
ation of  railways,  it  is  self  evident  that  the 
utilization  of  water  power  is  more  vital  to 


hour  load  of  one  half  the  installed  capacity, 
would  have  an  aggregate  installation  of 
approximately  8,500,000  kw.  The  statistics 
of  steam  and  hydraulic  electric  power  plants 
in  the  United  States  indicate  that  in  1917 
there  were  installed,  in  central  stations  for 
lighting  and  power  purposes,  approximately 
9,000,000  kw.,  in  railway  power  stations 
3,000,000  kw.,  and  in  isolated  stations  8,000,- 
000  kw.,  a  total  installed  capacity  of  about 
20,000,000  kw.  It  is  apparent  that  instead 
of  the  problem  being  prohibitive  in  size,  there 
is  already  installed  in  the .  countr\^  a  power 
station  capacity  of  over  twice  the  require- 
ment for  operating  all  the  railroads  electri- 
cally. The  power  that  would  be  required 
really  is  not  excessive  as  compared  with  the 
electrical  development  which  has  already 
been  accomplished. 
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The  present  tendency  of  motlern  power 
development,  both  steam  and  hydrauHc,  is 
towards  the  growth  of  lar^e  central  power 
stations  and  interconnected  distributing 
systems.  These  power  stations  will  be 
situated  at  j^oints  of  chea])  coal  sui^ply  or  of 
hydro-electric  development,  and  will  furnish 
power  for  cities  and  industries  over  a  wide 
section  of  country.  The  same  systems  will 
also  furnish  power  for  the  railways  in  their 
territory. 

The  Montana  Power  Company  may  be 
cited  as  an  illustration.  This  company  has 
twelve  hydraulic  power  stations  feeding  into 
a  common  distribution  system  at  100,000 
volts.    The  total  installed  capacity  is  approxi- 


utilizalion  of  these  cars  in  many  cases  for 
hauling  trains,  naturally  led  to  the  building 
of  similar  equipment  for  locomotive  purposes 
only.  This  tyjje  of  locomotive  re[)resenls  the 
most  economical  design,  but  as  the  tractive 
effort  is  transmitted  through  the  truck  center 
pin,  this  type  is  commonly  limited  to  a  weight 
of  about  GO  tons.  For  heavier  locomotives  of 
this  type,  weighing  from  GO  to  100  tons,  the 
two  trucks  are  usually  connected  and  the 
tractive  effort  transmitted  directh'  through 
the  trucks  instead  of  through  the  locomotive 
frame. 

The  Continental  designers,  having  had 
little  experience  with  heavy  motor  car  equip- 
ment,   were    skeptical    of    gearing   and    the 


Fig.  3.  Latest  Type  New  York  Central  Lccomotive  Designed  for  High  Speed  Heavy  Passenger  Service  Over  the  Electric  Division 
Between  New  York  and  Harmon.     Each  unit  is  equipped  with  eight  bipolar  gearless  motors  and  weighs  125  tons 


mately  175,000  kw.  with  possible  extensions 
by  future  development  of  an  equal  amount. 
Power  is  furnished  for  lighting  and  industrial 
purposes  to  various  cities  throughout  the 
state  and  also  to  the  Chicago,  Milwaukee  & 
St.  Paul  Railway.  The  average  twentA'-four 
hour  power  demand  for  the  440  miles  of  the 
Chicago,  Milwaukee  &  St.  Paul  electri- 
fication is  only  in  the  order  of  15,000  kw.  with 
a  maximiun  of  about  28,000  tw. 

Design  of  Locomotives 

A  comparison  of  American  electric  loco- 
motive development  with  European,  and 
particularly  Continental,  shows  a  character- 
istic difference  in  the  method  of  transmitting 
the  power  of  the  motor  to  the  dri\-ing  wheels. 
In  America  the  success  attained  with  the 
many  heaAy  high-speed  motor  cars,  and  the 


practice  of  mounting  motors  directly  on  the 
axle.  Their  efforts  have  been  mainly  directed 
towards  substituting  the  electric  motor  for 
the  steam  locomotive  cylinder,  retaining  aU 
of  the  side  rods  and  adding  a  few  more.  There 
is  a  difference,  however,  between  driAing  side 
rods  from  a  steam  piston  and,  from  a  motor 
driven  crank,  which  does  not  seem  to  have 
been  fully  appreciated.  In  a  steam  engine 
the  maximum  stresses  and  pin  pressures,  so 
far  as  the  dri\-ing  power  is  concerned,  may  be 
predetermined  from  the  piston  area  and  steam 
pressure.  In  an  electric  locomotive,  how- 
ever, haAing  a  motor  driven  crank  and  side 
rods,  the  maximum  stresses  are  influenced  by 
variations  in  the  wheel  centers  and  the  wear 
of  bearings.  The  mechanical  design  must 
be  strong  enough  to  ^-ithstand  the  dri\-ing 
torque  at  an  angle  of  45  degrees  from  the 
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center,  and  at  as  much  less  angle  as  may 
result  from  the  variations.  As  an  extreme 
illustration,  with  one  side  stripped  and  the 
other  on  dead  center,  the  stresses  would  be 
in  excess  of  any  practicable  design. 

The  Continental  locomotives  show  many 
variations  by  the  side  rod  drive,  both  with  the 
jack  cranks  direct  driven  by  the  motor 
through  parallel  rods  or  by  means  of  gearing. 
Comparing  only  the  most  important  trunk 
line  electrifications  in  Europe  and  America, 
we  find  that  out  of  nine  European  railroads 
operating  210  locomotives,  there  are  repre- 
sented 28  different  types,  while  out  of  14 
American  railroads  operating  364  locomotives 


The  design  of  electric  locomotives  for  high- 
speed passenger  service  at  60  to  80  miles 
per  hour  is  a  more  complicated  problem,  a 
substantial  saving  through  the  elimination 
of  turn  tables,  and  incident  delays,  being 
obtained  by  designing  the  locomotive  double- 
ended  and  capable  of  running  equally  well  in 
both  directions,  this  desirable  requirement 
involving  features  of  design  differing  from 
that  of  a  steam  locomotive  built  for  opera- 
tion in  one  direction  only. 

A  problem  in  the  design  of  a  double-ended 
locomotive  is  to  control  the  lateral  oscillation 
and  to  minimize  its  effect  on  the  track.  This 
characteristic  is  more  in  evidence  on  tangent 


te.  Anaconda  86  Pacific  Railway  and  on  the  Chicago,  Milwaukee  &  St.  Paul  Railway  Hauled 
by  2400-volt  and  3000-volt  Direct-current  Locomotives 


only  21  types  are  represented.^  The  cause  for 
this  difference  is  to  be  found  in  the  develop- 
ment of  the  American  locomotive  from  the 
motor  car  as  we  have  sketched  above,  and  in 
the  fact  that  this  American  development  has 
largely  been  determined  by  commerical 
reasons. 

The  design  of  American  locomotives,  for 
slow  speed  freight  and  passenger  ser\'ice,  has 
been  influenced  largely  by  the  heavy  motor 
car  with  motors  geared  directly  to  the  driving 
axle.  A  gearless  motor  which  could  develop 
as  tractive  effort,  a  proportion  of  the  weight 
on  the  axle  comparable  to  the  geared  motor, 
would  furnish  a  still  simpler  design.  Recent 
developments  along  this  line  indicate  the 
possibility  of  such  a  gearless  slow-speed  loco- 
motive at  a  comparable  price. 


track  where  the  flanges  of  the  guiding  wheels 
are  free  to  move  within  the  clearance,  than  on 
curves  where  the  flanges  of  these  wheels  bear 
firmly  against  the  outer  rail.  This  character- 
istic also  appears,  though  in  a  dift'erent  form, 
in  the  single-ended  steam  locomotive,  as  the 
front  and  rear  ends  are  not  both  subjected  to 
the  reactionary  influence  of  two  guiding 
trucks.  In  any  event  the  wheels  at  the  front 
and  rear  ends  must  be  relied  upon  to  with- 
stand the  effect  of  these  lateral  oscillations. 
In  a  double-ended  locomotive  with  guiding 
trucks  at  each  end,  any  lateral  oscillation  will 
deliver  a  thrust  at  the  truck  center  plate,  both 
at  the  front  and  rear  ends.  The  roll  of  the 
locomotive  body  has  little  tendency  to 
transfer  weight  to  the  outside  guiding  wheels, 
and  therefore  has  but  little  effect  in  holding 
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down  llu'  (Uitcr  rail.  'l"lu'  laii'fal  mci\Ti)K'iil, 
of  llu'  lin'omolix't.',  liii\\r\  rr.  ilnis  iiRTfasf  tl)c 
wcij^lU  U"ansr(.Tn.'il  tn  ilic  (uitsidf  j^jiiidinj; 
wheels  in  proportion  to  the  heij^hl  of  ihe 
center  ])lale  al>o\-e  the  rail  head. 

The  prohleni  presented  is  to  desijjn  a  donlile- 
end  loooinoti\'e  with  leadins;  and  Irailinj,' 
trucks  which  shall  have  sullicient  fjuidin;,' 
force  for  tlio  front  end,  and  with  sneh  char- 
acteristics as  to  minimize  the  cause  and  elTect 
of  lateral  oscillations. 

To  minimize  the  cause  of  lateral  oscillations 
the  front  and  rear  trucks  should  be  restrained 


<ilitained  in  that  manner.  VVc  wish  lo  direct 
attention  lo  the  fact  that  a  successful  double- 
ended,  hij^ii-s]jce(l  locomotive  can  only  be 
obtained  l)y  a  ijrojjer  study  of  the  front  and 
rear  trucks. 

I'or  high-speed  passenger  service  with 
speeds  of  the  order  (jf  (iO  lo  SO  miles  per 
hour,  on  a  locomoti\-e  etjuiiJijed  with  geared 
motors  the  gear  reduction  ajjproaches  a 
small  ratio  if  the  armature  is  to  be  kept 
within  practical  rotative  speeds.  This  pre- 
sents all  the  disadvantages  of  increased 
weight  due  to  gears,  with  their  cost  of  main- 


Fig.  5.      300-ton  Geared  Lcccmotive  for  Operation  Over  the  Rocky  Mountain  Division  of  the  Chicago.  Milwaukee  86  St.  Paul  Railway. 
Two  locomotives  of  this  type  are  used  to  haul  2800-ton  freight  trains  over  the  two  per  cent  mountain  grades 


so  far  as  possible  from  any  individual  move- 
ment other  than  that  essential  to  the  proper 
guiding  of  the  locomotive.  Experience  has 
demonstrated  that  a  two-axle  truck,  with  an 
articulated  connection,  accomplishes  this 
desired  result  much  more  effectually  than 
either  a  two-axle  bogie  or  pony  truck. 

To  minimize  the  effect  of  lateral  oscillations 
the  characteristics  should  be  such  that  the 
truck  will  allow  a  time  element  during  de- 
livery of  the  thrust  against  the  rail  head,  and 
such  that  any  lateral  thrust  at  the  center  pin 
will  produce  a  large  vertical  component  at 
the  outer  guiding  wheels.  Raising  the  bear- 
ing point  or  center  plate  of  guiding  trucks  to 
(iO  in.  or  70  in.  above  the  rail  head  has  shown 
by    tests    that    these    characteristics    can    be 


tenance,  without  the  compensating  advan- 
tage of  the  increase  in  tractive  effort  usually 
gained  by  gear  reduction.  Consequently,  it 
appears  to  us  that  for  such  speeds  and  for  such 
ser\'ice  the  gearless  motor  with  the  armature 
mounted  directly  on  the  axle  presents  the 
best  solution.  The  bipolar  gearless  motors 
on  the  New  York  Central  Railroad  which 
have  been  in  ser^-ice  for  twelve  }'ears  ha\"e 
shown  very  low  maintenance. 

Collection  of  Current 

The  trolley  pole  and  wheel  which  has  so 
well  served  the  electric  railway  is  not  well 
adapted  for  the  heavy  service  we  have  been 
considering,  nor  is  it  a  convenient  device  for 
movement   in   both   directions.      The   panto- 
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graph  collector  which  requires  no  attention 
on  reverse  movement  has  long  been  used, 
but  it  is  only  within  the  past  few  years 
that  its  capacity  as  a  collecting  device  has 
been  ftdly  demonstrated.  Rolling  and  slid- 
ing contacts  have  both  been  tried  with 
results  distinctly  in  favor  of  the  slider.  The 
wear  of  the  working  conductor,  or  trolley 
wire,  is  due  far  more  to  the  destruction  by 
arcs  at  the  point  of  contact  than  from  the 
mechanical  friction,  hence  it  is  most  important 
that  the  wire  be  so  supported  as  to  eliminate 
any  rigid  spots  which  are  the  usual  cause  of 


2000  amperes  have  been  collected  with  equal 
success  at  over  sixty  miles  per  hour.  A 
copper  conductor  with  copper  wearing  strips 
on  the  collector  has  been  found  to  give  the 
best  results.  Measurements  taken  on  the 
Milwaukee  Railroad  indicate  the  working 
conductor  will  have  a  life  of  over  100  years  be- 
fore it  will  have  to  be  replaced  because  of  wear. 

Regeneration 

Regeneration  as  used  in  this  connection 
implies  the  use  of  electric  braking,;. and  the 
utilization    of    the    energy    in    the    train ,  as 
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Fig.  6.    Voltage.  Energy,  and  Speed  Curves  for  a  960-ton  Passenger  Train  Running  Over  the  Rocky  Mountain 
of  the  Chicago,  Milwaukee  &  St.  Paul  Railway  from  Colorado  Junction  (Butte) 
to  Three  Forks.      The  profile  is  shown  below  and  the  energy  curve  shows 
the  amount  of  power  regenerated  on  the  two  per  cent  grade 


this  arcing.  The  wire  should  be  lifted 
slightly  and  really  supported  by  the  collector 
rather  than  that  the  collector  should  run 
underneath  a  wire  held  in  rigid  relation  to  its 
support.  Lubrication  of  the  collecting  sur- 
face not  only  reduces  the  wear  but  seems  to 
sHghtly  improve  the  contact,  presumably 
because  of  less  tendency  to  chatter  than  with 
bare  metal.  The  amount  of  current  that  can 
be  successfully  collected  seems  limited  only 
by  the  current  capacity  of  the  working  con- 
ductor. Tests  have  shown  no  arcing  at  the 
contact  with  3000  amperes  at  30  miles,  and 


electric  power  which  is  fed  back  into  the  dis- 
tributing system.  The  train  on  a  down  grade 
drives  the  motors  as  generators,  which  is 
comparable  to  the  action  of  falling  water  in 
a  hydro-electric  power  station.  Regeneration 
is  of  special  advantage  in  the  long  grades 
encountered  in  mountain  districts,  and  grades 
of  20  to  50  miles  in  continuous  length  are 
found  on  almost  all  the  railway  lines  crossing 
the  continental  divide.  It  eliminates  the 
surging  in  the  train  and  the  variations  of  speed 
which  are  encountered  in  holding  the  train  by 
air  brakes.     In  addition  to  this,  the  wear  of 
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brake  sliors  is  rliiiiiiialrd  and  tlic  ik'luys 
which  are  of  ten  (hie  to  oveiiu'ateil  l>ral<u  shoes 
on  hni),'  ^jrades  arc  also  a\'oidcd.  'I'hc  electric 
braking;  lakes  jjlaec  entirely  at  the  front  end 
of  the  train,  takin<;  up  all  slack,  and  permits 
the  air  reservoirs  to  remain  fully  charj^ed  in 
reserve  for  emerj;ency. 

The  amount  of  power  returned  to  tin:  trollcx' 
by  regeneration  varies  with  the  anjount  of 
the  grade  and  the  type  of  train.  On  specific 
tests  it  has  been  shown  that  a  train  on  a  2 
per  cent  grade  has  regenerated  42  per  cent 
of  the  power  required  to  pull  the  same  train 
up  the  grade.  On  a  l.(i()  per  cent  grade  23  per 
cent  has  been  regenerated.  The  records  for  a 
particular  month  over  the  entire  Rocky 
Mountain  Division  of  the  C.  M.  &  St.  P.  for 
both  freight  and  passenger  trains  show  that 
the  regeneration  was  equivalent  to  11.3  per 
cent  of  the  total  power  used. 

Conclusion 

We  have  attempted  to  give  a  broad  survey 
of  the  field  of  railway  electrification  and  some 
of  the  recent  developments  therein. 
'  fThe  fact  that  the  developments  in  this  field 
are  greater  in  our  own  country  than  any 
other  should  be  most  encouraging  to  those 
who  believe  that  the  United  States  has  taken 
and  will  maintain  the  lead  in  industrial 
development  of  the  world. 

Among  the  many  reasons  for  considering 
railway  electrifications,  none  stand  forward 
so  prominently  as  the  possibilities  in  the 
direction  of  conservation  of  fuel  supply. 
The  fact  that  140,000,000  tons  of  coal  are 
used  for  railway  ser\4ce  points  toward 
electrification  as  assuming  the  greatest  impor- 
tance in  the  conservation  of  fuel. 

On  locomotives  for  freight  and  slow  speed 
passenger  service  it  seems  probable  that  the 
use  of  geared  motors  mounted  directly  on  the 
•  axle  will  be  continued.  On  locomotives  for 
high  speed  passenger  work  the  motors  will 
presumably  have  some  tj'pe  of  gearing  or 
preferably  be  of  gearless  design.  The  char- 
acteristics of  the  guiding  trucks  in  their 
design  and  method  of  attachment  are  impor- 
tant for  high-speed  running. 

We  find  that  incidental  difficulties  in  con- 
nection with  operation  of  heavy  service 
electrically  are  being  solved.  The  collection 
of  any  reasonable  amount  of  current  from  an 
overhead  conductor  ofters  no  difficulty;  while 
regeneration  solves  in  a  practical  manner  the 
problem  of  braking  on  long  grades  and 
returning  the  available  power  to  the  power 
system  instead  of  wasting  it  in  brake  shoes. 
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Turbines  for  Mechanical  Drives 

By  R.  R.  LEWI5 
Turbine  Sales  Department,  General  Electric  Company 

This  article  is  the  first  of  two  which  deal  with  a  comparatively  recent  development  in  the  construction  of 
small  and  medium  size  turbines  for  the  direct  drive  of  pumps,  etc.  A  description  is  given  of  the  facility  with 
which  a  selection  can  be  made  of  standard  parts  to  produce  the  turbine  best  adapted  to  the  conditions  of  the 
particular  application.  In  our  next  issue  Dr.  S.  A.  Moss  will  explain  some  of  the  problems  in  the  design  of 
these  turbines. — Editor. 


To  meet  the  demand  for  a  reliable  and 
efficient  steam  turbine  in  small  and  medium 
sizes  to  drive  centrifugal  pum.ps,  fans,  and 
other  moderate  speed  apparatus,  the  "Type 
L"  mechanical  drive  turbine  was  designed. 

These  machines  have  been  on  the  market 
about  two  years,  and  hundreds  of  them  are 
in  successful  service,  having  established  an 
excellent  reputation  for  reliabilitj^  and  effi- 
ciency. 

Many  of  these  turbines  are  located  in 
basements  and  other  more  or  less  inaccessible 
places  where  they  are  likely  to  receive  the 
minimum  of  care  and  attention,  but  their 
ruggedness  and  simplicity  have  enabled  them, 
under  adverse  conditions,  to  perform  their 
duties  with  perfect  success. 

The  reliability  and  efficiency  of  this  type  of 
turbine  are  assured  by  the  utmost  care  in 
design  and  manufacture,  and  by  the  use  oE 
the  best  materials  throughout.  The  design 
has  been  made  as  simple  as  possible;  the 
turbine  consisting  essentially  of  a  bucket 
wheel  mounted  on  a  shaft  and  enclosed  in  a 
steel  casing,  a  nozzle  for  directing  steam  into 
the  buckets,  and  an  opening  for  the  escape  of 
exhaust  steam. 

One  of  the  greatest  difficulties  met  in  the 
design  of  this  line  of  turbines  (or  group  of 
turbines  with  interchangeable  elements)  was 
to  fulfill  the  requirements  of  moderate  cost 
and  at  the  same  tiip.e  to  make  the  machines 
suitable  for  a  wide  range  of  operating  con- 
ditions. For  instance,  in  driving  centrif- 
ugal pumps  the  speed  depends  largely  on 
the  head  under  which  the  pump  is  to  operate, 
and  turbines  for  this  service  must  run  at 
speeds  from  SOO  to  3600  r.p.m.  Again,  the 
steam  pressure  may  be  anywhere  from  75  to 
200  lb.  or  Over,  the  back  pressure  m.a3'  be 
from  atmospheric  pressure  to  20  or  30  lb.,  or 
the  turbine  may  be  required  to  operate  with 
a  vacuum.  The  capacity  required  may  be  10 
or  600  h.p. 

It  would,  of  course,  be  out  of  the  question 
to  develop  a  special  turbine  for  each  com- 
bination  of   conditions;   but   practically   the 


same  result  is  secured  by  designing  certain 
standard  elements,  a  number  of  which  can  be 
combined  to  form  a  complete  turbine  that 
will  exactly  fit  any  particular  case. 

The  plan  of  construction  adopted  for  these 
turbines  involves  the  use  of  one,  two,  or  three 
bucket  wheels,  a  variation  in  the  length  of 
the  buckets,  and  the  arc  of  steam  admission 
through  the  first-stage  nozzles.  In  addition, 
the  size  of  the  steam  and  exhaust  connections 
is  varied  and  also  the  governor  parts  for  regu- 
lation at  different  speeds. 

Before  assembling  one  of  these  machines  for 
a  particular  duty,  it  is  necessary  to  know  the 

(1)  Capacity  in  brake  horse  power, 

(2)  Steam  pressure, 

(3)  Superheat  or  moisture, 

(4)  Back  pressure,  or  vacuum, 

(5)  Speed  of  revolution, 

(6)  Direction  of  rotation. 

It  is  optional  whether  the  turbine  shall  have 
one,  two,  or  three  stages;  but  the  machine 
with  the  greater  number  of  stages  usually  is 
more  efficient  but  more  expensive. 

The  turbine  is  of  the  Curtis  impluse  type 
in  which  the  steam  is  given  a  relatively  high 
velocity  by  passing  through  a  divergent 
nozzle.  It  then  immediately  enters  the 
revolving  buckets,  and  as  its  velocity  becomes 
reduced  it  gives  up  its  energy  to  the  buckets, 
causing  a  rotation  of  the  wheel  and  shaft. 

The  steam  in  entering  the  turbine  passes 
first  through  the  emergency  valve  chest,  if 
one  is  used,  then  through  a  steam  strainer 
which  prevents  the  entrance  of  scale  or  other 
foreign  particles.  It  next  passes  through  the 
governor  valve  and  enters  the  turbine  proper 
through  the  first  stage  nozzles.  After  passing 
through  the  buckets  of  a  single-stage  turbine 
it  passes  out  of  the  exhaust  opening.  In  the 
case  of  a  two-stage  turbine,  the  steam  after 
leaving  the  first  bucket  wheel  would  pass 
through  an  opening  in  the  diaphragm  between 
the  stages  and  through  the  second-stage 
nozzle,  then  through  the  second-stage  buckets 
and  into  the  exhaust. 


rRni.\i;s  i-mk  .\ii;(1i.\\ic.\i,  drix'ics 


r.w 


QH 


K 

T3  S 

Is 
CO  ^ 

£  -a 

■§  S 


i^Q§^  5: 


440     June,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII.  No.  6 


•URIUM-S   I'MR   MI'CII.WICAL   DRIVES 


441 


J;i      - 


442     June,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  6 


The  wheel  casing  is  made  of  steel  and  is 
split  horizontally.  To  this  are  bolted  the 
high  and  low-pressure  heads.  The  heads 
support  the  main  bearing  brackets  and  are 
provided  with  feet  on  which  the  turbine 
rests.  The  high-pressure  head  also  supports 
the  steam  chest  and  governor  valve.  The 
low-pressure  head  carries  the  exhaust  flange. 

The  wheel  disks  are  of  steel  and  are  keyed 
to  the  shaft.  Each  disk  carries  two  rows  of 
buckets  made  of  bronze  and  dovetailed 
around  the  periphery. 

The  diaphragms  are  held  lDy  grooves  in  the 
casing.  The  bearings  are  babbitt  lined  and 
ring  oiled. 

The  governor  is  of  the  centrifugal  type  and 
is  mounted  on  the  end  of  the  shaft.     It  oper- 


ates, tlirough  a  bell  crank,  the  governor  valve 
which  is  of  the  double  balanced  poppet  type. 

By  means  of  a  simple  device  the  speed  may 
be  altered  while  the  turbine  is  running,  the 
governor  continuing  to  exert  full  control  at 
the  altered  speed. 

When  desirable,  an  emergency  governor 
may  be  fitted  to  the  machine.  This  device  is 
entirely  independent  of  the  governor,  and  in 
emergency  shuts  off  the  steam  supply  and 
prevents  excessive  speed. 

For  operation  at  two  different  steam  pres- 
sures, or  whenever  the  best  efficiency  is 
required  at  various  conditions  of  load  or 
speed,  one  or  two  hand  valves  may  be  used. 
These  valves  modify  the  effective  capacity  of 
the  nozzles. 


Varnished  Cambric  Cable  for  Underground  Service 

By  W.  E.  Hazeltine 
Chicago  Office,  General  Electric  Company 

As  varnished  cambric  cable  for  underground  service  is  less  liable  to  breakdown  than  paper-insulated 
cable,  it  is  particularly  suitable  for  the  lines  of  the  smaller  operating  companies,  since  these  have  not  the  inter- 
connected networks  of  the  larger  companies  nor  can  they  aflford  the  maintenance  of  a  large  cable  repair  force 
and  cable  stock.  The  following  article  describes  the  structure  of  varnished  cambric  cable  and  points  out  the 
features  wherein  this  cable  is  superior  to  those  of  the  paper  or  rubber  insulated  type. — Editor. 


As  there  are  many  localities  throughout 
the  cotxntry,  particularly  in  the  middle  west, 
that  will  eventually  remove  their  overhead 
wires  and  install  an  underground  cable 
system,  the  present  time  is  opportune  for 
investigating  the  merits  of  the  different 
materials  required  and  for  preparing  a  pre- 
liminary survey. 

In  laying  out  an  underground  distribution 
system,  many  questions  arise  such  as  the 
location  and  construction  cf  conduit  system., 
number  and  kind  of  conduit,  location  of 
manholes,  sizes  and  types  of  cables,  junction 
boxes,  subway-  transformers,  etc.  These 
are  subjects  of  vital  importance  and  all 
require  careful  investigation,  for  the  proposed 
system  should  be  adequate  for  the  future  as 
well  as  for  the  present,  it  being  an  expensive 
proposition  to  make  alterations  in  a  conduit 
system  once-  installed. 

As  a  discussion  of  all  features  of  such  a 
system  would  be  impracticable,  the  scope 
of  this  article  will  be  confined  to  the  various 
types  of  cable  available. 

Undoubtedly,  the  conduit  decided  upon 
will  be  of  fiber  or  tile,  surrounded  by  concrete, 
and  will  contain  lead-encased  cables. 


There  are  three  types  of  standard  cable 
insulations  used  for  underground  cables; 
paper,  rubber,  and  varnished  cambric. 

Paper  insulated  cable  has  been  adopted 
by  practically  all  the  larger  operating  com- 
panies for  underground  service,  principally 
on  account  of  its  low  initial  cost  and  for  its 
ability  to  withstand  working  temperatures 
found  in  conduit  systems  without  serious 
deterioration.  The  initial  cost  of  paper- 
insulated  cable  is  lower  than  that  of  either 
the  rubber  or  varnished  cambric  type;  and, 
where  large  quantities  are  required,  it  reduces 
the  investment  in  cable  to  a  minimum. 
However,  as  paper  insulation  absorbs  mois- 
ture readily,  the  life  of  a  paper  cable  is 
dependent  upon  the  lead  sheath  remaining 
intact,  a  breakdown  occurring  in  approxi- 
mately one  month  after  the  sheath  becomes 
punctured  by  electrolysis  or  mechanical 
abrasion.  Extreme  care  must  be  exercised 
in  drawing  paper-insulated  cable  into  the 
conduit  so  as  not  to  injure  the  sheath,  and 
in  splicing  to  be  sure  that  moisture  is  excluded. 
The  operating  systems  of  the  larger  companies 
are  so  interconnected  that  a  breakdown  is 
not    always    a   serious   factor;    and,    further- 
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Ruliln'r-insulaUil  caljlos  arc  used  lo  some 
extent,  but  when  suljjeeted  to  constant  hcal- 
inji;  in  conduits  the  insulation  sufTers  continual 
deterioration. 

For  the  smaller  o])erating  companies,  whose 
systems  are  not  interconnected,  continuity 
of  service  is  essential,  and  there  is  no  question 
but  that  varnished  cambric  insulated  cable 
is  best  adapted  for  such  installations.     Var- 


forni  table  insululed  with  a  haril  seini- 
lli'xiiilc  wall  of  insulation,  the  c-op|)cr  bcinj; 
al  .ill  times  central  in  the  insulation,  ancl 
furthermore,  there  is  no  tendency  for  the 
conductor,  es])ecially  when  of  larfjc  size  and 
weifjht,  jjradually  sinking  to  the  bottom  of 
the  insulation  and  decreasin>;  the  effective 
thickness  of  the  insulatinj^  wall.  An  im- 
portant feature  is  that  the  comjjosilion  of 
the  ])lastic  com]jound  is  such  that  it  has  no 
injurious  effects  u]5on  the  cambric  tajje; 
and,  as  this  comjiound  is  non-hardeninf,',  it 
]:)revents  the  insulation  from  drying  out  and 
allows  the  lawrs  of  insulating  tape  If)  slide 


rrished  cambric  cable  has  long  since  passed 
the  experimental  stage,  it  having  been  in 
general  use  for  about  20  years  with  exceed- 
ingly satisfactory  results.  During  this  time, 
the  insulation  has  been  constantly  improved 
so  that  the  present  cable  is  far  superior  to 
that  originally  produced.  Varnished  cambric 
cables  are  som^ewhat  cheaper  in  first  cost  than 
rubber  cables  and  they  possess  all  the  good 
qualities  of  rubber  with  none  of  its  disad- 
vantages. The  method  of  insulating  consists 
of  applying  successive  layers  of  lapped  var- 
nished cambric  tape  wound  on  spirally  under 
tension  with  a  plastic,  moisture-repelling, 
high  insulating  compound  evenly  distributed 
between.     This  produces  an  absolutely  uni- 


on each  other,  the  insulatiorj  remaining 
intact  when  the  cable  is  bent. 

When  operating  at  voltages  of  2500  and 
under,  varnished  cambric  cable  will  stand 
a  higher  working  temperature  than  will 
rubber;  and,  at  higher  voltages,  will  operate 
at  the  same  working  temperature  without 
the  insulation  deteriorating.  The  life  of 
varnished  cambric  cable  is  therefore  indefinite. 

The  insulation  possesses  high  dielectric 
strength,  enabling  it  to  withstand  surges, 
has  high  insulation  resistance,  is  not  injured 
by  mineral  oils,  and  allows  heat  generated 
to  be  radiated  freely.  It  also  possesses  a 
considerable  amount  of  elasticity,  permitting 
it   to  be  handled  readilv  even  at   low  tem- 
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peratures  without  danger  of  the  insulation 
cracking;  and,  as  it  does  not  absorb  moisture, 
it  is  unnecessary  to  boil  out  the  ends  when 
splicing,  as  with  paper  cable. 

Varnished  cambric  cables  may,  therefore, 
be  installed  by  the  same  class  of  labor,  be- 
cause the  installation  and  splicing  is  accom- 
plished under  practically  the  same  conditions 
as  with  rubber-insulated  cables. 


armored  for  vertical  suspension  and  lead 
encased  for  distribution  below  the  surface. 
For  submarine  use,  lead-encased  cable  with 
jute  and  wire  armor  is  used. 

Varnished  cambric  lead-encased  cables 
with  jute  and  double  steel  taped  finish  are 
used  extensively  for  burial  direct  in  the  ground 
in  connection  with  ornamental  lighting  sys- 
tems and  for  power  circuits,  where  conditions 


In  addition  to  its  being  especially  adaptable 
for  underground  service,  the  insulation  being 
non-hygroscopic  like  rubber,  varnished  cam- 
bric cables  are  used  extensively  with  either 
weatherproof  or  flameproof  braid  applied 
directly  over  the  insulation  for  inside  power 
house,  substation,  and  industrial  plant  wir- 
ing.     For   use    in   mines   the    cable    is    wire 


do  not  warrant  a  conduit  system.  Plain  lead- 
encased  varnished  cambric  cable  installed 
in  fiber  conduit  is  also  used  to  a  great  extent 
for  street  lighting  systems. 

Taking  into  consideration  the  foregoing 
advantages,  it  must  be  conceded  that  var- 
nished cambric  cable  is  well  adapted  for 
almost  any  field  of  service. 
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Welding  Mild  Steel 

liy  II.  M.   lldi.AKi 

CHAIKM.VN    WkI.DING  KKSKARI  II   Slll-COMMITTKE 

The  inipotus  jjiviMi  to  oli'ilric  woliHiii^,  ispccially  t'U'ctric  arc  wcIdiriK,  was  a  result  of  the  exigencies  of 
Ihc  war.  Although  tlu'  iirKomy  for  llic  more  rapid  construction  of  ships  no  longer  exists,  the  electric  weld- 
ing processes  liave  been  found  to  possess  so  many  real  advantages  that  it  would  be  inexcusable  to  discontinue 
the  research  work  wliich  holds  forth  the  promise  of  perfecting  the  art  to  a  point  where  it  will  be  used  exten- 
sively in  general  manufacture.  That  interest  has  not  waned  is  eviilcnced  by  the  recent  formation  of  the 
American  Welding  Society,  tlie  membership  of  which  includes  those  engineers  who  have  done  the  most  to 
further  the  art  of  electric  welding.  This  abstract  of  Mr.  Hobart's  paper,  presented  before  the  A.S.M.E.  at 
New  York  City  in  February,  is  a  comprehensive  discussion  of  electric  welding,  and  forms  a  suitable  supple- 
ment to  the  other  pajiers  we  have  published  on  the  same  subject. — Editor. 


This  paper  deals  ])rincipally  with  investiga- 
tions undertaken  by  the  Welding  Research 
Sub-committee  of  the  Welding  Committee  of 
the  Emergency  Fleet  Cor])oration.  The 
general  object  of  the  im-cstigalions  lias  been  to 
extend  the  use  of  welding  in  the  construction 
of  merchant  ships  and,  specifically,  to  provide 
a  definite  basis  for  obtaining  the  best  economy 
and  efficiency  in  employing  welding  in  place 
of  riveting  in  the  construction  of  the  hulls  of 
such  ships. 

Composition  of  Ship-plate  Steel 

The  chemical  composition  of  the  steel 
employed  in  such  hull  construction  varies 
with  the  thickness  of  the  plates.  Through 
the  courtesy  of  Mr.  H.  Jasper  Co.x,  of  Lloyd's 
Register  of  Shipping,  the  following  informa- 
tion may  be  given  concerning  the  kind  of 
steel  plate  employed  in  American  Shipyards 
in  1918  for  the  hull  construction  of  merchant 
ships. 

Lloyd's  requirements  do  not  relate  to  the 
chemical  composition.  They  require  a  tensile 
strength  of  58,000  lb.  per  square  inch  (40.75 
kg.  per  sq.  mm.)  for  their  lower  limit  and 
72,000  lb.  per  square  inch  (50.59  kg.  per 
sq.  mm.)  for  their  upper  limit.  For  the 
information  of  the  Committee,  Lloyd's 
obtained  from  their  surveyors  at  various 
works  data  of  the  carbon  content,  which  is  as 
follows : 


Works 

FOR    PI..\TES 

K  Inch     1       1  Inch 
Thick            Thick 

A 

0.14           0.23 

B  . 

0.14           0.25 

C 

0.19           0.25 

D 

0.20           0.30 

P  f  Upper  Limit 

0.30           0.35 
0.24           0.29 

p  [  Upper  Limit 

0.25           0.30 
0.21       '     0.27 

Q  f  Upper  Limit 

\  Lower  Limit 

0.25           0.35 
0.22           0.28 

For  shapes.  Works  H  employ: 

Shapes  about  \2  in.  thick,  0.24  per  cent  to 

0.30  per  cent  carbon. 
Shapes  about  1  in.  thick,  0.28  per  cent  to 

0.35  per  cent  carbon. 
Small  shapes  such  as: 

2}'2X2MX>i-in.    angles,    about   0.15   per 

cent  carbon. 
4X4X7^-in.  angles,  about  0.20  per   cent 

carbon. 

From  several  tons  of  half -inch  thick  (12.7 
mm.)  plate  from  the  yard  of  the  Chester 
Shipbuilding  Company,  which  was  employed 
in  making  many  sample  welds  in  an  investiga- 
tion designated  the  Wirt-Jones  Tests,  seven 
analyses  were  made  at  the  Bureau  of  Stand- 
ards. The  maximum  and  minimum  per- 
centages of  each  of  the  impurities  for  these 
seven  samples  were  as  follows : 


Carbon.  .  .  . 

Manganese. 
Phosphorus. 
Sulphur.  . .  . 
Silicon 


0.25 

0.46 

0.043 

0.031 

0.052 


0.24 

0.45 

0.039 

0.027 

0.024 


For  this  material  the  Bureau  of  Standards 

reports : 

Yield  point,  37,850  lb.  per  sq.  in. 

Ultimate  tensile  strength,  63,500  lb.  per 
sq.  in. 

Elongation  in  2  in.,  38.6  per  cent. 
The  following  manufacturer's  data  apply 
to  about  ten  tons  of  half-inch  ship  plate 
supplied  b}'  the  Worth  Steel  Compan}^  of 
Cla^-mont,  Del.,  and  to  be  used  for  testing 
electrodes : 

Chemical  Analysis  (Ladle  Analysis) 

Carbon 0.29     per  cent 

Manganese 0.37    per  cent 

Phosphorus 0.015  per  cent 

Sulphur 0.032  per  cent 

Physical  Properties 

Tensile  strength — lb.  per  sq.  in 67,400 

Elongation,  per  cent  in  8  inches.  .  .  .     25.25  per  cent 
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Another  lot  of  about  Ij'o  tons  of  H-in. 
and  1-in.  ship  plate  kindly  furnished  to  the 
Committee  by  the  American  Steel  and  Wire 
Company  for  the  purposes  of  the  Committee's 
researches  was  analyzed  by  the  Electrical 
Testing  Laboratories  with  the  following 
result,  four  (4)  analyses  being  made  for  each 
thickness : 


MAXIMUM 
PER   CENT 

MINIMUM 
PER   CENT 

'i  Inch 

1  Inch 

HInch 

1   Inch 

Carbon 

Manganese 

Phosphorus 

0.24 
0.44 
0.033 

0.28 
0.53 
0.033 

0.22 

0.40 
0.028 

0.26 
0.47 
0.027 

The  specifications  of  the  American  Society 
for  Testing  Materials  for  .structural  steel  for 
ships  (serial  designation  A  12-16,  p.  9S. 
A.S.T.W.  Standards,  1918)  are  in  abstract  as 
follows ; 

Phosphorus  (acid  steel),  not  over  0.06  per  cent. 
Phosphorus  (Basic  steel),  not  over  0.04  per  cent. 
Sulphur,  not  over  0.05  per  cent. 
Tensile  strength,  between  58,000  and  68,000  lb. 

per  sq.  in. 
Elongation,  min.  per  cent,  in  8-in.   1,500,000/ 

tensile  strength. 

From  the  above  data  we  have  a  good  idea 
of  the  kind  of  steel  in  connection  with  which 
it  was  the  Committee's  first  and  specific  task 
to  investigate  welding. 

Two  kinds  of  welding  are  under  investiga- 
tion at  present : 

(1)  Fusion  welding. 

(2)  Spot  welding. 

These  are  totally  different  kinds  of  welding. 
The  fundamental  difference  is  that  while  in 
fusion  welding  no  pressnre  is  employed,  the 
success  of  spot  welding  is  entirely  dependent 
upon  the  application  of  both  heat  and 
pressure.  For  the  spot  welding  of  thick 
plates,  the  required  pressure  is  very  great. 

The  main  features  of  each  of  these  two 
kinds  of  welding  will  now  be  stated : 

Fusion  Welding 

The  term  fusion  welding  is  employed  to 
cover  gas  welding  and  electric-arc  welding. 

Gas  welding  is  usually  effected  bj^  simul- 
taneously fusing  with  an  oxyacetylene  flam.e 
(1)  the  material  at  and  near  the  surfaces 
which   it   is   desired   to   join,    and    (2)    som.e 

*Both  for  carbon-arc  welding  and  gas  welding,  the  edges  of  the 
parts  to  be  joined  sometimes  may  be  so  designed  as  to  obviate 
the  need  for  any  additional  material;  in  other  words,  no  welding 
'  I  such  cases. 


material  (which  is  usually  similar  in  com- 
position) in  the  form  of  a  rod,  the  tip  of 
which  is  subjected  to  the  heat  of  the  flame. 
The  oxyacetylene  flame  is  directed  with  one 
hand  and  the  welding  rod  is  manipulated  with 
the  other  hand. 

Electric-arc  welding  may  be  subdivided  into 
several  classes.     The  two  broadest  classes  are : 

(a)  Carbon-arc  welding 

(b)  Metal-arc  welding 

In  carbon-arc  welding,  an  arc  is  established 
between  a  carbon  or  graphite  electrode 
(usually  a  graphite  electrode)  and  the  two 
pieces  of  steel  which  it  is  desired  to  join. 
This  graphite  electrode  is  manipulated  with 
one  hand  and  a  welding  rod  is  fed  into  the 
weld  by  the  other  hand.  The  manual  activi- 
ties in  carbon-arc  welding  are  seen  to  be  quite 
similar  to  those  in  gas  welding.  In  neither 
case  is  it  necessarj^  for  the  material  of  the 
welding  rod  to  traverse  the  arc* 

In  metal-arc  welding,  we  find  a  fundamental 
difference  in  this  latter  respect,  since  in  metal- 
arc  welding  of  mild  steel,  the  arc,  instead  of 
having  a  graphite  electrode  for  one  terminal 
of  the  circuit,  is  established  between  a  steel 
welding  rod  (or  welding  electrode)  and  the 
two  steel  parts  requiring  to  be  joined.  There 
is  always  a  distance  of  a  matter  of  a  tenth  of 
an  inch  (2.5  mm.)  or  more  between  the  end 
of  the  welding  rod  and  the  work.  This 
distance  is  bridged  by  an  electric  arc.  The 
form  in  which  the  steel  exists  during  its 
passage  from  one  end  of  the  arc  to  the 
other  is  at  present  the  subject  of  investiga- 
tion by  several  independent  experimenters. 
Their  conclusions  are  awaited  with  interest. 

The  material  cannot  pass  as  a  continuous 
liquid  stream,  since  then  there  could  be  no 
interruptions  in  the  metallic  circuit  and  hence 
there  could  be  no  arc.  It  can  pass  as  a  series 
of  liquid  drops,  and  these  can  even  momen- 
tarily short-circuit  the  arc,  the  duration  of  the 
short-circuit  being  too  brief  to  be  apparent 
to  the  operator  or  ordinary  observer  unaided 
by  special  apparatus.  Or  the  drops  can  be 
so  minute  as  to  be  incapable  of  eft'ecting  a 
short-circuit.  If  this  should  be  the  case,  we 
can  conceive  of  the  metal  passing  as  a 
scream  of  finely-divided  liquid.  Still  another 
possibility  is  that  the  steel  may  pass  as  a 
highly-heated  gas  and  condense  on  the 
opposite  surfaces.  It  is  suggested  by 
phN'sicists  that,  in  its  passage  through  the  arc, 
the  steel  may.  undergo  instantaneous  trans- 
formations of  which  iio  hum.an  knowledge  at 
present  exists. 
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'riuTc  WDultl  appi'ar  In  \k-  iiinix-  of  tlu'^ii.' 
coiniik'x  |)os^il)ilitii's  in  nu'lal-arc  wi-'ldiiiK 
tlian  in  j^'as  welding,'  or  in  carhon-arr  wfldinj,'. 
Novcrlhelcss,  it  is  precisely  mclal-arc  welding 
which  is  at  present  i>rovinj;  very  attractive  to 
cnj^ineers.  It  is  too  early  to  return  a  verdict 
as  to  whether  this  wide-s])rea(]  tendency 
toward  metal-arc  weldinjj;  is  based  on  sound 
I)rcmises  or  whether  there  ultimately  may 
not  be  a  reaction  (for  certain  kinds  of  work) 
back  to  carbon-arc  welding;.  It  may  be 
that  there  has  been  undue  precipitancy  in  the 
general  stampede  which  has  taken  place 
from  carbon-arc  welding  (which  was  the  first 
to  be  de\-eloped)  to  metal-arc  welding,  which 
is  a  later  development. 

Spot  Welding 

Spot  welding,  as  developed  for  use  in  ship 
construction,  consists  in  bringing  into  good 
contact,  by  hydraulic  or  pneumatic  pressure, 
over-lapping  portions  of  the  jilates  or  parts 
requiring  to  be  joined,  and  in  sending  through 
the  spot  of  contact  a  sufficiently  large  cur- 
rent to  heat  the  plates  or  parts  at  this  point 
to  a  welding  temperature.  The  weld  is 
effected  by  the  combination  of  pressure  and 
heat.* 

Research 

When,  in  the  Spring  of  191S,  Professor  C.  A. 
Adams,  of  the  Welding  Committee  of  the 
Emergency  Fleet  Corporation,  appointed 
several  of  us  to  be  members  of  a  Welding 
Research  Sub-Committee,  we  found  our- 
selves facing  a  task  of  great  interest  and 
importance  and  of  enormous  magnitude.  It 
was  desired  that  our  investigations  should  be 
directed  chiefly  to  the  application  of  welding 
in  the  construction  of  the  hulls  of  merchant 
ships.  As  regards  such  mild-steel  plates  as 
are  employed  in  the  construction  of  merchant 
ships,  it  was  soon  demonstrated  that  while 
sound  and  quite  ductile  welds  could  be 
depended  upon  for  plates  of  not  over  one  half 
inch  thickness,  there  was  less  certainty  of 
good  results  with  plates  of  greater  thickness. 
But  at  that  time  there  was  no  general  recog- 
nition of  the  most  suitable  current  to  be 
employed  for  welding.  It  was  rare  to  find 
more  than  1.50  amperes  used,  even  for  the 
heaviest   work,    and   as   low   as    100   to    12.5 


♦Excellent  discussions  of  the  subject  of  spot  welding  and 
descriptions  of  several  spot  welders  built  for  use  in  ship  con- 
struction are  given  in  the  four  following  papers  in  the  General 
Electric  Review.  December,  1918:  Research  in  Spot  Welding  of 
Heavy  Plates,  by  W.  L.  Merrill,  p.  919;  Spot  Welding  and  Some 
of  its  Applications  to  Ship  Construction,  bv  H.  A.  Winne.  p.  923; 
An  Electrically  Welded  Freight  Car.  by  Jos.  A.  Osborne,  p.  912; 
Some  Recent  Developments  in  Machines  for  Electric  Spot 
Welding  as  a  Substitute  for  Riveting,  by  J.  M.  Weed.  p.  928. 


amperes  was  f(jund  to  be  frequently  employed 
for  welding  ])lates  of  half  inch  thickness. 

It  now  has  been  f|uile  conclusively  shown 
that  Stronger  and  mtjre  ductile  welds  of 
Iialf  inch  thick  plates  are  obtained  by  using  at 
least  200  amjjeres.  The  author  believes  that 
fully  ;i00  amiieres  shf)uld  be  used  for  butt- 
welding  three  quarter  inch  thick  plates  and  a 
matter  of  at  least  400  amjjeres  for  1-ineh 
thick  ]ilates.  These  arc  some  twice  as  great 
currents  as  have  heretofore  usually  been 
em])!oyed  in  arc-welding  plates  of  these 
thicknesses. 

In  view  of  this  subsequent  exijerience  it  is 
clear  that  the  disajjpointing  lack  of  strength 
and  ductility  in  certain  welds  of  thick  plates 
made  nearh-  a  year  ago  was  a  practicalh- 
certain  consequence  of  using  such  small 
currents. 

It  would  be  easy  to  yield  to  the  temptation 
to  enter  discursively  upon  comments  and 
opinions  regarding  the  many  points  on  which 
experienced  welding  specialists  hold  widely 
diverging  opinions.  All  these  specialists 
are  producing  thoroughly  reliable  work,  but 
this  is  not  saying  that  they  are  all  producing 
nearly  as  good  work  as  could  be  produced 
under  the  most  appropriate  conditions  for 
each  case.  Indeed,  the  author's  observ-ations 
lead  him  to  the  conclusion  that  while  excellent 
arc  welding  is  being  done  on  a  wide  scale, 
there  is  a  margin  for  improvement  over  the 
present  average  quality,  which,  so  far  as  it 
can  be  expressed  by  a  sort  of  resultant  of  such 
physical  characteristics  as : 

(a)  Bending  and  torsion  tests 

(b)  Tensile  strength 

(c)  Elongation  at  fracture 

may  be  assessed  as  amounting  to  at  least 
2.5  per  cent. 

Bare  and  Covered  Welding  Wire  ' 

As  to  bare  electrodes  it  is  generally  con- 
sidered that  uniformity  is  very  essential. 
An  operator  may  be  getting  along  very  nicely, 
but  will  suddenly  come  to  bad  places  in  the 
welding  wire.  Heretofore  it  has  been  con- 
sidered necessary  to  reject  such  wire.  The 
claim  is  now  made  by  some  people  that  by 
merely  dipping  the  electrode  wire  in  suitable 
material,  it  may  be  salvaged.  Thus,  in  the 
Welding  Committee's  specification  for  elec- 
trode wire  (given  on  page  449)  occurs  a  note 
to  the  eff'ect  that  "If  electrodes  to  the  above 
specification  sputter  or  flow  unevenly,  they 
may  be  dipped  in  m.ilk  of  lime  (whitewash) 
before  welding.     This  dipping  may  be  done 
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in  quantity  on  stock  on  hand  and  allowed  to 
dry,  or  the  welder  may  keep  a  pot  of  solution 
on  hand  into  which  the  electrode  may  be 
dipped  immediately  before  welding."  This 
method  of  salvaging  electrode  wire  was 
developed  by  the  Schenectady  Research 
Laboratory  of  the  General  Electric  Company. 
Also,  it  has  been  demonstrated  by  Mr.  E. 
Wanamaker  that  the  application,  by  dipping, 
of  a  kind  of  coating  which  he  has  developed 
(and  the  precise  composition  of  which  he  will 
doubtless  contribute  to  the  discussion  of  this 
paper),  permits  of  doing  good  work  with 
electrodes  which  would  otherwise  be  useless. 

Preferable  Kind  of  Covering  for  Welding  Wire 

With  regard  to  covered  electrodes,  while 
some  claim  that  a  thin  covering  obtained  by 
dipping,  accomplishes  the  desired  purpose, 
others  contend  that  it  is  desirable  to  provide 
a  thick  covering  of  appropriate  material, 
which,  in  turn,  is  suitably  impregnated. 
Moreover,  even  for  covered  electrodes,  the 
usual  belief  is  that  the  greatest  care  should  be 
given  to  the  composition  and  quality  of  the 
welding  wire  to  which  the  covering  is  applied. 
In  other  words,  it  is  not  generally  held  that 
the  use  of  inferior  wire  salvaged  as  indicated 
in  the  second  paragraph  back,  will  permit  of 
obtaining  the  best  quality  of  welds.  It  is  im- 
portant that  the  covering  shall  be  so  designed 
as  to  be  consumed  at  a  definite  rate  as  com- 
pared with  the  rate  of  consumption  of  the 
enclosed  welding  wire.  A  consequence  is  that 
any  particular  gauge  of  covered  welding  wire 
must  be  used  within  rather  close  current  limits. 
For  overhead  welding  one  firm  exploiting 
covered  electrode  supplies  a  special  (and  addi- 
tionally high-priced)  grade  in  which  the  cover- 
ing is  impregnated  with  a  more  viscous  material 
than  is  used  for  the  electrodes  which  the  firm 
supplies  for  other  welding  operations. 

Preferable  Composition  for  Bare  Welding  Wire 

There  is  a  great  diversity  of  practice  as  to 
the  preferred  composition  of  bare  electrodes 
suitable  for  welding  mild  steel  plates.  As 
instances  of  extremes  it  may  be  said  that 
amongst  widely  used  electrodes,  while  one 
type  consists  of  almost  pure  iron,  other  tyjDes 
have  nearly  two  tenths  of  one  per  cent  of 
carbon  and  one  half  of  one  per  cent  of 
manganese,  and  still  other  types  run  very 
much  higher  than  this  in  manganese.  This  is 
quite  aside  from  the  subject  of  special  com- 
positions for  welding  high-carbon  steel  and 
for  welding  cast  iron.     It  is  anticipated  that 

iblished   as   an  appendix  to  the 


quantitative  measurements  will  indicate 
superiority  in  tensile  strength  for  some  com- 
positions and  superiority  in  ductility  for  other 
compositions.  Mr.  R.  E.  Wagner  has  ex- 
hibited some  very  ductile  welds  made  with 
electrodes  containing  small  percentages  of 
magnesium  and  of  boron  sub-oxide. 

It  is  only  within  the  last  few  months  that 
there  have  been  available  any  specifications  for 
use  in  establishing  the  merits  of  welding 
wire.  These  are  now  available  in  the  Welding 
Committee's  specification  setting  forth  a 
"Standard  Procedure  for  Testing  Welding 
Electrodes. ' '  This  specification  was  prepared 
by  the  Welding  Research  Sub-committee  in 
collaboration  with  Professor  H.  L.  Whittemore, 
representing  the  Bureau  of  Standards,  and 
with  representatives  of  manufacturers  of 
welding  electrodes. 

In  Table  I  are  given  the  compositions  of 
various  electrodes  in  current  use. 

The  American  Steel  &  Wire  Company  has 
requested  the  omission  from  the  table  of  any 
analyses  of  electrodes  which  it  has  furnished 
for  arc  welding.  This  is  for  the  reason  that 
material  has  been  supplied  to  a  large  number 
of  users,  varying  considerably  in  analyses  in 
accordance  with  the  ideas  of  the  purchasers. 
There  does  not  as  yet  seem  to  be  an  agreement 
as  to  the  most  advantageous  chemical  com- 
position for  electrodes,  and  the  Company  is 
not  prepared  either  from  observations  of  the 
results  obtained  by  its  customers  or  from  its 
own  experimental  work  to  make  a  definite 
recommendation. 

The  Welding  Committee  has  issued  the 
following  specification  for  electrode  wire  for 
electric  welding.  The  specification  was  pre- 
pared under  the  immediate  direction  of  Mr. 
Herman  Lemp. 

Specification  for  Electrode  Wire  for  Electric  Welding 

in  Connection  with  Mild  Steel  * 

Welding  Committee  Emergency  Fleet  Corporation 

Revised  to  December  20,  1918 
(Note. — This  wire  may  or  may  not  be  covered.) 

1.  Chemical  Composition 

Carbon Not  over  0.18% 

Manganese Not  over  0.55% 

Phosphorus Not  over  0.05% 

Sulphui Not  over  0.05% 

Silicon Not  over  0.08% 

2.  Sizes  and  Weights 


Diameter,  in 
Mils 

Diameter,  in 

Fractions  of 

an  Inch 

Pounds  per 
100  Ft. 

Feet  per 
100  Lb. 

125 
156 

188 

4.16 
6.51 
9.37 

2400 
1535 
1066 

(Allowable  tolerance  six  mils  plus  or  minus.) 
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3.  Materiul. — 'Plic  mali'iial  from  wliich  tin-  wire 
is  manufactured  shall  he  made  bv  any  aijproved 
process.  Material  made  by  puddling,  process  not 
permitted. 

4.  Physical  Properties. — Wire  to  be  of  uniform 
homogeneous  structure,  free  from  oxides,  pipes, 
seams,  etc.,  as  proved  by  photomicrographs. 

Worktiianship  and  Finish. — 
Electric  welding;  wire  shall  be  of  the  quality 
and  finish  known  as  the  "  Bright  Hard"  or 
"Bright  Soft"  linish — "Black  Annealed" 
or  "Bright  Annealed"  wire  shall  not  be 
supplied. 
The  surface  shall  be  free  from  rust,  oil  or 
grease;  a  slight  amount  due  to  lubrication 
during  last  drawing  is  permissible. 
Tests. — Electrodes  must,  before  shipment  or 
after   delivery,   show   good   commercial   weldability 
when   tested   by  an  experienced   arc   welder.     The 
electrode  material  shall  flow  smoothly  in  relatively 
small  particles  through  the  arc  without  any  detri- 
mental phenomena. 


(a) 


(b) 


0. 


Note. — If  electrodes  to  above  specifications 
sputter  or  flow  unevenly,  they  may  be  dipped  in 
milk  of  lime  (whitewash)  before  welding.  This 
dipping  may  be  done  in  quantity  on  stock  on  hand 
and  allowed  to  dry,  or  welder  may  keep  a  pot  of 
solution  on  hand  into  which  the  electrode  is  dipped 
immediately  before  welding. 

7.  Delivery,  Packing,  and  Shipping. — Electrodes 
shall  be  furnished  in  straight  lengths  of  either  14 
inches  or  28  inches,  put  up  in  bundles  of  50  pounds  or 
100  pounds  as  ordered.  Each  bundle  shall  be 
wrapped  in  heavy  paper  securely  wired  and  marked 
on  one  end  showing  diameter  in  mils,  trade  name  and 
grade  of  wire. 

Composition  of  Metal  Deposited  in  Weld 

A  few  analyses  have  been  made  of  chemical 
compositions  of  the  metal  deposited  in  the 
weld.  Results  of  the  analyses  of  four  sets  of 
electrodes  before  and  after  the  metal  was 
dejiosited  are  quoted  below  from  the  Westing- 


TABLE  I 
COMPOSITION   OF   WELDING  ELECTRODES  FOR   METAL  ARC   WELDING 


Trade  Designation  of  Electrode  Carbon 


Page  Steel  &  Wire  Co. 

Armco ,     0.01 

Wilson  Welders  &  Metals  Co. 

Grade  No.  6 0.15 

to 
0.23 

Grade  No.  9 0.30 

to 

0.40 

Grade  No.  8 I     0.17 

!     to 

0.22 
Grade  No.  17 '     0.10 

Quasi-Arc  Co '     0.08 

to 
0.12 


Roebling  Co 0.16 

Toncan  Wire i  0.10 

Electric  Arc  Cutting  &  Weld- 
ing Co '  0.25 

Siemund  Wenzel  Co 0.10 

and 
under 

Norway-iron  Wire 0.05 

Double  Arc  Co.,  of  England.  0.085 
T.    Scott    Anderson    Co.,    of   ■ 

England 0.057 

E.  A.  Jones  &  Co.,  of  England  0.22 
Engineering  and   Equipment 

Co.,  of  England 0.12 

Central  Steel  &  Wire  Co. 

Swedox 0.05 

The  Spencer  Wire  Co. 

Basic    open    hearth     steel 

electrode J% 0.06 


Manganese  Phosphorus     Sulphur    I      Silicon 


0.025 

0.60 
to 
0.75 
about 
1.00 


0.45 
0.30 

to 
0.45 
0.45 

to 
0.55 


0.56 
0.16 

0.30 
0.30 
to 
0.50 
0.02 
0.35 

0.32 
0.25 

0.51 

0.18 


0.005    I     0.025    . 
less  than  less  than 


less  than 
0.04 


less  than 
0.04 


0.00 

to 

0.06 


0.032 
0.01 

0.05 
0.05 
and 
under 
0.025 


0.001 


0.013 

and 
under 


less  than! 
0.04 


less  than 
0.04 


0.00 

to 

0.06 


0.024 
0.046 

0.05 
0.05 
and 
under 
0.007 
0.054 

0.026 
0.026 


0.03 

and 
under 


0.05 

to 

0.08 


0.016 

trace 


0.05 

trace 


0.08 
0.108 


0.014 
0.024 


Also  0.25  per  cent  copper 


Flux  covering  of  blue  asbestos 
fiber  (Crocidolite)  enclosing 
percentage  of  aluminum  or 
other  metal  in  form  of  fine 
wire  capable  of  giving  strong 
reducing  action. 


Flux  covered. 

Flux  covered. 

Nickel-plated  and  flux  covered 

Flux  covered. 
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house  Chapter  in  Captain  Caldwell's  report. 
To  these  results  are  added  analyses  of  Toncan 
Wire  as  supplied  to  the  author  by  Mr.  R.  E. 
Wagner.  It  is  notable  that  most  of  the 
carbon  and  manganese  is  burned  out  in 
traversing  the  arc. 

Polarity 

For  carbon-arc  welding,  the  standard 
practice  is  to  connect  the  graphite  electrode 
to  the  negative  terminal.  Mr.  Wagner  states 
as  his  experience  that  it  is  verj?  difficult  to 
weld  with  the  carbon  arc  when  the  polarity 
of  the  carbon  is  positive.  He  states  it  to  be 
almost  impossible  to  direct  the  heat  to  the 
point  desired  and  the  welding  qualities  of  the 
arc  under  this  condition  are  very  poor.  He 
concludes :  ' '  Our  experience  has  taught  us 
that  it  is  next  to  impossible  to  weld  with  a 
carbon  arc  unless  the  work  is  positive  and 
the  electrode  negative." 

For  metal  arc  welding  with  bare  wire,  the 
electrode  is  usually  connected  to  the  negative 
terminal,  but  instances  occur  of  bare  welding 
wire  which  works  best  when  the  opposite 
polarity  is  employed.  Also  for  some  par- 
ticular sizes  and  sorts  of  welds  best  results  are 
som.etim.es  obtained  by  a  reversal  of  the 
polarity.  With  electrodes  heavily  covered 
with  flux,  the  positive  terminal  is  almost 
always  connected  to  the  electrode.  Plenty 
of  more  or  less  plausible  reasons  for  these 
differences  have  been  offered  on  various 
occasions.  On  careful  reflection  none  of  these 
reasons  proves  jjarticularly  satisfying. 
Amongst  other  considerations  the  fact  of  the 


*  For  discussion  of  alternating-current  versus  direct-current  for 
arc  welding,  see  article  by  H.  M.  Hobart,  General  Electric 
Review,  December,  191S,  page  840. — Editor. 


entire  practicability  of  arc  welding  from  an 
alternating-current  circuit  and  of  overhead 
welding  have  to  be  taken  into  account  in 
judging  some  of  these  explanations.  As  j^et, 
we  have  no  satisfactory  hypothesis  as  to  what 
goes  on  in  the  welding  arc. 

Direct  Current  versus  Alternating  Current  for  Arc, 
Welding 

While  up  to  rather  recently  it  had  usually 
been  contended  that  arc  welding  required  a 
direct-current  supply,  there  are  now  many 
advocates  of  alternating  current.*  At  present 
there  appears  to  be  no  agreement  as  to  the 
applicability  of  alternating  current  to  carbon 
arc  welding. 

Periodicity  for  Alternating-current  Arc  Welding 

Amongst  the  advocates  of  the  use  of 
alternating  current,  there  is  no  agreement 
with  reference  to  the  periodicity.  Although 
it  is  generally  maintained  that  arc  welding  is 
only  thoroughly  practicable  with  as  high 
a  periodicity  as  50  or  60  cycles  per  second, 
there  is,  on  the  other  hand,  expression  given 
to  the  opinion  that  the  use  of  twenty-five 
cycles,  or  less,  is  equallv  satisfactory.  In 
October,  1918,  A^lr.  R.  E.  Wagner  reported  to 
the  Welding  Research  Sub-committee  that  at 
the  Pittsfield  Works  of  the  General  Electric 
Com.pany  he  had  found  from  his  tests  that 
alternating  current  for  arc  welding  could  be 
used  with  a  frequencj^  as  low  as  123^  cycles 
and  as  high  as  500  cycles.  Mr.  Wagner  states 
that  while  there  is  no  difficulty  at  either  of 
these  extreme  periodicities,  the  arc  is  more 
readily  held  at  500  cycles  than  at  123/^ 
cycles. 


Analyses  of  Electrode 

— Per  Cent  of  Impurities 

Carbon 

Manganese 

Phosphorus 

Sulphur 

Silicon 

0.16 
0.049 
0.11 
0.13  to  0.17 
0.1.0 

0.56 

0.021 

0.72 

0.50 

0.16 

0.032 
0.025 
0.097 
0.012 
0.010 

0.024 
0.007 
0.123 
0.045 
0.046 

0.016 

Norway 

C.  R.  S 

H.  R.  S 

Toncan 

0.08 
0.011 
0.011 
trade 

Analyses  of  Deposited  Metal — Per  Cent  of  Impurities 


Roebling. 
Norway. 
C.  R.  S.. 
H.  R.  S. . 
Toncan.  . 


0.05 
0.05 
0.05 
0.14 
0.042 


Manganese 


0.18 

0.018 

O.U 

0.14 

0.081 


0.031 
0.020 
0.086 
0.012 
0.019 


0.036 
0.072 


0.039 
0.026 


0.011 
0.011 
0.011 
0.011 
0.000 
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Bare  or  Covered  Electrodes  for  Alternating-current 
Arc  Welding 
While  some  maintain  that  arc  \veldin}(  with 
altematinf;  current  is  only  at  its  Ix'st  when 
flux-covered  elect rt)dcs  are  used,  it  ajijjcars 
to  have  been  conclusiveh'  demonstrated  by 
others  that  excellent  results  are  bcinj:  obtained 
under  commercial  conditions  with  bare  elec- 
trodes and  an  alternating-current  su])ply.  A 
novice  can  more  quickly  learn  to  weld  from 
an  alternating-current  supply  if  he  employs 
flux-covered  electrodes.  But  if  he  can  ul- 
timateh'  learn  to  weld  just  as  rapidly  and 
s;iccessfully  with  bare  electrodes,  the  diffi- 
culties in  the  initial  stages  of  his  education 
should  not  be  regarded  as  being  of  much 
consequence.  Mr.  Wagner  finds  that  when 
welding  with  alternating  current,  "manipula- 
tion may  be  simplified  in  many  cases  by 
treating  the  electrode  with  a  thin  coating  of 
ordinary  lime." 

Relative  Speeds  of  Alternating-current  and  Direct- 
current  Arc  Welding 

Some  contend  that  alternating-current  weld- 
ing is  slower.  Mr.  R.  E.  Wagner,  who  has 
had  much  to  do  with  the  development  of  both 
kinds  of  welding,  states  that  "on  the  average 
the  speed  of  welding  with  alternating  current 
and  direct  current  are  about  the  same/  We 
have  had  cases  where  alternating  current  is 
faster  and  vice  versa." 

Consideration  of  the  Power  Factor  for  Alternating- 
current  Arc  Welding 

A  view  presented  with  considerable  per- 
sistency is  that  the  low  power-factor  associated 
with  alternating-current  welding  leads  to 
capital  and  operating  costs  ofT-setting  any 
advantages.  One  answer  made  is  to  the 
effect  that  since  for  ship  welding  on  an 
extensive  scale,  motor-generators  are  required, 
this  only  affects  the  generator  and  its  circuit 
and  does  not  affect  conditions  as  regards  the 
motor  or  the  circuit  from  which  it  is  supplied. 

Consideration  of  the  Circumstances  that  Alternating- 
current  Arc  Welding  is  Essentially  a  Single- 
phase  Load 

Similar  considerations  are  involved  in 
regard  to  the  necessity  of  providing  for  the 
characteristics  of  a  single-phase  load.  It  is 
well  known  that  single-phase  motors  and 
-generators  are  much  heavier,  more  expensive 
and  less  efficient  than  polyphase  motors  and 
generators.  With  30  or  4U  arc  welding  outfits 
distributed    fairly    evenly    on    the    different 
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])ha.ses  of  a  i)(jlyphase  system,  the  load  would 
hf  sufficiently  balanced  to  be  .satisfactory, 
but  this  would  corresjjond  to  an  unusually 
large  welding  installation.  In  most  cases  it 
will  be  necessary  to  arrange  for  the  welding 
to  constitute  a  single-])hase  load  and  to  make 
adequate  provision  to  obtain  satisfactory 
service  with  this  condition. 

Regarding  the  possibility  of  improving  the 
power  factor,  Mr.  W.  S.  Moody  makes  the 
following  very  suggestive  statement.* 

"Where  a  number  of  arcs  are  to  be  used 
within  a  reasonable  distance  of  each  other, 
the  series  system  may  be  used.  In  this 
arrangement  the  secondary  of  an  ordinary 
constant-current  transformer  supplies  current 
to  the  primary  of  all  the  welding  transformers 
in  series.  The  individual  transformers  in- 
sulate the  welding  apparatus  from  the  series 
circuit  and  transform  from  the  series  current 
to  current  of  proper  value  for  the  arc.  In  this 
case  the  inherent  reactance  of  the  series 
transformer  is  low,  but  other  features  of  the 
design  are  the  same  as  those  discussed  above. 
The  power  factor  of  such  a  system  can  be 
safely  made  much  higher  than  where  indi- 
vidual arcs  are  operated  in  multiples  from 
constant  potential  circuits." 

Spot  Welding  is  a  Single-phase  Load 

Mr.  J.  M.  Weed,  who  has  had  a  great  deal 
of  experience  with  large  spot  welders,  has 
kindly  written  the  following  paragraph  on 
this  subject: 

"For  welding  plates  from  ?s  ir*-  to  ?<i  in.  in 
thickness,  the  single-phase  currents  required 
would  be  from  30.000  to  50,000  amperes  and 
the  kilovolt  amperes  required  at  60  cycles 
would  range  between  300  and  900  at  power 
factors  of  from  0.35  to  0.50.  These  low 
power  factors,  combined  with  the  fact  that 
this  load  would  be  for  short  periods  at  ven,' 
frequent  intervals,  would  make  it  decidedly 
undesirable  from  the  central  station  stand- 
point. The  condition  would  be  much  im- 
proved at  25  cycles,  as  the  same  machine 
would  operate  equally  as  well  at  25  cycles 
as  at  60  cycles,  with  about  half  the  kilovolt 
amperes  and  about  double  the  power  factor. 
The  inter\'als  of  operation  would,  however, 
be  the  same  as  for  60  cycles.  If,  however,  a 
motor-generator  set,  with  suitable  flywheel 
attached,  be  provided  for  operating  these 
machines,  these  disadvantages  are  all  prac- 
tically eliminated,  this  arrangement  being 
such  that  the  motor  stores  up  energy  in  the 
flywheel  during  the  inter\-al  of  no  load,  the 
flywheel  supplying  a  large  part  of  the  energj- 
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during  the  period  of  welding.  By  this  means, 
for  instance,  a  single  phase  load  of  900  kv-a. 
at  0.50  power  factor  for  30  second  periods 
and  with  intervals  of  13^  minutes  between 
periods  would  be  converted  to  a  practically 
continuous  3-phase  load  of  approximately 
200  kv-a.  at  about  0.S5  p-f." 

Ductility  of  Arc  Welds 

Attention  has  been  pertinaciously  drawn 
to  results  of  a  very  few  tests  which  have 
appeared  to  indicate  that  metal-arc  welds  are 
inherently  utterly  deficient  in  ductility,  yet 
the  Committee  has  had  also  before  it  the 
results  of  many  well-authenticated  tests  of 
ductile  metal-arc  welds. 

It  has  been  claimed  that  gas  welds  are  more 
ductile.  On  this  matter  Mr.  R.  E.  Wagner 
writes : 

"At  several  meetings  of  the  Welding  Com- 
mittee, special  stress  has  been  brought  to 
bear  on  the  bending  qualities  of  acetylene  and 
gas  welds.  We  have  done  some  experiment- 
ing with  average  acetylene  and  arc  welders, 
and  our  impression  is,  that  the  acetylene 
and  arc  welds  are  in  the  same  class  with 
respect  to  bending.  I  submit  herewith  a 
■photograph  showing  comparative  bends  in 
acetylene  and  arc-welded  joints.  Both  welds 
were  taken  from  half-inch  plate  and  both 
samples  were  bent  under  the  same  con- 
ditions, that  is,  the  sharp  edge  of  an  angle 
iron  was  placed  along  the  weld  and  pressure 
applied  to  the  angle  iron  to  make  a  sharp 
bend.  These,  I  think,  are  average  comparative 
results.     *****     ^g   £^j.   g^g    Qm.   gj,. 

periments  are  concerned,  we  feel,  as  regards 
physical  characteristics,  that  acetylene  and 
arc  welds  are  in  the  same  class." 

Respective  Fields  of  Gas  and  Electric  Arc  Welding 

On  this  subject,  under  late  of  October  22, 
1918,  Mr.  R.  P.  Jackson,  of  the  Westinghouse 
Electric  &  Mfg.  Co.,  reports  to  the  Welding 
Research  Sub-committee  as  follows : 

"With  reference  to  the  comparative  uses 
or  fields  of  gas  and  electric-arc  welding  which 
came  up  at  the  last  meeting,  it  was  thought  it 
might  be  well  for  some  of  us  to  express  our 
opinions  on  the  matter  based  on  our  experience 
with  both  kinds  of  welding.  In  general,  we 
have  found  gas  welding  to  be  more  satisfac- 
tory for  thin  material,  say  J's  in.  and  under, 
and  for  general  repair  work,  particularly 
where  various  kinds  of  steel  and  cast  iron  are 
involved.  For  example,  if  repairs  have  to  be 
made  on  broken  machinery,  lugs  rebuilt, 
pieces    attached    to    high-carbon    steel    and 


work  of  this  character,  then  the  gas-welding 
methods  are  superior  and  the  extra  cost  not 
ordinarily  prohibitive.  When  it  comes,  how- 
ever, to  depositing  a  large  amount  of  metal 
and  welding  up  structural  steel  or  plates  of 
14^  in.  thickness  and  upward,  the  results 
obtained  by  the  ordinary  direct-current  arc 
with  the  metal  electrode  are  at  least  equal  to 
the  gas  welding  work  and  certainly  cheaper. 
In  general,  too,  the  finish  of  gas  welding  is 
more  regular  and  better  looking  and  where 
that  is  a  consideration  it  may  give  a  preference 
to  gas.  In  fact,  in  the  Westinghouse  factory 
at  East  Pittsburgh,  there  has  been  con- 
siderably more  gas  work  done  than  electric, 
but  the  electric  arc  welding  is  on  the  increase, 
not  so  much  in  displacing  gas  as  in  displacing 
riveting." 

A  view  taken  from  a  gas  welding  publication 
is  as  follows : 

"The  arc  process  is  chiefly  used  for  filling 
up  blow  holes  in  large  steel  or  iron  castings 
and  building  up  worn  surfaces  which  have 
not  to  be  machined.  With  this  process  the 
results  obtained  are  somewhat  uncertain,  and 
it  is  generally  conceded,  apart  from  the  vital 
question  of  cost,  that  fusion  produced  by  the 
burning  of  gases  is  to  be  preferred  to  the 
electric  process.  Welds  made  by  the  electric 
process  are  sometimes  rough,  hard,  brittle, 
and  unworkable — in  most  cases  this  is  highly 
objectionable,  but  not  always  so.  With  any 
fusion  method  of  welding,  annealing  of  the 
metal  adjacent  to  the  weld  is  desirable.  It  is 
impossible  to  do  this  annealing  with  an 
electric  welder,  but  with  gas  welding  the  blow 
pipe  flame  can  be  used  for  heating  up  the 
metal  surrounding  the  welded  part,  and  also 
for  heating  metal  away  from  tjhe  weld,  so  as 
to  counteract  any  strains  that  may  be  set  up 
in  the  piece  as  the  weld  cools  off.  There  are 
certain  classes  of  work  for  which  electric 
welding  is  the  most  suitable  system,  and,  on 
the  other  hand,  there  are  many  classes  of 
work  where  it  would  be  most  impractical,  and 
which  can  be  done  satisfactorily  only  with 
gas  welding.  For  general  workshop  use,  a 
gas  welding  outfit  is  far  better,  not  only 
because  of  its  greater  economj^  in  installation 
and  operation,  but  also  because  of  its  wider 
range  of  usefulness." 

In  the  absence  of  any  experience  to  the 
contrary,  this  latter  view  appears  fairly 
plausible,  and  it  is  natural  that  it  should  have 
received  wide  acceptance.  But  an  enormous 
volume  of  experience  in  arc  welding  has 
gradually  accum.ulated  and  it  controverts  the 
correctness  of  the  view,     tfnfortunatelv  the 
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cx])criincntal  tlat;i  ju'ailahk'  on  t  lie  suhiort, 
of  >,'as  wrldinj.;  is  suri)risiii};ly  inca^'rc.  Thi' 
Wi'l(!in<;  Rt'scarcli  Siih-coinmiUce  has  con- 
I'huk'il  that  there  is  ])rac-tifally  no  test  data 
Irom  wliioh  it  can  draw  any  safe  },'on<.'raliza- 
tions  as  to  tlic  mechanical  characteristics  of 
gij.?  wcUls,  and  tlial  it  will  he  necessary  to 
embark  u])on  its  own  inwslij^'ations  to  obtain 
suitable  data. 

Gas  weldinj:;  was  an  established  art  before 
there  was  any  larjje  amount  of  electric  weld- 
ing;. This  was  still  the  state  of  alTairs  in 
Eny;land  until  shortly  before  the  author  was 
there  in  the  Autumn  of  1917.  But  the 
war  conditions  had  occasioned  in  England 
such  a  shortage  of  sup])lies  of  oxygen  and 
carbide  that  the  Government,  as  a  war 
measure,  practically  forced  the  wide  sub- 
stitution of  arc  welding  for  gas  welding. 
The  British  Government,  in  entering  upon 
this  policy,  had  relatively  little  concern  as  to 
the  comparative  merits  of  the  two  methods 
except  in  so  far  as  that  any  merit  or  advan- 
tages found  to  be  associated  with  arc  welding 
would  naturally  assist  in  bringing  about  its 
use  in  place  of  gas  welding. 

It  was,  however,  with  considerable  suri)rise 
that  it  was  ascertained  that  the  true  economic 
field  for  arc  welding  as  compared  with  gas 
welding  was  a  very  wide  one,  and  that, 
simply  due  to  inertia  and  tradition,  engineers 


had  been  continuing  in  the  contrary  belief' 
Major  James  Caldwell,  of  the  Admiralty 
Controller's  Dejiartment,  had  wide  resprmsi- 
bilities  in  this  task  of  substituting  arc  welding 
as  rai)i(!ly  and  generally  as  jxtssible.  Major 
Caldwell  i)rovided  the  author  with  the 
residts  of  his  investigations  into  the  relative 
costs  of  gas  and  electric  arc  welding.  These 
results,  which  correspond  to  conditions  in 
December,  1!)17,  are  set  forth  in  Table  II. 

From  Table  II  it  is  seen  that  electric-arc 
welding  w:us  found  to  be  a  faster  jjrocess  for 
all  thicknesses  of  steel.  The  British  Admiralty 
results  furthermore  indicate  the  economic 
field  for  the  two  methods.  The  verdict  from 
the  data  in  the  table  is  in  favor  of  gas  welding 
for  thin  j^lates  and  of  electric-arc  welding  for 
thick  jjlates.  But  the  comparison  is  based 
on  the  very  high  cost  of  electrodes  set  forth 
below : 


Cost    in    '    Feet  per 
Standard  W.re  Gauge          Cents  per  1   P°-^„°f 

*°°'       1  Iron  Wire 

1 

Cost  in 

Cents  per 

Pound 

Number  8 |       3.6 

15 
23 
35 

54 

Number  10 i       2.6 

60 

Number  12 2.4 

84 

By^  substituting  a  typical  American  price 
for   labor  and  substituting  the  cost  of  bare 


TABLE  II 
COMPARATIVE  COSTS  OF   WELDING  BY  OXYACETYLENE  AND  ELECTRIC  ARC 


ness  of 
Metal. 
Inches 


OXYACETYLENE 


Thick-    GasperHou^  Cost  for!    Iron 
Acety-     p  , 


Oxygen 
Cubic 
Feet 


Me 


Foot         for 

Run     Filling, 

Pence     Pence 


Labor 
per 

Foot 
Run 


ELECTRIC  ARC 


OXYACETYLENE      ELECTRIC  ARC 


Power  per  Foot  Run 


Volts     Amp. 


Labor 
per 
Foot 
Run, 

Pence 


Cost  of  Electrodes 
per  Foot  Run,  Pence 


2.0     0.116      0.131      0.40 
6.3      0.77       0.196      0.856 


9.0  1.72 

13.0  2.70 

16.0  4.21 

24.0  6.82 

29.0  9.90 


0.262  1.33 

0.250  1.50 

0.327  1.714 

0.458  I  2.00 

0.655  2.40 


34.0  14.50  I  0.786   3.00 


100 
100 
100 
100 

100 
100 
100 
100 


100 
140 
110 
120 
120 
120 


0.075 

0.312 

0.50 

0.70 

1.10 

1.61 


24  in.  No.  10  =2.64 


=5.58 
=8.04 


Labor  taken  at  1  shilling  per  hour. 
Oxygen  taken  at  !-■>  pence  per  cu.  ft. 
Acetylene  taken  at  1  pence  per  cu.  ft. 
Iron  for  filling  taken  at  0.131  pence 

per  ft. 
The  above  figures  are  based  on  the 

British  Oxygen  Co.  standards. 


Labor  taken  at  1  shilling  per  hour. 
Current  taken  at  1  pence  per  B.O.T.  unit. 
Electrodes.  No.  10.  1.32  pence  per  ft. ;  No.  8,  1.8  pence 
per  ft.;  No.  12,  1.2  pence  per  ft. 


Feet 
Run 
per 
Hour 


Total  Total 

Cost  Feet  Cost 

per  Run  per 

Foot  per  ,    Foot 

Run.  Hour  Run. 

Pence  i  Pence 


0.647 
1.822 
3.312 
4.45 


9.278 
12.955 
18.286 


40.0  1.575 

'24.0  2.612 

20.0  [  3.74 

20.0  4.90 

10.0  6.32 

7.4  I  8.802 

6.0  12.04 

5.0  14.40 
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electrodes,  such  as  are  used  with  entire 
success  in  America,  in  place  of  the  cost  of 
flux-covered  electrodes  of  the  expensive  type 
employed  in  arriving  at  the  results  set  forth 
in  the  table,  the  revised  results  show  a  lower 
cost  for  arc  welding  than  for  gas  welding  for 
all  thicknesses  above  xt  iii^-  The  question 
of  the  quality  of  the  weld  is  another  matter, 
but  judging  from  the  general  reputation  of 
the  work  of  all  sorts  done  by  gas  welding  and 
by  electric-arc  welding,  they  are  both 
thoroughly  reliable.  No  more  exact  com- 
parison can  be  made  till  we  have  carried 
through  to  completion  really  elaborate  tests 
of  gas  welds  in  order  to  permit  of  making  a 
sound  comparison  with  the  large  amount  of 
research  data  already  obtained  with  electric- 
arc  welds. 

In  response  to  a  request  for  his  opinion  as 
to  the  respective  fields  for  gas  and  electric 
arc  welding,  Mr.  R.  E.  Wagner,  of  the 
Pittsfield  Works  of  the  General  Electric 
Company,  writes  as  follows : 

"The  present  well-tried  field  for  electric- 
arc  welding  is  confined  entirely  to  welding 
plates  and  forms,  and  a  great  deal  of  work 
has  been  done  on  plates  varying  in  thickness 
from  xt  iri-  to  ^  in.  Up  to  J^in.  plates,  the 
cost  of  gas  and  electric  welding  is  about  the 
same.  Beyond  this,  the  cost  is  in  favor  of 
the  electric  process.  No  difficulty  is  ex- 
perienced in  machining  electric  welds  made 
with  the  metallic  electrode.  While  it  is 
recognized  that  the  electric-welded-in  material 
will  not  stand  bending  equal  to  that  of  the 
plate  in  which  it  is  deposited,  it  is  on  the 
average  equal  to  gas-deposited  material  in  this 
respect." 

Relative  Ductility  of  Arc  Welds  Made  Respectively 
With  Bare  and  Covered  Electrodes 

By  some  authorities,  ductility  is  believed 
to  be  most  readily  obtained  by  employing 
flux-covered  electrodes.  On  the  other  hand, 
the  Committee  has  knowledge  of  several  kinds 
of  bare  electrodes  of  various  compositions 
which,  in  competent  hands,  make  reasonably 
ductile  welds. 

Speed  of  Arc  Welding 

All  sorts  of  values  are  given  for  the  speed, 
in  feet  per  hour,  with  which  A^rious  types  of 
joints  can  be  welded.  Operators  making 
equally  good  welds  have  widely  varying 
degrees  of  proficiency  as  regards  speed.  Any 
quantitative  statement  must  consequently 
be  of  so  guarded  a  character  as  to  be  of 
relatively  small  use.     In  general,  and  within 


reasonable  limits  the  speed  of  welding  will 
increase  considerably  when  larger  currents 
are  employed.  It  appears  reasonable  to 
estimate  that  this  increase  in  speed  will 
probably  be  about  25  to  35  per  cent  for  high 
values  of  current.  This  increase  is  not 
directly  proportional  to  the  current  emploA'ed 
because  a  greater  proportion  of  time  is  taken 
to  insert  new  electrodes  and  the  operator  is 
working  under  more  strenuous  conditions. 
Incidentally,  the  operator  who  employs  the 
larger  current  will  not  only  weld  quicker  but 
the  weld  will  have  also  better  strength  and 
ductility. 

On  this  point  Mr.  Wagner  writes  as  follows: 

"I  would  not  say  that  speed  in  arc  welding 
was  proportional  to  the  current  used.  Up  to 
a  certain  point  ductility  and  strength  improve 
with  increased  current,  but  when  these  con- 
ditions are  met,  we  do  not  obtain  the  best 
speed  due  to  increased  heating  zone  and 
size  of  weld  puddle.  Speed  may  fall  off  when 
current  is  carried  beyond  certain  points." 

In  a  research  made  by  Mr.  William 
Spraragen  for  the  Welding  Research  Sub- 
committee on  several  tons  of  half-inch-thick 
(12.7  mm.)  ship  plate,  the  average  rate  of 
welding  was  only  two  feet  (0.6  m.)  per  hour. 
Highly  skilled  welders  were  employed,  but 
they  were  required  to  do  the  best  possible 
work,  and  the  kinds  of  joints  and  the 
particular  matters  under  comparison  were 
very  varied  and  often  novel. 

However,  in  the  researches  carried  on  by 
Mr.  Spraragen  it  was  found  that  about  1.9 
lb.  (0.8  kg.)  of  metal  were  deposited  per 
hour  when  using  a  ^  in.  (3.9  mm.)  bare 
electrode  and  with  the  plates  in  a  flat  position. 
The  amount  of  electrodes  used  up  was  about 
2.7  lb.  per  hour,  of  which  approximately 
16.5  per  cent  was  wasted  as  short  ends  and 
13  per  cent  burnt  or  vaporized,  the  remainder 
being  deposited  at  the  speed  of  1.9  lb.  per 
hour  mentioned  above. 

For  a  12-foot-cube  tank  of  3^-in.  thick 
steel  welded  at  Pittsfield,  the  speed  of  welding 
was  three  ft.  per  hour.  The  weight  of  the 
steel  in  this  tank  was  16,000  pound  and  the 
weight  of  electrode  used  up  was  334  lb.  of 
which  299  lb.  was  deposited  in  the  welds. 
The  total  welding  time  was  165  hours  corre- 
sponding to  using  up  electrodes  at  the  rate  of 
just  two  pounds  per  hour.  The  total  length 
of  weld  was  501  ft.,  the  weight  of  electrode 
used  up  per  foot  of  weld  thus  being  0.60  lb. 
The  design  of  this  tank  comprised  18 
different  types  of  welded  joint.  Several 
different  operators  worked  on  this  job  and 
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the  avoraK'f  t'lirrt-nt  \k-v  (ipiTutor  was  l.'ji) 
amperes. 

For  the  British  ll2.")  fl.  lonj^  cross-channel 
bar>je  for  wliich  the  shell  plalinj;  was  composed 
of  ^i-in.  and  i\  in.  thick  plates,  in  Mr.  II. 
Jasper  Cox's  jjajjcr  read  before  the  Society  of 
Naval  Architects  on  November  1.'),  lUIN,  and 
entitled,  "The  Application  of  Electric  Welding 
to  Ship  Construction.  "  it  is  stated  that : 

"After  a  few  initial  difficulties  had  been 
overcome,  an  averajje  sjjced  of  welding  of 
seven  ft.  per  hour  was  maintained,  including 
overhead  work  which  averaged  from  three  to 
six  ft.  per  hour." 

In  a  report  appearing  on  page  07  of  the 
Minutes  and  Records  of  the  Welding  Research 
Sub-committee  for  June  2.S,  li)I8,  Mr.  O.  A. 
Payne,  of  the  British  Admiralty,  states: 

"A  good  welder  could  weld  on  about  one 
pound  of  metal  in  one  hour  with  the  No.  10 
Quasi-Arc  electrode,  using  direct  current  at 
100  volts.  An  electrode  containing  about 
l}^  ounces  of  metal  is  used  up  in  about  three 
minutes,  but  this  rate  cannot  be  kept  up 
continuously." 

The  Quasi-Arc  Co.  publishes  the  following 
data  for  the  speed  of  arc  welding  in  fiat 
position  with  butt  joints,  a  60  deg.  angle 
and  a  free  distance  of  ^g  in. 

Speed  in  Feet  per  Hour 


30 
18 

0 

1..3 


I  cannot,  however,  reconcile  the  high  speed 
of  welding  34-in.  plate  published  by  the 
Quasi-Arc  Co.  at  six  ft.  per  hour,  with  the 
report  given  above  by  the  British  Admiralty 
that  a  good  welder  deposits  one  pound  of 
metal  per  hour  with  the  Quasi-Arc  electrode. 
If  the  rate  given  by  the  Quasi-Arc  Co.  is 
correct,  it  would  mean  that  about  four  lb. 
of  metal  were  deposited  per  hour.  On  this 
basis,  the  rate  must  have  been  computed  on 
the  time  taken  to  melt  a  single  electrode  and 
not  the  rate  at  which  a  welder  could  operate 
continuously,  allowing  for  his  endurance  and 
for  the  time  taken  to  insert  fresh  electrodes  in 
the  electrode  holder  and  the  time  taken  for 
cleaning  the  surface  of  each  layer  before  com- 
mencing the  next  layer. 

From  his  observations  the  author  is  of  the 
opinion  that  a  representative  rate  for  a  good 
welder    lies    about    midwav    between    these 


\'alues  given  respectively  by  Mr.  Faync  and 
by  the  Quasi-Arc  Co.,  say  for  l/z-m.  jjlales 
some  two  lb.  jjer  hour.  This,  it  will  he 
observed,  agrees  with  Mr.  Spraragen's  ex- 
perience in  welding  up  some  six  tons  of  J/j^-in. 
shi|)  plates  with  a  dozen  or  more  varieties  of 
butt  joint  and  Mr.  Wagner's  results  with  the 
eight-ton  tank.  Even  this  rate  of  two 
lb.  ])er  hour  is  only  actual  time  of  welding 
ojjcrator  after  his  jjlates  are  clamped  in 
]josition.  This  preliminary  work  and  the 
preparation  of  the  edges,  which  is  quite  an 
undertaking  and  requires  other  kinds  of 
artisans,  accounts  for  a  large  amount  of  time 
and  should  not  be  underestimated. 

The  practice  heretofore  customary  of 
stating  the  speed  of  welding  in  feet  per  hour 
has  led  to  endless  confusion  as  it  depends  on 
type  of  joint,  height  of  welt  and  various 
details.  A  much  better  basis  is  to  express  the 
speed  of  welding  in  pounds  of  m_etal  deposited 
per  hour.  Data  for  the  pounds  of  metal 
deposited  per  hour  is  gradually  becoming 
quite  definite.  The  pounds  per  foot  of  weld 
of  metal  required  to  be  deposited  can  be 
readily  calculated  from  the  drawings  or 
specifications.  With  the  further  available 
knowledge  of  the  average  waste  in  electrode 
ends  and  from  other  causes,  the  required 
amount  of  electrode  material  for  a  given  job 
can  be  estimated. 

Suitable  Current  for  Given  Cases 

For  a  given  type  of  weld,  for  example,  a 
double  Vee  weld  in  a  }^2-iri.  thick  ship 
plate,  it  was  found  that  while  some  operators 
employ  as  low  as  100  amperes,  others  work 
with  over  150  amperes.  Some,  in  making 
such  a  weld,  employ  electrodes  of  only  }■'§  in. 
diameter  and  others  prefer  electrodes  of  twice 
as  great  cross-section.  For  the  particular 
size  and  design  of  weld  above  mentioned,  the 
Welding  Research  Sub-committee  has  had 
welds  m.ade  with  from  200  to  300  amperes. 
The  conclusion  appears  justified  that  the 
preferable  current  for  such  a  weld  is  at  least 
200  amperes.  If  the  weld  of  the  3^2-in. 
thick  plate  is  of  the  double-bevel  type,  some 
.50  amperes  less  current  should  be  used  for 
the  bottom  layer  than  is  used  for  the  second 
layer,  if  two  layers  are  used.  For  ?^4-in. 
thick  plates,  the  most  suitable  welding 
current  is  some  300  amperes.  This  is  of 
the  order  of  twice  the  current  heretofore  most 
usually  employed  for  such  a  weld. 

Mr.  Wagner  writes;  "We  have  made  a 
number  of  tests  to  determine  the  efTect  of 
varving  current  on  the  strength  of  the  weld. 
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Tests  were  made  on  a  3^-in.  plate  with  current 
values  as  follows:  80,  125,  150,  180,  202,  275, 
and  300  amperes.  These  tests  show  improve- 
ment in  the  tensile  strength  and  bending 
qualities  of  welds  as  the  current  increases. 
The  speed  of  welding  increases  up  to  a  certain 
point  and  then  decreases." 

Effect  on  Arc  Welding  of  Voltage  Employed 

Mr.  Wagner  reports  as  follows : 

"We  have  made  a  number  of  tests  to 
determine  the  influence  of  variable  voltages 
on  the  strength  and  character  of  electric 
welds.  The  experiments  were  made  welding 
3^  in.  plate  with  150  amperes  held  constant 
and  voltage  varying  as  follows:  40,  75,  100, 
125,  150,  200,  and  225  volts. 

"This  test  demonstrates  that  there  is  no 
material  difference  in  the  tensile  strength, 
bending  qualities  or  the  appearance  of  the 
welded-in  material.  There  is  this  advantage, 
however,  in  the  higher  voltage,  that  variations 
in  the  strength  of  the  arc  do  not  materially 
affect  the  value  of  the  current. 

"A  curve-drawing  ammeter  was  installed 
on  the  welding  circuit  which  showed  variations 
in  current  at  75  volts  but  at  150  volts  the 
current  curve  was  practically  a  straight  line." 

Preferable  Size  of  Electrode 

On  certain  railways,  a  single  diameter  of 
electrode  is  employed  independently  of  the 
size  or  shape  of  the  plates  or  parts  being 
welded.  The  experience  of  other  people 
leads  them  to  make  use  of  several  different 
sizes  of  electrodes  according  to  the  size  of  the 
job  and  the  type  of  joint.  Present  British 
practice  appears  to  be  to  use  such  a  size  of 
electrode  as  to  have  a  current  density  of  some 
4000  to  6000  amperes  per  square  inch.  The 
investigations  of  the  Welding  Research  Sub- 
committee are  indicating  that  at  least  10,000 
to  12,000  amperes  per  square  inch  is  suitable 
for  electrodes  of  J^  in.  and  -^  in.  diameter 
and  well  up  toward  10,000  amperes  per  square  . 
inch  for  electrodes  of  ys  in.  and  Min.  diameter. 

Automatic  Machinery  for  Arc  Welding 

Several  firms  are  developing  machinery  for 
feeding  the  electrode  automatically.  Such 
machinery  appears  to  be  capable  of  making 
excellent  welds  at  higher  speeds  than  are 
attainable  bj'  hand  feeding. 

Carbon-arc  Welding 

With  the  advent  of  metal-arc  welding  there 
has  been  a  tendency  to  neglect  the  carbon-arc 
method.     It     is     qtxite     possible     that     this 


attitude  is  not  justified,  for  not  only  is  there 
now  a  definite  field  where  the  carbon-arc 
method  is  advantageous  but  developments  in 
the  art  may  greatly  extend  its  application. 

It  is  generally  agreed  that  tlae  carbon-arc 
method  is  not  applicable  to  vertical  and  over- 
head welding,  which  is,  of  course,  a  serious 
handicap  in  ship-hull  work.  The  majority 
opinion  of  competent  observers  (with,  how- 
ever, some  emphatic  dissenting  views)  appears 
to  indicate  that  carbon-arc  welding  is  not  as 
reliable  as  metal-arc  welding  in  ordinary 
welding,  because: 

(a)  Carbon  is  carried  into  the  deposited 

material,  thus  reducing  its  ductility. 

(b)  It   is    most    difficult   to   obtain   good 

fusion  on  account  of  overlapping  of 
deposited  metal  on  the  original 
metal. 

(c)  It  is  more  difficult  to  manipulate  and 

thus  requires  greater  skill. 

(d)  It  is  a  much  hotter  arc  which  means 

greater  discomfort  to  the  operator 
and  therefore  lower  efficiency. 

(e)  Greater  cooling  stresses  are  developed 

because  larger  areas  of  adjacent 
metal  are  heated. 

On  the  other  hand,  it  is  contended  by  some 
that  carbon-arc  welding  can  be  developed 
to  the  point  where  these  objections  will  no 
longer  exist  and  thus  gain  the  advantages  of 
this  method,  the  principles  of  which  are : 

(a)  No  preparation  of  the  abutting  edges 

is  necessary. 

(b)  Greater  rate  of  deposition  of  metal 

and  therefore  greater  speed  of  weld- 
ing, particularly  in  heavy  work. 

(c)  Probable  greater  adaptability  to  auto- 

matic welding. 

It  should  be  stated  that  there  is  very 
general  agreement  as  to  the  superiority  of 
the  carbon  arc  over  the  metal  arc  for  heavy 
work  where  strength  is  not  so  important, 
especially  cast-iron  welding  and  the  filling  of 
holes  in  iron  and  steel  castings. 

Preparation  of  Welding  Edges 

British  practice  permits  the  use  of  smaller 
angles  when  the  edges  of  the  plates  are  V'd, 
than  accords  with  American  traditions.  If 
the  smaller  angles  give  welds  which  are 
equally  satisfactory  in  all  respects,  the 
decreased  amount  of  electrode  material 
required,  the  decreased  consumption  of 
electricity,  and  the  increased  speed  are 
advantages     not     to     be     overlooked,     but 
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obviously  the  matter  requires  careful  inves- 
tigation. American  practice,  which  up  to 
recently  has  been  with  a  very  wide  angle, 
appears  to  have  required  the  consimi])tion  of 
about  twice  as  great  a  weight  of  electrode  as 
British  practice  with  the  smaller  angle. 
The  urgent  importance  of  determining 
whether  the  use  of  the  smaller  angle  involves 
any  sacrifice  in  quality  is  evident.  There  is 
already  considerable  basis  for  the  belief  that 
actually  better  results  attend  the  em])loymcnt 
of  a  smaller  angle  of  bevel  wiien  a  suitably 
large  cuiTent  is  used.  A  shoulder  in  ])lace  of 
the  heretofore  commonly  used  sharp  bottom 
edge  of  the  bevel  also  constitutes  a  material 
gain  not  only  in  the  saving  in  welding  material, 
but  also  in  the  quality  of  the  weld. 

Mr.  Wagner  states  that  at  the  Pittsfield 
Works  of  the  General  Electric  Company  they 
have  long  adopted  the  practice  of  using  a  30- 
deg.  bevel  for  plate  edgings  and  that  they  find 
it  satisfactory  for  all  thicknesses  up  to  ?4  in. 
He  states  that  this  angle  gives  suflicient  room 
for  depositing  the  metal,  reduces  the  time  to 
weld  and  the  amount  of  metal  deposited. 

In  one  of  Mr.  Spraragen's  researches, 
various  angles  of  bevel  were  used.  Although 
the  physical  tests  have  not  yet  been  made,  we 
can  gain  from  Table  III  valuable  lessons  on 
the  time,  amount  of  metal,  and  electricity 
consumed  for  these  different  angles  of  bevel. 
The  "free  distance"  in  each  case  was  Js  in. 
and  the  welding  was  done  in  a  flat  position 
with  -^2  in.  bare  electrodes.  In  each  case  the 
w^eld  had  a  length  of  three  feet. 

Quality  of  Overhead  Arc  Welding 

The  British  Admiralty  regards  overhead 
welding  as  too  inferior  and  too  expensive  to  be 
employed  when  it  can  possibly  be  avoided. 
In  America  a  large  amount  of  overhead  weld- 
ing is  done  in  railway  shops  and  it  is  claimed 
that  it  is  simply  a  matter  of  training  operators 
to  the  required  degree  of  proficiency. 

Number  of  Layers  to  be  Employed 

Good  progress  is  being  made  in  obtaining 
knowledge  of  the  relative  characteristics  of 
welds  made  with  different  number  of  layers 
and  of  the  most  suitable  current  and  the  most 
suitable  size  and  type  of  electrodes  to  employ 
for  each  layer.  The  tendenc\'  is  toward  the 
use  of  at  least  two  layers  for  M-in.  thick  plates, 
and  three  layers  for  ^i-\n.  thick  plates. 

Rigid  vs.  Non-rigid  Methods  of  Welding 

On  this  question  it  is  more  a  matter  of 
determining  the  conditions  essential  to  obtain- 


ing good  results  with  whichever  of  the  two 
methods  is  most  ajjjjropriatc  for  each 
])articu!ar  ])urpose. 

The  term  rigid  is  apjilied  to  the  process  of 
arc  welding,  in  which  the  two  parts  to  be 
joined  by  welding  are,  jjrior  to  welding,  held 
rigidly  liy  boiling  or  clamjiing,  or  by  a  series 
of  i>reliminary  tack-welds  distributed  at 
various  ])oints.  The  rigid  plan  is  the  most 
obvious  for  welding  the  hull  plates  of  ships, 
but  its  critics  claim  that  the  resultant  joints 
are  deficient  in  ductility  due  to  the  presence 
of  internal  stresses.  It  is  considered  that  by 
suitably  arranging  the  order  of  welding  it  is 
practicable  to  so  distribute  the  heat  as  to 
avoid  these  stresses.  At  any  rate  there  are 
many  alternative  orders  of  procedure  in 
making  welds  by  the  rigid  method,  and 
elaborate  researches  should  be  made  to 
ascertain  the  procedure  which  will  yield  the 
best  result. 

The  non-rigid  method  consists  in  placing 
at  a  slight  angle  to  each  other  the  two  plates  to 
be  welded.  As  the  welding  operation 
progresses  along  the  seam  the  angle  gradually 
closes  and  when  the  weld  is  completed  the 
width  of  the  welded  seam  is  equal  throughout 
its  extent.  Such  welds  are  generally  con- 
sidered to  be  very  free  from  internal  stresses, 
and  hence  more  ductile. 

Consequences  of  Different  Lengths  of  Arc 

The  metal  arc  is  much  shorter  than  the 
carbon  arc.  As  a  result,  the  metal  arc  weld 
has  the  advantage  that  there  is  less  oppor- 
tunity for  ox^-gen  and  nitrogen  to  gain 
access  to  the  weld  and  so  far  as  relates  to 
this  feature  the  metal  arc  weld  should  be 
better.  But  with  the  carbon  arc  the  added 
metal  does  not  traverse  the  arc,  the  tip  of  the 
welding  rod  being  held  down  close  to  the 
surface  on  which  it  is  to  be  deposited.  This 
may  render  the  deposited  material  less 
subject  to  contamination  in  carbon  arc 
welding  than  in  metal  arc  welding  since  it 
has  not  traversed  the  arc. 

Coming  to  the  exclusive  consideration  of 
metal-arc  welding,  the  greater  the  welding 
current  the  less  is  the  area  represented  by  the 
cj'lindrical  surface  of  the  arc  per  pound  of 
metal  traversing  the  arc,  and  consequently 
the  less  should  be  the  contamination  by 
oxygen  and  nitrogen  from  the  surrounding  air. 
So  far  as  this  circumstance  is  concerned,  the 
greater  the  welding  current,  for  a  given  case, 
the  greater  should  be  the  ductility  of  the  joint. 
On  the  other  hand,  it  seems  probable  that  even 
the  most  skilful  operators  will  be  unable  to 
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hold  quite  so  short  an   arc  with  the  larger 
current . 

Spot  and  Arc  Welding 

A  good  deal  of  progress  is  being  made  in 
America  in  the  use  of  spot  welding  for  the 
joining  of  thick  plates.  It  is  believed  that 
spot  welding  has  a  great  future  as  applied  to 
shipbuilding,  and  several  large  spot 
welders  have  been  built  for  ship- 
yards. In  some  of  its  applications, 
spot  welding  affords  a  method  of 
preliminarily  joining  the  hull  plates, 
after  which  the  required  additional 
strength  is  provided  by  arc  weld- 
ing. The  Welding  Research  Sub- 
committee has  already  made  some 
progress  in  comparing  combined 
spot  and  arc  welds  and  combined 
rivet  and  arc  welds  with  riveted, 
spot-welded,  and  arc-welded  joints. 
It  is  not  a  question  in  such  an  in- 
vestigation of  spot  versus  arc  weld- 
ing, but  of  spot  and  arc  welding. 

In  the  tests  mentioned,  the  speci- 
mens were  made  up  of  the  follow- 
ing combinations : 

(1)  Spot  and  fillet  welded  (Fig. 

1)  (two  samples  made). 

(2)  Fillet    welded  —  made    by 

welding  fillets  about  two 
inches  in  length  at  the 
ends  of  the  plates  (Fig.  2) 
(two  samples  made). 

(3)  Riveted   and   filled  welded 

(Fig.  3)  (one  sample 
made). 

(4)  Spot     welded  —  made     by 

welding  two  spots  ap- 
proximately one  inch  in 
diameter,  on  t,he  plates 
(Fig,  4)  (two  samples  made). 

(5)  Riveted  joint,  made  by  a  H-in.  X  4-in. 

X     12-in.    plate    with    two    plates 
3^-in.  X  4-in.  X  16  in.,  using  two 
%-in.  rivets  and  a  4-in.  lap.      (One 
sample  made). 
The  results  of  the  test  show  the  comparative 

strength  of  the  joints  as  follows : 

Spot  and  Fillet  Welded — Ultimate  Load  *50,350  lb. 

Fillet  Welded— Ultimate  Load *37,000  lb. 

RivetedandFilletW elded— UltimateLoad   135,000  lb. 

Spot  Welded — Ultimate  Load *28,000  lb. 

Riveted  Joint — Ultimate  Load 1 13.000  lb. 

Spot  welds,  as  compared  with  arc-welded 

butt   joints,    have   the   disadvantage   of   the 

increased  weight  corresponding  to  the  overlap. 

*  Average  o£  tests  on  two  samples. 
tOnly  one  sample  made. 


Condition  of  Surfaces  to  be  Welded 

While  for  spot  welding  the  surfaces  may 
sometimes  be  too  clean  to  obtain  the  best 
weld,  this  cannot  be  the  case  with  fusion 
welding.  The  question  of  the  extent  to  which 
it  is  practicable  to  go  in  freeing  the  surfaces 
from  impurities  prior  to  making  the  fusion 
weld    is    entirelv    a    commercial    one.     The 


Fig.  3.     Riveted  and  Fillet  Welded  J 


Riveted  Joint 


cleaner  the  surface,  the  better  the  weld. 
In  spot  welding  it  is  desirable  to  have  clean 
surfaces  under  the  electrodes,  but  scale 
between  the  two  plates  is  a  positive  advantage. 

Pre-heating   and   Heat   Treatment   and  Hammering 
While  Cooling 

Pre-heating,  heat  treatment,  aiid  hammer- 
ing, as  applied  to  fusion  welding  (both  gas 
and  electric)  have  been  the  subjects  of 
research,  but  as  yet  nothing  adequately  com- 
prehensive has  been  planned.  It  is  very 
important  that  these  deficiencies  should  be 
recognized  and  remedied. 

Question  of  Need  for  Special  Machines  for  Welding 

A  great  variety  of  machinery  for  supplying 

and   controllins:   the   current   for   welding   is 


\vi:i.i)i\(;  Mii.i)  s'ii:i;i. 


I.V.t 


on  t  lu'  iniirkt't ,  Soiiu'  of  this  niacliim-ry  I'din- 
prisi's  t'hiliorali'  nu'i'lianisnis  in  \'irUic  of 
wliicii  il  is  claimed  that  it  would  be  very 
diiruult  for  (.'N'eii  a  n()\'icc  to  make  a  bad  weld. 
Some  advocate  the  use  of  sim])le  resistance 
to  be  inserted  in  series  with  the  arc  on  any 
available  circuit,  and  claim  that  any 
additional  machinery  is  superfluous.  The 
capital  outlay  for  the  equi])ment  of  a  welder 
(at  the  point  of  consumjjtion)  when  the  first 
kind  of  cqui])mcnt  is  used,  may  be  a  matter  of 
over  .lilOOO,  while  in  the  second  case,  well 
below  half  of  the  sum  is  sufficient. 

Technique  of  Testing  Welds 

The  ideal  weld  should  presumably  be  at 
least  as  strong  and  as  durable  as  the  metal 
of  the  members  joined  together.  In  other 
words,  the  section  containing  the  weld  should 
have  the  same  chemical  and  physical  charac- 
teristics as  adjacent  sections  in  the  original 
metal.  A  weld  is  therefore  measured  by  the 
degree  of  approximation  to  this  condition  as 
determined  by  mechanical,  chemical  and 
metallurgical  tests  of: 

(a)  The  parent  metal 

(b)  The  welded  joint 

(c)  The  deposited  material  in  the  weld. 

While  during  the  last  year  the  Welding 
Research  Sub-committee  has  made  a  great 
deal  of  progress  in  establishing  standard 
procedures  for  the  mechanical  testing  of  welds, 
much  still  remains  to  be  done.  Obviously, 
the  procedure  for  testing  the  original  metal 
should  follow  standard  practice  as  recom- 
mended by  the  American  Society  for  Testing 
Materials,  but  there  is  considerable  difference 
of  opinion  and  uncertainty  as  just  how  and 
what  mechanical  tests  should  be  made  of  the 
welded    joint    and    of   the    deposited    metal. 


i"or  insl.uicr 

(ix)  Should  all  the  usual  observations  Ijo 
taken  when  making;  a  tensile  lest  of 
a  welded  joint  ?  Obviously,  the 
strength  of  the  union  between  the 
two  ])ieces  of  metal  should  be 
determined,  but  in  view  of  the  non- 
homogeneity  of  the  s])ecimen,  does 
not  a  very  difTerent  significance 
attach  to  yield  point,  elongation  and 
reduction  of  area?  Where  a  series 
of  welds  having  the  same  ratio  of  de- 
]josited  material  to  original  metal  is 
concerned,  such  data  arc  undf)ubt- 
edly  important  for  comparison  ]jur- 
poses,  but  for  evaluating  a  weld  in 
terms  of  the  original  metal,  questions 
are  re])eatedly  being  raised  as  to  just 
what  extent  these  data  have  value. 

(b)  Would  not  more  reliable  information 

as  to  the  ductility  of  the  w-cld  be 
obtained  if  elongation  and  reduction 
of  area  measurements  were  made  on 
specimens  prepared  from  the  de- 
posited metal  or  from  specimens  cut 
lengthwise  of  the  weld  instead  of 
crosswise  ? 

(c)  Similarly  w'ith  the  bending  test,  which 

is  a  test  for  ductility.  There  are 
some  (including  the  author)  who 
would  make  the  bend  with  the  axis 
of  the  mandrel  normal  to  the  weld 
instead  of  parallel  thereto,  which 
latter  position  is  the  one  usuallv 
employed.  It  may  be  that  both 
tests  should  be  made;  the  norma] 
position  as  test  of  the  ductility  of 
the  deposited  material  and  the  par- 
allel position  as  an  additional  test 
of  the  union  between  the  deposited 
material  and  the  original  metal. 


TABLE    III. 

TIME,   METAL,   AND   CURRENT   USED   WITH   WELDS  OF   DIFFERENT   BEVELS 


Angle  of  Bevel  tJsed,  in  Degrees 


Amperes 160 

Weight  of  electrode  used  up  (lbs.) 2.56 

Weight  of  metal  deposited  (lbs.) 1.70 

Weight  of  metal  wasted  (lbs.) 0.; 

Pounds  deposited  per  hour 1.82 

Feet  welded  per  hour 3.22 

Circuit  kilowatts 9.91 

Kilowatt-hours  per  {oot  of  weld 3.10 


30 

45 

60 

145 

118 

125 

3.83 

4.63 

6.63 

2.55 

3.65 

5.08 

1.28 

0.89 

1.55 

1.61 

1.82 

1.81 

1.90 

1.50 

1.07 

9.00 

7.68 

8.25 

4.70 

5.10 

7.70 
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(d)  How  im]3ortant  are  torsion  tests  and 

impact  or  shock  tests  in  measuring 
welded  joints? 

(e)  Fatigue    tests    of    welded    joints    are 

generally  conceded  to  be  vital  and 
the  importance  of  obtaining  reliable 
information  as  to  how  this  test 
should  be  made  probably  transcends 
(at  present  at  least)  that  attached 
to  any  other  research  in  the  field 
of  fusion  welding.  The  researches 
should  be  made : 

(1)  With     the      Moore     bending 

fatigue  machine 

(2)  With  rod  samples  rotated  at 

high  speed  as  employed  by 
Lloyd's  Register  in  England 

(3)  With  the  Strohmenger  torsion- 

fatigue  machine 

(4)  With  the  CammelLLaird  bend- 

ing fatigue  apparatus 

(5)  By  the  Upton-Lewis  test. 

After  the  necessary  research  work  has  been 
done  to  solve  these  and  other  similar  questions 
pertaining  to  the  testing  of  welds,  standard 
specifications  for  the  testing  procedure  can 
be  prepared  which  will  be  properly  balanced 
between  the  cost  of  making  the  tests  and  the 
amount  of  testing  necessary  to  insure  a 
reliable  estimate  of  the  weld. 

Conclusion 

The  extent  of  the  field  of  application  for 
fusion  welding  and  spot  welding  is  but  little 
appreciated  by  engineers  other  than  those 
who  have  been  directly  connected  with  weld- 
ing developments.  It  is  evident  that  this 
field  is  an  enormous  one,  including  as  it 
does,  all  structures  where  steel  is  employed, 
such  as  bridges,  biiilding  structures,  tanks  of 
all  types  and  kinds,  railway  roUing  stock,  and 
ships,  in  addition  to  numberless  miscellaneous 
applications  in  industry  in  general. 

However,  engineers  associated  with  welding 
research  should  be  on  their  guard  that  their 
enthusiasm  over  this  great  field  of  application 
shall  not  lead  them  into  prematurely  endorsing 
the  use  of  fusion  welding  or  spot  welding  in 
constructions  where  the  consequences  of 
failure  involve  serious  menace  to  life  and 
property,  as  may  often  be  the  case.  For 
example,  a  particularly  important  case  is 
that  of  pressure  vessels  and  especially  large 
high-pressure    containers.       The    success    in 


100  installations  will  not  excuse  failure 
(accompanied  possibly  by  fatalities),  in  the 
one  hundred  and  first  installation.  It  is  the 
opinion  amongst  the  best  informed  engineers 
that  before  fusion  welding  can  advisedly  be 
employed  for  large  high-pressure  vessels,  much 
vigorous  and  elaborate  research  work  should 
be  carried  out  on  the  fatigue  characteristics  of 
fusion  welds  of  long  seams,  and  that  this 
research  work  must  comprise  full-sized  struc- 
tures since  the  conditions  cannot  be  repro- 
duced in  test  samples. 

In  fact,  if  the  general  acceptance  of  welding, 
particularly  by  inspection  boards,  under- 
writers, and  classification  societies,  is  to  be 
accomplished  in  a  reasonably  short  time,  such 
extensive  research  work  on  a  large  scale  is 
absolutely  essential  in  order  to  demonstrate 
conclusively  that  welded  joints  are  equal  to 
or  better  than  joints  made  by  other  methods. 
Obviously,  the  development  of  the  art  could 
proceed  along  the  lines  of  the  usual  order  of 
evolution,  as  in  the  cases  of  previous  arts, 
but  this  would,  as  in  those  cases,  involve  the 
lapse  of  years. 

For  structures  subjected  to  less  extreme 
stresses,  such  as  the  hulls  of  ships,  the 
adequacy  of  fusion  welding  as  a  substitute  for 
riveting  is  in  process  of  being  thoroughly 
demonstrated  in  actual  practice  in  Great 
Britain.  It  is  recognized  that  the  hulls  of 
ocean-going  ships  are  exposed  to  very  great 
stresses;  nevertheless  there  is  a  clear  distinc- 
tion between  the  magnitude  of  those  stresses 
and  the  stresses  to  which  many  large,  high- 
pressure  containers  are  subjected. 

The  author  hopes  this  paper  will  aid  in 
focusing  attention  on  the  vast  importance  of 
the  welding  art,  particularly  by  occasioning 
discussion  of  the  many  prolalems  in  welding 
research,  some  of  which  have  been  mentioned 
in  the  paper. 

The  author  cannot  undertake  to  give 
adequate  acknowledgment  of  his  indebtedness 
to  his  many  associates  in  the  preparation  of 
this  paper.  The  most  generous  assistance 
has  been  given  him  on  every  hand.  Mr. 
William  Spraragen  has  extended  much  assist- 
ance in  ]Dreparing  data  and  in  many  useful 
ways.  Mr.  F.  M.  Farmer,  Chief  Engineer  of 
the  Electrical  Testing  Laboratories,  has  given 
very  generously  of  his  time  in  advising  the 
author  in  detail  about  many  points  which 
arose  in  the  course  of  the  preparation  of  this 
paper. 
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Synchronous  Motors  in  the  Meat  Packing  Industry 

Hv  '1",  J.  l5vKNi:s 

Chief  Ei.kctrkian,  C'l  daiiv  Packing  Company 

The  contents  of  this  article,  liosciiptivo  of  the  electric.il  activities  of  the  Cudahy  Packing  Company,  are 
indicative  of  the  utility  that  can  be  made  of  synchronous  motors  in  the  meat  packing  industry.  The  author  states 
how  low  power-factor  conditions  in  the  Omaha  plant,  caused  by  a  very  large  number  of  small  induction  motors, 
were  first  improved  by  the  installation  of  a  synchronous  motor  driving  a  deep  well  pump.  He  then  tells  how  the 
later  installation  of  additional  small  induction  motors  again  lowered  the  power-factor  and  how  an  improvement 
was  again  effected  by  the  selection  of  synchronous  motors  for  driving  the  large  refrigerating  units.  This  instal- 
lation of  synchronous  motors  is  of  particular  interest  in  that  slip-ring  induction  motors  have  usually  been 
employed  heretofore  for  electric-driven  refrigerating  compressors.  It  is  also  to  be  noted  that  synchronous 
motors  of  the  speed  and  rating  of  those  described  are  cheaper  than  slip-ring  motors  of  the  same  size. —  EniTOR  . 


Little  has  been  written  regarding  the  elec- 
trification of  the  meat  packing  iitdustry  for 
the  following  reasons:  First,  until  compara- 
tively recently  the  larger  packers  of  the 
country  have  manufactured  their  own  power 
• — principally  direct  current;  second,  the 
importance  of  power  had  been  given  very 
little  consideration,  because  electrical  energy 
was  used  to  drive  onl\-  the  smaller  machinery 
throughout  the  various  plants. 

Realizing  the  necessity  of  making  a  special 
analysis  of  the  application  of  modern  elec- 
trical equipment  to  its  industry,  the  Cudahy 
Packing  Company  during  the  last  ten  years 
formed  a  special  Electrical  Engineering  De- 
partment in  connection  with  its  Mechanical 
Department. 

After  careful  consideration,  it  was  decided 
that  the  first  step  necessary  was  to  adopt 
alternating  current  as  the  basis;  and  con- 
sequently, its  various  plants  were  changed 
from  a  direct-current  to  an  alternating- 
current  basis.  This  gave  a  much  broader 
field  to  work  in;  and  after  the  installation 
of  several  thousand  induction  motors,  the 
engineers  decided  that  their  operating  con- 
ditions, from  the  standpoints  of  power-factor 
and  economy,  could  be  materially  improved 
by  the  installation  of  synchronous  motors 
when  large  units  were  needed.  Then  fol- 
lowed a  series  of  new  developments  in  the 
industry. 

The  first  mo\'e  in  this  direction  was  the 
installation  in  the  Omaha  plant  of  a  400-kv-a. 
vertical  synchronous  motor,  direct  connected 
to  a  deep  well  pump  (over  2000  feet  deep) 
requiring  300  mechanical  horse  power.  The 
surplus  capacity  of  this  unit  was  used  for 
power-factor  correction.  This  installation 
raised  the  power-factor  of  the  plant  (aggre- 
gating over  4000  horse  power  in  motors)  from 
74  to  So  per  cent. 

Several  hundred  motors  were  later  added, 
mostly   of   the   small    induction    type   which 


again  tended  to  reduce  the  power-factor  of  the 
])lanl.  In  consequence  of  this,  it  was  decided 
that  ftirther  progress  should  be  made  in  over- 
coming these  losses.  Accordingly,  the  propo- 
sition of  driving  the  refrigeration  machines 
by  electric  power  was  investigated;  but  the 
large  belts  necessary  for  cou]>ling  up  the 
steam-driven  machines  already  installed,  to- 
gether with  the  great  amoimt  of  floor  space 
required,  made  this  arrangement  prohibitive. 
The  steam-driven  units  were,  therefore, 
replaced  by  direct-connected  units  driven 
by  synchronous  motors. 

The  problem  of  designing  these  ammonia 
compressors  was  submitted  to  the  writer,  and 
he,  in  connection  with  Mr.  John  Westerlin, 
of  the  Westerlin-Campbell  Company  of 
Chicago,  designed  a  machine  which  has  since 
become  the  standard  of  the  Cudahy  Packing 
Company;  and  the  success  of  this  unit  has 
been  such  as  to  cause  considerable  favorable 
comment  from  some  of  the  other  large 
refrigerating  plants  throughout  the  countn.'. 

The  Cudahy  Packing  Company  has  stand- 
ardized upon  a  300-ton  compressor  of  loO 
r.p.m.,  using  a  500-h-p.  synchronous  motor 
mounted  on  the  crank  shaft  of  the  compressor 
and  adjoining  the  flywheel,  the  stator  being 
mounted  upon  a  base-rail  which  forms  a 
common  bedplate  with  the  ammonia  com- 
pressor and  which  allows  for  shifting  the 
stator  to  one  side  so  as  to  permit  repairs  to 
either  the  stator  or  rotor  coils  with  but  little 
effort.  Due  to  a  full-sized  by-pass  system  on 
the  ammonia  compressor,  but  35  per  cent  of 
full-load  torque  is  necessary  to  start  the 
machine  which  is  brought  up  to  full  speed  in 
eight  seconds.  The  motors  are  wound  for  6600 
volts,  3-phase,  60  cycles,  a  motor-driven 
exciter  furnishing  the  direct  ctirrent  for  the 
synchronous  motors.  The  flywheels,  forming 
part  of  the  unit,  have  been  so  designed  as  to 
eliminate  all  line  disturbances  as  far  as 
practicable. 
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'l"hc  iiislallalion  of  two  of  these 
motors  recently  at  the  Omaha  jjlant  has 
raised  the  power-factor  of  the  plant  to 
!!.■)  per  cent,  on  a  total  load  of  over  (JOOU 
horse  ])ower  in  motors. 

The  Cudahy  Packing  Company  has 
iiisialled  machines  of  this  t\-pe  at  its 
Kansas  City,  and  Kansas  and  Salt  Lake 
plants;  and  after  two  years  of  service  it 
is  convinced  that  this  type  machine  will 
supersede  to  a  great  extent  the  low- 
sj^eed,  steam-driven  units  of  the  past. 

The  switchboard  used  in  connection 
with  the  control  of  the  refrigerating 
machines  and  also  the  switchboards 
installed  in  the  main  .substation  are  of 
the  remote-control  type,  all  oil  circuit 
breakers  being  solenoid  operated.  The 
switchboard  panels  themselves  are  made 
of  slate,  48  in.  high,  set  up  on  a  .30-in. 
concrete  pede-stal  faced  with  white  en- 
ameled tile. 

All  oil  circuit  breakers,  with  their 
solenoids,  are  mounted  back  to  back 
on  pipe  framework  back  of  the  switch- 
board. Ample  space  is  allowed  between 
the  switchboard  and  the  oil  circuit 
breaker  structure  for  w^orking  on  either 
the  backs  of  the  panels,  or  on  the  cir- 
cuit-breaker structure,  so  that  if  an 
attendant,  for  example,  wishes  to  re- 
move one  of  the  oil  tanks  he  will  have 
ample  room.  This  system,  of  course, 
also  gives  very  good  ventilation  around 
the  switchboard  and  the  switch  and 
bus  structure. 

The  solenoids  for  the  oil  circuit  break- 
ers in  the  main  substation  receive  their 
energy  from  a  battery  and  motor-gen- 
erator set.  The  solenoids  in  the  ice 
machine  station  receive  their  energy 
from  a  motor-generator  and  battery  set, 
this  set  of  course  running  continuously. 

Buses  are  mounted  directly  above  the 
oil  circuit  breakers  on  pipe  framework, 
so  that  the  oil  circuit  breaker  and  bus 
structure  are  all  one.  This  is  a  standard 
arrangement. 

All  outgoing  lines  run  out  from  the 
oil  circuit  breakers  in  conduit  under 
ground.  All  cables  that  are  used  in 
this  conduit  are  lead  covered.  In  this 
connection,  it  might  be  of  interest  to 
mention  that  no  potheads  are  used  at 
the  point  where  the  cable  leaves  the 
conduit  for  connection  to  the  oil  circuit 
breaker.  A  very  unique  system  is  used 
in  that  the  conduit  is  run  up  to  the  point 
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where  the  bend  starts  for  the  connection  of 
the  cable  to  the  oil  circuit  breaker;  and,  from 
this  point  on,  the  lead  sheathing  is  cut  away 


Fig.  7.     New  Main  Substation,  Cudahy  Packing  Co.,  Omaha,  Neb, 


and  a  section  of  it  is  turned  back  over  the 
conduit.     Great  care  is  used  to  present  a  \'cry 
smoothlj'  rounded   lead   sur- 
face to  the  cable,  so  that  no     \ 

abrasion  will  result.  This  is 
further  assisted  by  beinR 
packed  at  this  point  with 
oakum. 

In  connection  with  this  in- 
stallation, there  is  another 
feature  whieh  the  Cudahy 
Packing  Company  is  putting 
in  practice  in  all  of  its  plants 
and  which  has  been  found 
invaluable  to  attendants ;  viz. , 
the  color  scheme  used.  Dif- 
ferent voltages  are  repre- 
sented by  different  colorings. 
This  refers  to  the  bus  struc- 
ture in  particular,  but  it  is 
applied  also  to  the  small  wir- 
ing on  the  backs  of  the  panels 
and  the  control  wiring  in  the 
circuit  breaker  structure.  The 
alternating-current  potential 
wiring  has  one  color,  the  cur- 
rent transformer  secondarv 
wiring   a   second    color,    and 


the  direct-current  control  wiring  a  third  color. 
In  case  a  fault  develops,  this  arrangement 
makes  it  very  simple  for  the  attendant  to 
place  his  finger  at  any  desired 
point  in  the  small  wiring  on 
any  one  of  the  three  above  out- 
lined circuits  without  having 
to  trace  it  from  its  source. 

The  switchboards  in  the 
plants  are  all  protected  from 
tampering  by  diamond-mesh 
grills  with  a  door  having  a 
Yale  lock,  the  key  to  which 
is  held  only  by  the  authorized 
attendant. 

Central  station  power  is 
used  at  all  the  plants,  but  the 
equipment  has  been  installed 
with  a  view  to  being  able  to 
I  'Iterate  from  their  own  power 
equipment,  should  the  deci- 
sion be  made  to  generate  their 
own  power  at  any  time. 

The  various  plants  of  the 
Company  are  now  operated 
electrically  throughout,  with 
the  exception  of  a  part  of 
the  refrigerating  equipment 
changed  over  to  electric  drive 


which  is  bein 

as  rapidly  as  possible 


pumping  2000  gallons  of 


400-kv-a.  Synchronous  Motor  on  Deep  Well  Pu 
water  per  minute  from  150  feet  working  head  into  the  mains  at  75 
lb.  pressure,  Cudahy  Packing  Co.,  Omaha,  Neb. 
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Methods  for  More  Efficiently  Utilizing  Our 
Fuel  Resources 

PART  XXVIII.     FUEL  PROBLEM  OF  CANADA     SOME  NATIONAL 
AND  INTERNATIONAL  ASPECTS 

Hv  Aktiiik  \'.  W'lini; 
CdNsri.Tixr.  Hnginkkk,  C'ommissidn  oi-  t'oNsicKVAr ids  or-  (  anada 

While  iho  oxlronio  o;ist  juui  west  of  Canada  supply  coal  to  those  sections  of  the  United  Slates  immedi- 
ately to  the  south,  the  midiile  provinces  of  Canada  arc  dependent  upon  the  United  States  for  their  fuel  sup- 
ply. Canada  is,  therefore,  now  taking  active  steps  toward  the  development  of  the  vast  deposits  of  lignite  in 
Saskatchewan  and  Alberta.  For  a  number  of  years  Mr.  White  has  been  actively  advocating  the  further 
development  of  the  great  fuel  resovirces  of  Canaiia  in  order  to  lessen  her  dependence  upon  the  United  States 
for  coal. — Editor. 


So  much  has  been  said,  drawn  from  seem- 
ingly authoritative  sources,  respecting  the 
"unbounded  extent  of  the  natural  resources 
of  Canada,"  that  it  is  little  wonder  the  popular 
view  is  entertained  that  Canada's  resources 
are  practically  unlimited,  and  perpetual 
prosperity  only  waits  upon  their  fuller 
development.  For  Canadians,  however,  to 
hold  and  be  governed  by  such  a  view  is  to 
live  in  a  "fool's  paradise." 

Little  more  than  a  decade  ago,  a  large 
majority  of  the  people  of  the  United  States 
believed  that  the  natural  resources  of  their 
country  were  unbounded,  and  that  there  was 
hardly  any  limit  to  material  progress  based 
upon  their  development.  Even  in  that 
country,  however,  there  were  many  who  did 
not  share  these  views,  and  through  their 
efforts  special  investigation  was  made  respect- 
ing the  actual  cotiditions  of  the  natural 
resources  of  the  nation. 

Natural   Resources  of  Both   the  United   States  and 
Canada  are  Exhaustible 

No  country  possesses,  within  its  own 
borders,  more  varied  and  extensive  resources 
than  the  United  States,  yet  it  is  now  recog- 
nized that  many  of  these  are  mthin  measure- 
able  distance  of  exhaustion.  This  fact  was  so 
clearly  demonstrated  that  prompt  action  by 
the  trustees  of  the  nation  became  imperative. 
So  far  as  one  can  judge,  natural  resources 
from  the  49th  parallel  to  the  Gulf  of  Mexico 
are  better  situated,  geographically,  and  must 
always  be  more  desirable  than  those  from  the 
49th  parallel  to  the  Arctic  ocean;  thus,  bv 
reason  of  situation,  Canada's  usable  natural 
resources  are  in  variety  and  extent  less  than 
those  of  the  United  States. 


Those  who  have  observed  the  rapid  dis- 
appearance of  many  of  the  natural  resources 
of  Canada  and  the  present  alarming  rates  at 
which  some  are  being  consumed  realize  that 
the  situation,  as  a  whole,  is  one  of  great 
gra\-ity.  Consequently,  true  conservation 
in  Canada  is  as  great,  if  not  a  greater  neces- 
sity than  in  the  United  States. 

Resources  Must  be  Wisely  Used  and  Conserved   • 

It  is  true  that  some  resources,  such  as 
minerals — perhaps  more  especiall}-  coal,  oil, 
and  gas — if  used,  must  in  time,  necessarily 
become  exhausted.  On  the  other  hand,  such 
resources  as  the  soil,  plant  gro^^th,  waterways 
and  ground  waters,  may  be  conserved  and 
transmitted  to  posterity  unimpaired,  or  at 
least  unabused,  just  as  a  good  husbandman 
passes  on  his  farm  in  an  improved  condition 
to  that  in  which  he  received  it.  The  policies 
advocated  by  the  Commission  of  Consen.-a- 
tion  of  Canada  have  aimed  at  passing  on  to 
succeeding  generations  in  an  improved  con- 
dition the  heritage  of  the  natural  resources 
of  this  country. 

By  intelligent  and  thrifty  use,  the  natural 
resources  of  Canada  may  beneficently  serve 
the  needs  of  a  large  population.  If,  however, 
Canadians  become  really  dependent  upon 
necessary  commodities  supplied  them  by 
other  countries,  they  must  be  prepared  to 
accept  the  circumstances  in  which  they  may 
suddenly  find  themselves  if  the  supply  of  such 
commodities  is  cut  off.  Such  circumstances 
will  be  aggravated  by  any  abuse  of  our  assets. 

Coal  Scarcity  and  Coercion 

There  is,  apart  from  food,  raiment,  and 
shelter,  perhaps  no  single  commodity  which 


466     June,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  6 


has  been  found  so  necessary  as  fuel — chiefly 
coal — for  the  maintenance  of  life  and  for  the 
carrying  on  of  commerce  and  transportation. 
Recently  the  public  interest  has  been  keenly 
aroused  respecting  the  nation's  fuel  supply 
and  increasing  dependence  upon  hydro- 
electric energy.  War  conditions  have  driven 
home  to  Canadians  as  never  before  the  tre- 
mendous gravity  of  their  position  with  respect 
to  fuel. 

Countries  like  Norway  and  Sweden,  Den- 
mark, Holland,  and  Switzerland — countries, 
indeed,  which  were  neutral — were  practically 
dependent  upon  the  warring  nations  for  coal, 
and  found  themselves  seriously  curtailed  in 
obtaining  this  commodity.  They  were  forced 
to  recognize  the  momentous  fact  that  the 
countries  which  possess  coal  are  able,  abso- 
lutely, to  dictate  the  terms  upon  which  coal 
will  be  supplied  to  others. 

Portion  of  Canada  Dependent  Upon  United  States 
for  Coal 

Now,  a  very  large  portion  of  Canada — and 
for  this  one  may  hold  in  mind  much  of  the 
populated  territory  extending,  say,  from 
Quebec  to  Winnipeg — has  become  increas- 
ingly dependent  for  its  fuel  supply  upon  the 
coal  fields  of  the  United  States,  and  absolutely 
dependent  upon  that  country  for  its  annual 
supply  of  some  4,500,000  tons  of  anthracite. 

In  addition  to  the  use  of  imported  anthracite 
for  heating  and  domestic  purposes,  large  quan- 
tities of  bituminous  coal — some  10,000,000  to 
14,000,000  tons — are  also  imported  annually 
from  the  United  States,  largeh'  for  power 
purposes. 

The  known  anthracite  fields  of  the  United 
States  are  within  measurable  distance  of 
exhaustion.  Doubtless,  in  the  not  distant 
future,  the  United  States  will  feel  compelled 
so  to  conserve  this  valuable  commodity  that 
the  exportation  of  it  may  be  largely  restricted, 
if  not  entirely  cut  off.  There  are  available 
many  examples,  arising  out  of  the  great 
European  war  conditions,  where  the  United 
States  has  found  it  necessary  to  place  strin- 
gent embargoes  upon  natural  and  manu- 
factured products. 

Now,  if  Canada  is  to  be  in  a  position  to 
command  special  consideration  under  possible 
restricted  trade  conditions,  she  must  realize 
the  value  of  her  own  resources  and  have  them 
strictly  under  national  control  in  order  that 
she  may  be  enabled  to  deal  on  a  basis  of  quid 
pro  quo.  When  the  commodities  of  commerce 
are  exchanged  there  must,  of  course,  be  a 
substantial  basis  for  barter.    When  Germany 


demanded  gold  from  Switzerland  she  offered 
to  exchange  coal.  Suppose  that  the  United 
States,  in  the  conduct  of  her  commerce,  con- 
cluded that  it  was  in  the  general  interest  of 
her  citizens  only  to  barter  coal  for  certain  com- 
modities which  she  specially  required,  what 
desirable  commodities  has  Canada  to  barter? 

Nothing  is  further  from  the  thought  of  the 
writer  than  to  suggest  that  it  is  or  that  it 
would  become  the  arbitrary  desire  of  the 
United  States  to  deprive  Canada  of  the  coal 
which  at  present  is  so  necessary  to  life  in 
Canada.  It  is  important,  however,  to  take 
cognizance  of  the  fact  that  a  nation,  pressed 
by  the  demands  of  its  own  people,  may  be 
compelled,  under  certain  conditions,  to 
deprive  other  nations — in  part  at  least — of 
even  the  necessaries  of  life  until  the  needs 
of  its  own  citizens  are  met.  No  country  can 
be  expected  to  send  out  of  its  confines  that 
which  is  essential  to  the  very  existence  of  its 
own  people. 

It  is  not  the  policy  of  Canada  to  embargo 
her  exports.  She  must,  however,  conserve 
against  the  day  of  her  own  need  such  resources 
as  are  a~\'ailable  for  barter.  It  certainly  is 
sound  policy  to  insure  that  commodities  of 
national  importance  should  not  be  exported 
without  an  adequate  quid  pro  quo. 

Some  portions  of  the  United  States  are 
as  badly  in  need  of  coal  from  Canada  as  por- 
tions of  Canada  are  in  need  of  coal  from  the 
United  States.  Between  these  two  great 
countries  there  is  an  exchange  of  many 
natural  and  manufactured  products,  and  the 
problems  which  from  time  to  time  arise  in 
connection  with  such  interchange  can  be 
satisfactorily  solved  and  the  whole  situation 
reduced  to  a  good  working  basis. 

Canada's  Rich  Water-power  Heritage 

Other  than  the  products  of  her  agricultural 
lands,  mines,  and  forests,  there  are  certain 
resources  in  Canada  of  unique  and  special 
value.  Canada  has  an  especially  rich  heri- 
tage in  her  water-powers,  including  her  equity 
in  international  waters.  To  a  large  extent 
these  water  powers  are  still  under  the  control 
of  the  people.  This  control  is  being  zealously 
guarded  so  that  as  the  country  develops  and 
sites  come  into  the  sphere  of  active  economic 
importance  they  may  be  developed  and  used 
in  the  general  public  interest.  Men  far- 
sighted  in  the  fields  of  industry  and  finance 
have  foreseen  the  extent  to  which  present  and 
future  generations  will  become  increasingly 
dependent  on  power,  whether  it  be  steam  or 
hydro-electric. 
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.•\n\'  csliinatf  lor  llu-  watrr  powiTs  of 
Canada  imisl  he  ])M-si'nU'(l  ami  I'DiisiiltTcd 
with  a  (iuc  appri'i'iation  ot'  its  liiiiitatii)ns. 
'Pahk'  I  n.'i)n.'seiUaliv(.'ly  sols  forlli  the  waliT- 
l)o\ver  situation  in  Canada.  By  no  means 
may  all  the  water  powers  he  economically 
tlcN'oloped. 

Canada  has  been  ag>;;ressive  in  the  develop- 
ment and  utilization  of  her  water-powers,  and 
no  lars^'c  communities  are  hotter  sujjijlied  with 
hydro-oloctric  power  and  11x1)1  than  are  jilaces 
like  Montreal,  Ottawa,  Toronto.  Hamilton, 
Winnipeg,  Calgary,  Vancoux'or  and  \'ictoria. 

The  most  striking  example  of  hydro- 
electric   energy    being    developed    and    dis- 

TABLE   I 

WATER  POWERS  OF   CANADA 
(Tentative  Schedule) 


with  their  local  distribution  and  operating  sys- 
tt'tns.  'i'iiis  extensive  use  of  eioflrical  energy 
results  in  the  annual  saving  of  several  millions 
of  tons  of  coal. 

Niagara  River  Water-power  Development  in  Canada 

At  Niagara  I'alls,  great  power  development 
has  already  taken  place.  There  the  capacity 
of  the  large  power  jjlants  in  Canada  may  be 
stated  as  in  Table  II. 

Niagara  Water  Allotted  by  Treaty  all  Taken 

The  total  diversion  for  both  countries  of 
.")(),()()()  cubic  feet  of  water  per  second  from 
the  Niagara  River  as  provided  by  the  Bound- 


Province 

Total  Estimated  24-hour 
Low-water 
Horse  Power 

Developed 
Horse  Power  (a) 

Prince  Edward  Island 

3,000 
150,000  (b) 
300,000  (b) 

O.noo.ooo 
ij.o(.' 1.000 

1'. 700. 000 

250,000 

450,000 
3,000,000 

100,000   (c) 

500 
30,000 

New  Brunswick 

Quebec 

1.5,000 

900,000 

1,000.000 

Manitoba 

83,000 
5,000 

Alberta                                              

33,000 

British  Columbia 

300,000 
13,000 

North  West  Territories   (d) 

Total  for  Canada 

18,953,000 

2,379,500 

(a)  This  column  presents  aggregates  of  installed  capacities. 

(b)  Special  investigation  now  in  progress. 

(c)  A  rough  estimate  made  for  inclusion  in  this  summary,  probably  low. 

(d)  No  reliable  data  available. 


tributed  on  a  large  scale  in  order  to  afford  a 
supply  of  cheap  power  and  light  for  com- 
munities is  found  in  the  work  of  the  Hydro- 
Electric    Power    Commission    of   Ontario.* 

This  Commission,  co-operatively  with  over 
200  Ontario  municipalities,  has  upwards  of 
3,000  miles  of  transmission  line,  and  serves 
over  120,000  customers.  In  fact,  nearly 
half  the  population  of  Ontario  is  supplied  with 
electricity  through  the  agency  of  the  Com- 
mission. The  capital  investment  of  the 
Province  in  connection  with  these  under- 
takings approximates  .$.5.3, 000, 000,  in  addi- 
tion to  which  the  various  municipalities  co- 
operating with  the  Commission  have  made  an 
investment  of  some  .120,000,000  in  connection 


ary  Waters'  Treat}'  has  now  been  fully 
allotted,  and  before  long  will  all  be  in  actual 
use  by  plants  on  both  sides  of  the  river. 
Suggestions  are  continually  being  made  to 
have  the  Treaty  revised  so  as  to  permit  of 
greater  diversion.  One  recent  proposal  is 
that  under  a  new  Treaty  each  country  shall 
be  permitted  to  divert  (30,000  cubic  feet  of 
water  per  second,  which  corresponds  to  ap- 
proximately 1,800,000  electrical  horse  power 
assuming  30  h.p.  to  be  developed  per  ctibic 
foot  of  water. 

Canada  an  Exporter  of  Electricity 

About    12.5.000    h.p.    of    Niagara    hydro- 
electric   power    is   exported    to    the    United 

*A  brief  but  comprehensive  historical  survey  of  the  evolution  of  the  Hydro-Electric  Power  Commission  of  Ontario,  by  Arthur  V. 
White,  is  given  in  the  Commission  of  Conservation's  report.  "*  Water- Powers  of  Canada."  Ottawa,  pp.  .35-56.  For  a  valuable  resume  of 
activities  of  the  Commission,  consult.  "Electric  Power  Generation  in  Ontario  on  Systems  of  Hydro-Electric  Power  Commission."  by 
Arthur  H.  Hull,  in  Proteedings  of  A  merican  Institute  of  EUclri-sal  Engineers,  January  1st.  1919;  also  published  in  The  Canadian  Engineer, 
issues  of  December  12  and  19.  1918. 


46S     June,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  6 


States.  Canada  is  exporting  electrical  energy 
from  New  Brunswick  to  the  State  of  Maine, 
from  Quebec  to  New  York,  from  Ontario  to 
New  York  and  to  Adinnesota,  and  from 
British  Columbia  to  Washington.  The 
United  States  is  importing  from  Canada 
about  200,000  h.p.  years  of  electrical 
energy.*  Many  factors,  of  course,  enter  into 
the  determination  of  the  equivalent  of  this 
electrical  power  in  terms  of  anthracite. 
Speaking  in  round  figures,  and  taking  cogni- 
zance of  some  of  these  special  factors,   the 


This  electrical  energy  is,  of  course,  much 
more  profitabh^  employed  for  power  than  for 
heating  purposes.  In  this  connection  it  may 
briefly  iSe  commented,  with  respect  to  the 
restricted  possibilities  of  electric  heating, 
that  for  years  past  the  author  has  been 
emphasizing  the  comparatively  limited  use 
which  can  be  made  of  electric,  energy  as  a 
wholesale  substitute  for  coal  for  heating, — 
including  the  heating  of  buildings.  The 
sooner  it  is  realized  that  hydro-electric  energy 
can  never  as  a  heating  agent  be  an  adequate 


TABLE  II 

NIAGARA  POWER  PLANTS  IN   CANADA 


Plant 

Rated  Capacity  of  Present 
Installation. 
Horse  Power 

Approximate  Maximum 

Generating  Capacity. 

Horse  Power 

Canadian  Niagara  Power  Co 

Ontario  Power  Co.   (controlled  by  the  Hydro-Electric 

112,500 

159,000 
135,800 

32.000 

•  100,000  (a) 
162,000  (b) 

Electrical  Development  Co 

Ontario  Power  Co.'s  new  pipeline  (Installed  by  Hydro- 
Electric  Power  Commission.)  Completed  1919.  .  .  . 

125,000  (c) 
32,000  (d) 

Present  Total  Development 

Chippawa  Plant  under  construction  by  Hydro-Electric 
Power  Commission  of  Ontario,  ultimate  develop- 
ment   

439,300 
300,000 

419,000 
300,000  (e) 

Total  Development  now  provided  for 

739,300 

719,000 

(a)  At  times  has  generated  about  103,000  h.p. 

(b)  At  times  has  generated  about  163,000  h.p. 

(c)  At  times  has  generated  146,000  h.p.,  but  it  is  claimed  that  the  water  used  to  generate  this  amount 
exceeds  the  quantity  legally  usable  to  generate  the  125,000  h,p.  specified  in  the  contract. 

(d)  This  pipeline  has  a  nomial  capacity  to  supply  water  for  50,000  h.p.;  but  the  balance  of  water  in  e.xcess 
of  that  required  for  the  two  new  15,000  kv-a.  generators  is  used  to  increase  the  efficiency  of  operation  of  the 
older  portion  of  the  plant. 

(e)  To  operate  under  a  head  of  305  feet  and  to  utilize  the  descent  of  the  Lower  River. 


electrical  power  now  imported  bjr  the  United 
States  would  be  the  equivalent  of  not  less 
than  3,000,000  tons  of  coal — and  doubtless 
is  a  quantity  substantially  greater,  even 
6,000,000  tons  or  possibly  more,  the  deter- 
mination of  the  equivalent  being  dependent 
upon  what  in  any  set  of  circumstances  are 
found  to  be  the  governing  factors,  f  It  will 
thus  be  perceived  that,  on  a  power  basis,  the 
coal  equivalent  of  the  electric  energy  exported 
to  the  United  States  approximates  the  quan- 
tity of  anthracite  imported  by  Canada  from, 
the  United  States. 


substitute  for  coal  for  the  citizens  of  Canada, 
the  sooner  will  action  be  concentrated  upon 
sources  from  which  real  relief  may  be  derived 
— there  is  no  use  entertaining  hope  towards 
a  source  from  which  no  sufficient  relief  can 
come.  At  the  annual  meeting  of  the  Com- 
mission of  Conservation  in  November,  1917, 
the  author  stated  that  "The  extent  to 
which  electric  energy  will  be  available  for 
heating  has  been  much  overrated  and, 
realizing  the  underhdng  physical  limitations 
one  cannot  be  enthusiastic  respecting  the 
extent  to  which  it  may  be  utilized."     This 

*For  discussion  of  various  aspects  of  problems  respecting  the  exportation  and  use  of  electrical  energy,  consult  the  following  articles  by 
Arthur  V.  White:  "Exportation  of  Electricity,"  which  appeared  in  the  Universily  Magazine,  October,  1910.  pages  460  et  seq.  Consult, 
also  Toronto  World,  March  18,  1912;  also  "Exportation  of  Electricity — An  Internationa'l  Problem;  Relation  of  a  Possible  Coal  Embargo 
by  United  States  to  a  Curtailment  or  Stoppage  of  Canada's  Electric  Power."  in  The  Monetary  Times  Annual  of  January  5,  1917,  pages 
21  et  seq:  also  "Coal  Problem  of  Canada  Demands  National  Action — A  Solution  of  a  Vital  National  and  International  Question"  in 
The  Monetary  Times  Annual,  January  4.  191S.  pages  25  et  seq;  also  consult.  "Barter  Power  for  U.  S.  Coal,"  in  The  ClobcTor  onto, 
November  27,  1917;  and  Monetary  Times,  Toronto,  January  18.  page  9.  and  February  22,  191S,  page  26. 

tConsult  the  Hydro-Electric  Power  Commission  of  Ontario  Report  on  the  "Rate  of  Coal  Consumption  in  Various  EJectric  Generat- 
ing Stations  and  Industrial  Establishments  in  Canada  and  the  United  States,"  by  A.  S.  L,  Barnes,  Toronto.  191S. 
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slalciiu'iil  ln-iiii.;  iiiadt'  ;il  a  tiiiic  ol'  si-riims 
li;irilslii|i  (luc  In  pnwor  and  fuel  sliDrlagi'. 
allracU'il  widespread  alti'iilion,* 

St.  Lawrence  River  Water-powers 

Outside  of  the  Niaj^'aru  Dislriet  the  jjreat- 
est  amount  of  water-power  of  immediate  eeo- 
nomic  imixirlance  is  found  al(jnj^  the  St.  Law- 
rence Ri^•er.  On  a  conservative  basis,  the 
low-water  ixnver  of  tlie  international  ])ortion 
of  the  St.  Lawrence  Ri\er  may  he  estimated 
at  about  SUO.OOO  h.p..   of  whicli   Canada   is 


1  lie  areas  which  iiave  no  natural  coal  resources. 
These  areas  now  imiiorlinj;  coal  will  no 
doui)l  be  increasingly  supplied  from  the 
Canadian  mines.  Considering^  the  country 
as  a  whole,  Canada  in  resi)ect  of  tjuanlily, 
ciuality,  and  accessibility  for  minin^^  jjur- 
l)oses,  possesses  coal  dei)osils  which  c<jm])arc 
favorably  with  those  of  the  greatest  coal 
niininj;  countries  of  the  world.  Canada,  as 
we  ha\e  seen,  can  never  dejK'nd  upon  her 
water  powers  as  a  sole  source  ff)r  heat.  Con- 
sequently, the  alternative  open  to  her.  and  it 


TABLE  III 

WATER-POWER  ON  THE  ST.  LAWRENCE  RIVER 

(Tentative  Schedule)    (a) 


Morrisburg-Rapide  Plat 

Long  Sault  rapid 

Coteau  rapid 

Cedars  rapid  (b) 

Split  Rock  and  Cascades  rapids 
Lachine  rapid 

Total 


ll.ad  Available 


11-15 
3()-40 
1.5-17 
30-32 
H-IS 


Estimated  Low-water 
24-hr.  h.p. 


170,000-230,000 
500.000-6.50,000 
2oO,0(IO-2ti(),00() 
4!U),llll0-,"i2.'i,l)00 
220,000-280,000 
300,000-450,000 

1,910,000-2,395,000 


Average  Estimated 
24-hr.  Low-water  h.p. 


200,000 
575,000 
2.50,000 
500,000 
250,000 
375,000 


2,150,000 


(a)  In  this  table,  to  have  the  estimates  fairly  representative  of  the  possible  quantities  which  might  be 
expected  under  representative  low-water  flow  conditions,  some  allowances  have  been  made  for  efficiency  and 
other  factors. 

(b)  Under  development  for  about  one  third  of  the  low-water  flow  of  the  river.  Consideration  would  be 
given  to  the  possibility  of  combining  the  Coteau,  Cedars,  Split  Rock  and  Cascades;  also  of  increasing  the  Lachine 
power. 


entitled  to  one  half,  or  400,000  h.p.  The 
correspondingh-  estimated  low-water  power 
on  the  portion  of  the  river  which  lies  wholly 
within  Canada  is  about  1,400,000  h.p.,  thus 
making  an  estimated  total  for  Canada  of 
1,800,000  low-water  continuous  h.p.  Assum- 
ing the  diversity  load-factor  of  the  present 
Niagara  system  of  the  Hydro-Electric  Power 
Commission  of  Ontario,  Canada's  l.SOO.OOO 
h.p.  on  the  St.  Lawrence  would  take  care  of 
a  power  demand  of  some  2,400,000  h.p.  The 
St.  Lawrence  river  power  sites  are  detailed  in 
Table  IILt 

Coal  Resources  of  Canada 

Now,  we  have  seen  how  great  are  the 
water-power  resources  of  Canada,  and  these, 
it  may  be  observed,  are  largely  spread  over 

*For  several  years  past  attention  has  been  drawn  by  Mr.  White  to  the  relatively  limited  use  that  can  efficiently  be  made  of  electrical 
energy  as  a  heating  agent.  On  February  11.  1918.  when  addressing  the  important  Fuel  Conference  held  by  municipalities  in  Gait  (see 
Gall  Reporler,  February  12,  1918).  Mr.  White  again  emphasized  his  contention  that,  as  a  general  proposition,  electrical  energy  is  more 
servjceably  employed  for  strictly  power  purposes,  while  fuel,  such  as  coal.  oil.  etc.,  is  more  profitably  employed  for  heating.  .-Vt  this 
meeting  he  set  forth  the  underlying  principles  governing  in  this  matter.  See  Monetary  Times,  Marcll  1,  1918.  page  18.  Consult,  also. 
Annual  Reports  of  Commission  of  Conservation,  Ottawa;  and  article  by  Mr.  White."  Electricity  will  not  Replace  Coal."  in  Industrial  Canada, 
Toronto.  April.  1918.— Editor. 

fFrom  "Power  Possibilities  on  the  St.  LauTence  River."  by  Arthur  V.  White.  Ottawa.  1918.  See.  also,  by  same  author,  "Long 
Sault  Rapids.  St.  Lawrence  River,  an  Enquiry  Into  the  Constitutional  and  Other  .Aspects  of  the  Project  to  Develop  Power  Therefrom," 


is  this  to  which  special  attention  is  directed, 
is  to  develop,  and  that  as  rapidh'  as  possible, 
both  her  own  fuel  and  power  resources,  and 
by  co-ordination  of  transportation  and  other 
cognate  agencies  to  provide  for  the  distri- 
bution of  fuel  to  all  communities  in  the 
Dominion.  In  some  respects  it  is  more 
important  to  move  coal  and  have  it  adequately 
stored  and  distributed  throughout  Canada 
than  it  is  to  move  the  grain  out  of  the  country. 
The  coal  fields  of  Canada  may  conveniently 
be  divided  into  four  main  divisions: 

1.  The   bituminous    coal   fields    of    Nova 
Scotia  and  New  Brunswick. 

2.  The    lignites    of    Manitoba    and    Sas- 
katchewan, and  the  lignites,  sub-bituminous 

and  anthracite  coal  fields  of  Alberta  and  the 
eastern  Rocky  Mountain  region. 


Com 


of  Conservation.  384  pp.  Ottawa.  1913. 
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TABLE  IV 
ESTIMATED   COAL   RESOURCES  OF   CANADA  (a) 


Province 

Area  of 
Coal  Lands 
Square  Miles 

Semi- 
Anthracite 
Tons 

Bituminous 
Tons 

Sub-bituminous 
Tons 

Lignite  Tons 

Nova  Scotia   

New  Brunswick 

Ontario 

Manitoba 

Saskatchewan 

Alberta                       

521 

121 

10 

48 

13,406 

81,878 

6,045 

2,840 

300 

6,000 

845,900,000 

10,691,000,000 
166,000,000 

217,91S,000,000(b) 

77,923,000, 000(b) 

275,000, 000(b) 

6,600,000,000 

932,053,000,000 

■  27,500,000 

176,000,000 

65,793,000,000 

29,095,000,000 

British  Columbia 

Yukon 

N.  W.  Territories 

Arctic  Islands 

5,715,500,000(0 
5,159,000,000(0 
5,280,000,000(0 

Total 

111,169 

845,900,000 

313,573,000,000      |  932,053,000,000 

111,246,000,000 

(a)  Consult  "Coal  Fields  and  Coal  Resources  of  Canada,"  by  Dr.  D.  B.  Dowling,  Geological  Survey  of 
Canada;  also  "Coal  Situation  in  Canada,"  by  W.  J.  Dick,  in  Transactions  oj  the  Canadian  Mining  Institute, 
1916. 

(b)  Includes  some  anthracite  coal. 

(c)  Includes  some  sub-bituminous  coal. 


TABLE   V 

COAL  PRODUCTION  AND  DISTRIBUTION   IN   CANADA 

Coal   Production   in   Canada  (a) 


1916                    1                     1917 

1918(b) 

Short  Tons 

Short  Tons 

Short  Tons 

Nova  Scotia 

New  Brunswick 

Saskatchewan 

Alberta 

British  Columbia 

Yukon  

6,912,140 

143,540 

281,300 

4,559,054 

2,584,061 

3,300 

6,327,091 

189,095 

355,445 

4,736,368 

2,4.33,888 

4,872 

5,852,802 

267,746 

345,310 

5,941,864 

2,568,591 

2,900 

Total 

14,483,395 

14,046,759 

14,979,213 

Distribution  of  Coal  Produced  (c) 

Sold  for  consumption  in  Canada 

Sold  for  export  to  United  States 

Sold  for  export  to  other  countries 

10,701,530 

1,451,075 

284,513 

10,469,468 

1,301,881 

301,060 

11,210,628 

1,351,179 

317.135 

Total  Sales 

12,437,118 

12,072,40j 

12,878,942 

Used   by    producers    in    making    coke. 

804,814 
1,241,463 

690,573 
1,283,777 

682,304 

Used  by  producers  for  colliery  opera- 

1,417,967 

Total  used  by  producers 

2,046,277 

1,974,350 

2,100,271 

(a)  Consult  "  The  Production  of  Coal  and  Coke  in  Canada, "  by  John  McLeish,  B.A.,  Chief  of  the  Division 
of  Mineral  Resources  and  Statistics,  Department  of  Mines,  Ottawa. 

(b)  Preliminary  figures,  subject  to  minor  modification. 

(c)  This  is  merely  a  record  of  distribution  by  the  companies  operating  the  collieries.  The  figures  "Used 
by  producers  making  coke,  steel,  brick,  etc,"  do  not  represent  the  total  amounts-of  coal  used  even  in  making 
coke  by  coke-oven  operators. 
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:!.  'riu'  si.'nii-;mtlir;ii.-itL'  ;inil  liiuiminnus 
fii'ltls  of  \'aiK'()UVcr  Island,  (jue'i'il  {"liai'luUc 
Island,  and  iho  inU'rior  of  British  C'ohunhia, 
and  the  lif^niles  of  Yukon. 

4.  The  low-fjradc  hilviminous  coal  and 
lignites  of  the  Arctic-Mackenzie  liasin. 

The  coal  areas  and  estimated  ciuantilies  for 
the  dilTerent  ])roviiices  are  shown  in  Table 
1\'.  There  should,  of  course,  for  iiraclical 
consideration,  be  a  substantial  reduction  made 
in  these  quantities,  due  to  waste  in  mininj; 
operations. 


mines,  considerably  larjjer  amounts  of  this 
coal  would  have  been  marketed  in  territory 
west  of  Montreal.  No  doubt  increased 
quantities  of  coal  will  be  shipped  westward 
into  central  Canada  ihrou^jh  the  14-ft. 
navij.;ation  alTorded  from  the  sea  to  the  Great 
Lakes  by  the  present  canal  system  of  Canada. 
As  a  result  oi  the  eiTorts  of  the  Fuel 
Administration  in  Canada,  there  have  been 
assembled  considerable  data  not  before  avail- 
able relating  to  the  Canadian  coal  trade. 
Some  of  these  data  have  now  been  incorpor- 


COAL  OUTPUT,  IMPORTATION  AND  CONSUMPTION  OF  COAL  IN  CANADA 


Ca'-endar  Years  I  Net  Tons) 


West  of  He.i^d  of  Gre.\t  L.\kes 

Output  British  Columbia 

Output  Alberta — Anthracite 

Output  Alberta — Bituminous 

Output  Alberta — Lignite 

Output  Saskatchewan — Lignite 

Imported  from  U.S.A. — Anthracite 

Imported  from  U.S.A. — Bituminous 

Total  tonnage  made  available 

Exported 

Net  consumption 

E.\ST  OF  He.\d  of  Great  Lakes 

Output  Xova  Scotia 

Output  Xew  Brunswick 

Imported  from  U.S.A. — Anthracite 

Imported  from  U.S.A. — Bituminous 

Total  tonnage  made  available 

Exported 


Net  consumption 

Total  consumption  in  Canada. 


2,208,289 
125.732 

1,626,237 

1  682,922 
243,125 
298,895 

1.423,882 

2,783.849 
140,544 

2,335,259 

2,172,801 
294,264 
533,846 

2,550,352 

2,676,760 
118,717 

2,206„868 

2,537.829 
360.623 
514,688 

2.825.702 

7,609,082 
864,160 

10,810,915 
1,105,718 

11241.187 
1.029,532 

6,744,922 

7,513,739 

126  923 

3,773.135 

7.622,449 

9,705  197 

6,911,995 

143,658 

4,040,368 

10,739,478 

10,211,6.55 

6,345,.335 

189,668 

4,805,000 

14,394,122 

19,036.246 
902,383 

21,835,499 
1,029,641 

25,734,125 
703,824 

18,133,863 

20,805,858 

25,030,501 

24.878.785 

30.511,055 

35,242,156 

Canada's  Coal  Production  and  Distribution 

Canada  annually  produces  L5. 000, 000  tons 
of'  coal.  Her  coal  and  coke  production  in 
1916.  1917,  and  191S,  are  given  in  Table  V. 
Canada  is  making  special  efforts  to  increase 
the  production  of,  and  areas  served  by,  her 
coal  mines.  This  is  evident  from  the  figures 
in  the  table  for  the  Province  of  Alberta,  the 
mines  of  which,  in  191S.  increased  their  pro- 
duction by  over  1.200,000  tons.  The  falling 
off  in  production  from  the  Nova  Scotia 
mines  is  more  apparent  than  real.  It  is 
believed  that  but  for  the  fact  that  the  British 
Admiralty  required,  for  war  purposes,  vessels 
which  ordinarily  would  have  been  used  for 
transporting    coal    from    the    Nova    Scotia 


ated  in  a  valuable  report  on  the  Coal  Trade 
of  Canada.  Table  VI  from  this  report  stim- 
marizes  the  facts  respecting  the  output, 
importation  and  consumption  of  coal  in 
Canada.* 

Canada's  Lignite  to  be  Briquetted 

Canada  is  making  serious  effort  towards 
the  development  on  a  large  scale  of  her 
lignite  and  peat  resources;  also,  towards  the 
increased  utilization  of  her  coal  fields  in  the 
East  and  in  the  West.  The  sum  of  S400.000 
has  been  made  available  to  the  Honorary 
Advisory  Council  for  Scientific  and  Indus- 
trial Research  of  the  Dominion  Government 
for  the  erection  of  a  carbonized  lignite  bri- 

*  Consult  "Report  of  the  Coal  Trade  of  Canada  for  the  Year  Ended  March  31,   1918,"  issued  bv  the  Internal  Trade  Dirision, 
Dominion  Bureau  of  Statistics.  8vo,.  xiv.  59  pp..  Ottawa,  1919. 
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quetting  plant  of  30,000  tons  of  briquettes 
per  annum.  Of  this  sum,  $200,000  was 
voted  by  the  Dominion  Government  and 
$100,000  each  by  the  Provinces  of  Manitoba 
and  Saskatchewan.  Work  incident  to  the 
construction  of  the  plant  is  under  wa^^  The 
estimated  cost  of  the  briquettes  per  ton  at 
the  mine,  including  all  fixed  charges  amount- 
ing to  20  per  cent  on  the  capital,  is  $7.00.* 

Peat  Resources  of  Canada 

Respecting  the  peat  bogs  of  Canada,  Dr. 
Eugene  Haanel,  Director  of  Mines,  Canada, 
has  strongly  urged  the  necessity  of  developing 
our  peat  resources,  and  at  a  recent  annual 
meeting  of  the  Commission  of  Conservation 
of  Canada  he  gave  an  able,  forceful,  and  serious 
address  upon  this  subject  which  the  people 
of  Canada  cannot  too  carefully  consider. 
Dr.  Haanel  affirmed  the  commercial  and 
economic  practicability  of  peat  production. 
Many  persons  who  have  had  their  interest 
and  hope  aroused  in  the  prospects  of  com- 
mercial peat,  feel  that  sufficient  time  has 
already  been  available  for  "experimenting" 
with  peat.  They  feel  that  if  essential  con- 
ditions respecting  the  acquirement  of  bogs 
are  rightly  provided  for,  and  the  employ- 
ment of  the  best  processes  of  manufacture 
and  handling,  costs,  etc.,  are  known,  the  peat 
industry  should  by  this  time  have  become 
commercialized  the  same  as  other  profitable 
industries.  Throughout  Canada  there  have 
already  been  discovered  areas  of  peat  bog 
estimated  to  aggregate  37,000  square  miles. 
According  to  a  broad  estimate  by  Dr.  Haanel, 
and  assuming  an  average  depth  of  bog  of  six 
feet,  this  area  corresponds  to  over  28,000,- 
000,000  tons  of  peat,  having  a  fuel  value 
equivalent  to  over  16,000,000,000  tons  of 
good  coal.  Manitoba,  Ontario,  Quebec  and 
New  Brunswick  have  peat  bog  areas  aggre- 
gating 12,000  square  miles,  f 

The  Province  of  Ontario  has  recently 
created  a  Peat  Commission,  which  it  is 
stated  has  two  experimental  plants  in  process 
of  construction. 

Petroleum  Resources  in  Canada 

Canada  is  known  to  possess  great  areas  of 
rich  petroleum-bearing  shales  and  sands. 
Although  considerable  work  has  been  per- 
formed in  such  areas — as  in  New  Brunswick — 
nevertheless,   the  industry  cannot  really  be 


said  to  be  commercialized.  Having  in  mind 
the  success  of  the  oil  shale  industry  in  Scot- 
land, there  appears  little  doubt  but  the  cor- 
responding industry  in  New  Burnswick, 
Nova  Scotia,  and  elsewhere,  will  ere  long 
become  extensive. 

According  to  all  indications,  the  year  1919 
will  see  the  greatest  prospecting  propaganda 
for  oil  that  has  occurred  in  Canada.  Many 
interests — Canadian,  British  and  United 
States — are  arranging  for  prospecting  parties 
with  modern  equipment  and  oil  experts  to 
prospect,  especially  in  Alberta  and  British 
Columbia. 

Respecting  the  possibility  that  petroleum 
will  be  discovered,  particularly  in  the  Viking 
area  and  the  Peace  and  Athabaska  valleys, 
"the  situation  may  be  summed  up  as  very 
promising, ' '  states  Mr.  James  White  in  his 
recent  monograph  on  the  "Fuels  of  Western 
Canada,  "t 

He  states  further: 

"A  small  quantity  of  dark  oil  obtained  in 
one  of  the  wells  in  the  Viking  gas  field  is  an 
encouraging  indication,  and  oil  has  also  been 
found  in  the  Pelican  Rapids  gas  well.  Seep- 
ages of  oil  have  been  found  near  Waterton 
lake  in  southwestern  Alberta,  and  in  the 
Flathead  valley  in  southeastern  British 
Columbia. 

"In  northern  Alberta  there  are  enormous 
tar  seepages  which  evidence  an  upwelling  of 
petroleum  unequalled  elsewhere  in  the  world. 
Along  the  Athabaska  river  they  extend  from 
Pelican  rapids  to  Fort  McKay,  a  distance  of 
over  100  miles.  The  known  occurrences 
indicate  that  there  is  in  sight  at  least  6J^ 
cubic  miles  of  bitumen,  and  the  petroleum 
from  which  it  was  derived  must  have  been 
many  times  greater.  While  this  enormous 
amount  of  petroleum  has  escaped,  there  must 
be  untapped  reservoirs  in  the  Devonian 
limestones  M^hence  it  was  derived.  Similar 
seepages  occur  near  the  Peace  and  Mackenzie 
rivers. 

"Near  Peace  River  Landing,  oil  has  been 
found  in  two  wells,  900  and  1,100  feet  deep, 
respectively.  The  first  well  is  reported  to 
have  yielded  3  to  4  bbl.  per  day  when  oil  was 
struck  in  the  upper  portion  of  the  tar  sands 
and  to  have  had  a  maximum  production  of 
about  9  bbl.  Drilling,  however,  was  con- 
tinued through  the  tar  sands,  which  are 
about  SO  feet  in  thickness  at  this  point,  and 

*  Consult  "The  Briquetting  of  Lignites,"  by  R.  A.  Ross,  Report  Mo.  1,  Honorary  Advisory  Council  for  Scientific  and  Industrial 
Research.  Ottawa.  191S.  Consult,  also,  "  Carbonizing  and  Briquetting  of  Lignites."  by  W.  J.  Dick,  Commission  of  Conservation, 
Ottawa,  1917;  also  by  same  author,  "Canada's  Own  Coal  and  the  Fuel  Problem."  in  Indnslrial  Canada.  April.  1918;  also  "Fuels  of 
Western  Canada  and  Their  Efficient  Utilization"  (revised  edition),  by  James  White,  Commission  of  Conservation.  Ottawa.  1918. 

fConsult  "Peat  as  a  Source  of  Fuel,"  by  Eugene  Haanel,  Director  Mines  Branch.  Ottawa,  1918. 

iSee  note  under  Lignite,  Supra. 
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a  ht'a\\'  fli)\v  of  waliT  ami  ^;as  was  struck 
immi-dialcly  below  the  sands. 

"The  socDiici  well  is  in  the  tar  sands  and  is 
reported  to  be  yiekling  about  25  bbl.  ])er 
day." 

There  is  marked  evidence  that  Canadians 
are  alive  to  the  imjiortant  possibilities  of  the 
petroleum  industry,  and  the  results  of  the 
efforts  to  lie  made  in  H)li»  are  looked  forward 
to  with  the  greatest  interest. 

Canada  Seeks  EfBciency  in  Fuel  Consumption 

Canadians  arc  recognizing  the  fact  that 
it  is  fairly  incumbent  upon  them  to  apply 
every  permanent  means  within  their  power 
to  utilize  coal  in  the  best  and  most  efficient 
manner.  It  is  recognized  that  coal  shortage 
may  recur,  and  therefore  the  lessons  of 
the  recent  shortage  must  not  be  forgotten. 
It  is  true  that  the  lessons  of  the  coal  shortage 
of  1902-03  were  all  too  soon  forgotten,  but 
surely  those  of  the  distressing  times  of  the 
winter  of  191 7-1 S  will  prove  more  lasting. 

We  must  not  forget  the  "heatless  days;" 
the  times  when  gasoline  could  not  be  used; 
the  denial  of  fuel  for  certain  luxuries,  as  use 
on  private  yachts;  the  curtailment  of  fuel  for 
the  manufacture  of  such  apparatus  as  musical 
instruments,  talking  machines,  etc.;  the 
allotment  to  florists  for  greenhouse  purposes 
of  only  .50  per  cent  of  the  fuel  they  were 
accustomed  to  receive;  the  compelled  use  in 
certain  districts  of  wood  for  fuel;  the  restric- 
tions upon  the  use  of  natural  gas;  the 
prohibited  use  in  many  cases  of  anthracite 
and  the  substitution  therefor  of  bituminous 
coal;  the  daylight  saving  legislation  on  both 
sides  of  the  Atlantic;  the  cutting  down  of 
illuminated  advertising;  and  the  enforced 
"lightless  nights."  These  and  many  other 
facts  must  be  held  in  mind  as  indicating  how 
wide-spread  and  absolutely  necessary  have 
been  the  efforts  for  economy  with  respect  to 
fuel.  In  the  period  of  reconstruction,  and 
afterwards,  the  demand  for  fuel  will  doubtless 
be  such  that  many  of  the  restrictions  placed 
upon  its  use  during  the  war  period  will  in  one 
form  and  another  find  permanent  expression. 

In  Canada,  as  in  the  United  States,  it  is 
expected  that  coal  consumers  will  endeavor 
to  effect  economies  by  the  systematic  employ- 
ment of  every  reasonable  means  which 
modern  progress  can  de\'ise.  Some  of  such 
means  maj-  suggestively  be  enumerated  as 
follows : 


•Consult  "Possibilities  Aliead  of  the  Gas  Industry  as  Revealed 
by  a  E>igest  of  Reports  from  Various  Sources,"  by  G.  W.  Allen  in 
Proceedings  of  Ilth  Annual  Meeting  of  the  Canadian  Gas  Associa- 
tion, lais. 


Some   Means  for  Obtaining  Greater  Efficiency 

///  llic  use  of  coal  j^cucriilly.  great  economies 
may  be  effected  by  subjecting  the  raw  bitu- 
minous and  lignite  coals  to  such  by-ijroduct 
and  other  manufacturing  processes  as  will 
sa\e  the  valuable  by-jjroducts  anfl  at  the 
same  time  produce  from  inferior  grades  a 
satisfactory  and  clean-burning  fuel;  l)y  a 
proper  co-ordination  of  the  uses  of  electricity 
and  C(jal  according  to  their  resjiective  spheres 
of  greatest  efficiency;  and  by  a  greater 
utilization  of  gas.  Those  interested  in  the 
coal-gas-producing  industries  arc  looking  for- 
ward to  the  greatly  increased  use  of  gas  and 
the  recovery  of  by-products,  including  the 
coke.*  Manufacturers  of  stoves  and  heating 
apparatus  are  giving  serious  attention  to  the 
production  of  apparatus  more  suitable  for 
satisfactorily  burning  the  softer  coals. 

/;/  the  production  of  power,  savings  may  be 
effected  by  taking  advantage  of  the  greater 
efficiency  of  the  modern  steam  turbine  and  of 
large  hydraulic  units,  and  by  the  inter-con- 
nection, especialty  over  large  areas,  of  various 
electric  plants — whether  steam-electric  or 
hydro-electric,  or  combinations  of  both — with 
the  object  of  securing  the  greatest  efficiency  in 
the  supply  of  power  and  light  to  districts 
respectively  served. 

By  co-ordinated  efforts  by  communities, 
sa\-ings  may  be  effected  by  staggering  the 
hours  of  closing  of  factories,  by  the  adoption 
of  the  skip-stop  system  for  street  railways, 
by  daylight-saving  legislation,  by  the  enact- 
ment and  enforcement  of  wise  laws  designed 
to  eliminate  the  wastes  resulting  from  the 
smoke  nuisance. 

In  manufacturing  establishments,  sa\'ings 
w-ill  be  effected  by  the  more  efficient  use  of 
light  and  power,  by  the  elimination  of 
uneconomical  plants  and  processes,  by  the 
installation  of  means  to  use  more  economical 
fuel  for  direct  heating,  by  the  substitution 
where\-er  possible  of  hydro-electric  for  steam- 
developed  power,  and  by  standardization. 

By  the  electrification  of  steam  railways, 
especially  if  operated  by  hydro-developed 
power,  enormous  savings  in  fuel  consumption 
may  be  made  by  the  reduction  of  the  amount 
of  coal  to  be  hauled,  by  the  sa\"ing  of  energy^ 
resulting  from  the  regeneration  of  electricity 
by  improved  methods  of  braking,  by  the 
reduction  of  the  number  of  buildings  and 
divisional  points  due  to  the  greater  radius 
of  action  of  electric  locomotives,  and  where 
fuel-power  is  employed,  by  its  economical 
production  in  large  modern  generating 
stations.     Canada  is  looking  ahead  to  great 
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development  in  the  near  future  in  the  electri- 
fication of  steam  railways.  The  Ontario 
Government  and  municipalities  already  have 
this  problem  in  hand. 

In  all  such  eliorts  to  attain  the  efficiency 
possible  by  intelligent  saving  and  co-ordina- 
tion, Canada  may  be  rehed  upon  not  to  fall 
short  of  her  privileges.  Recognizing  that 
the  days  of  the  wide-spread  use  of  anthra- 
cite are  numbered,  her  bituminous  coals  and 
lignites  will  be  subjected  to  by-product  and 
other  manufacturing  processes  with  the  object 
of  producing  a  satisfactory  and  clean-burning 
fuel.  Canada  does  not  desire  to  ignore  the 
rr.arch  of  progress  in  these  fuel  problems, 
nor  will  she  be  backward  in  effecting  econ- 
omies for  the  prevention  of  needless  fuel  and 
power  wastes. 

Canada   Must  Bestir   Herself  Respecting   Her   Fuel 
Resources 

Now,  in  conclusion,  it  must  be  recognized 
that  anthracite  as  a  fuel  is  a  luxury.  Within 
the  last  twenty-five  years  many  farmers 
and  citizens,  especially  in  outlying  com- 
munities where  formerly  only  wood  was  used, 
now  use  anthracite.  It  became  easier  and 
more  convenient  for  the  farmer  to  haul  his 
coal  from  the  railroad  siding  than  to  go  into 
the  bush  and  chop  his  year's  supply  of  wood. 

A  great  portion  of  this  Dominion,  like  the 
farmer,  has  become  dependent  upon  others 
for  coal. 

Canada,  even  though  she  may  regret  being 
deprived  of  the  luxury  of  clean-burning 
anthracite  or  the  easily-delivered  bituminous 
coal,  must,  nevertheless,  arouse  herself  and 
bestow  the  necessary  intelligent  labor  upon 


her  own  fuel  resources  in  order  to  m.ake  them 
available  for  her  national  needs. 

There  is  no  necessity  for  Canada,  with  her 
vast  resources  of  fuel  and  water  power,  to  go 
cold  or  to  have  her  industries  throttled  by 
reason  of  power  shortage;  but  Canada  may 
have  a  sore  trial  in  both  these  respects  unless 
every  possible  effort  is  speedily  m.ade  to  deal 
with  the  fuel  and  power  situation  in  a  compre- 
hensive manner. 

Once  a  broad  national  policj'  has  been 
determined,  financial  and  other  assistance 
should  be  promptly  rendered  to  enable  sane 
and  businesslike  development  of  Canada's 
lignite,  peat,  and  other  fuel  resources  for  the 
benefit  of  the  nation,  to  be  carried  out  by- 
competent  technical  officials  entrusted  with 
this  great  and  honorable  responsibility.  As 
we  have  already  noted  the  work  has  been 
commenced 

Officials  of  the  government  of  Canada,  such 
as  those  in  the  Geological  Survey,  Depart- 
ment of  Mines,  the  Corn-mission  of  Conserva- 
tion, and  other  organizations,  have  knowledge 
of  existing  conditions  and  of  practical  means 
by  which  much  of  the  stress  may  be  relieved. 
To  carry  out  these  measures  of  relief  and  to 
place  Canada  in  a  reasonably  independent 
position  with  respect  to  fuel  will  take  time; 
but  there  is  no  doubt  that  if  matters  are  dealt 
with  in  a  broad  statesmanlike  manner,  and 
the  necessary  encouragement  of  financial  and 
other  assistance  is  given  to  those  who  are 
competent,  Canada  will,  at  a  minimum  of 
effort  and  expense,  be  relieved  of  a  menace 
with  respect  to  her  coal  supply  which  threatens 
not  only  her  economic  life,  but  the  well-being 
of  a  large  proportion  of  her  citizens. 
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Records  and  Maintenance  of  Aluminum-cell 
Lightning  Arresters 

Hv  F.  S.  I'li-Ki' 

El.M  TKK'.M.   IVNC.INUi;!*,    M  AM  lli:STliR  TRACTION,    I-K.IIT   AM)   I'dWKK  CuMI'ASY 

WhiU-  no  single  method  of  maintaining  aluminum-cell  arresters  can  be  said  to  he  universally  the  best, 
llu'  nulhinl  described  below  and  cm])loyed  by  the  compary  with  which  the  author  is  connected  has  proven 
so  inexpensive  and  reliable  as  to  warrant  its  description  as  .i  model  system. — Editor. 


To  be  assured  that  electrolytic  lij^htnin^ 
arresters  will  provide  the  greatest  protection 
at  all  times,  it  is  necessary  to  charge  them 
regularly,  to  measure  the  charging  current 
freqticntly,  and  to  folknv  up  the  information 
obtained.  The  jjerformance  of  this  work 
should  be  supplemented  by  the  keeping  of 
stich  records  as  will  clearly  indicate  the  con- 
dition of  the  arresters  and,  in  so  far  as  pos- 
sible, detect  negligence  on  the  part  of  the 
attendant. 


or  any  unusual  occurrence  observed  when 
charging  the  arrester  or  measuring  the  charg- 
ing current. 

These  report  sheets  are  trailed  to  the  ofTice 
of  the  electrical  engineer  each  week  on  the 
day  following  the  test  of  charging  current. 
They  are  inspected  and  the  value  of  the 
charging  current  is  plotted  on  a  yearly  cur\'e 
on  a  5  by  S  inch  card  ruled  for  the  jjurjjose. 
Fig.  2.  A  glance  at  this  curve  will  show  any 
variation  in  the  charging  current. 
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Sample  Sheet  from  the  Lightning  Arrester  Weekly  Record  Book  of  the  Manchester  Tracti( 
Light  8c  Power  Company  showing  dates  and  times  of  charging  and  charging  currents 


The  lightning  protection  equipment  of  the 
Manchester  Traction,  Light  and  Power  Com- 
pany includes  sixteen  33,()00-volt  aluminum- 
cell  arresters  located  in  five  widely  separated 
stations.  During  the  months  of  June,  Jtily, 
and  August  the  arresters  are  charged  three 
times  daily;  once  by  each  of  the  three  shifts. 
Throughout  the, remainder  of  the  year  the 
arresters  are  charged  twice  daily. 

Each  station  is  supplied  with  a  duplicating 
book  of  weekly  record  sheets,  one  page  of 
which  is  illustrated  in  Fig.  1.  On  these  sheets 
the  operator  records  the  time  of  charging  the 
arrester  and  signs  his  initials.  The  charging 
current  is  measured  once  each  week  and  is 
also  recorded  in  the  book.  Space  is  provided 
for  recording  mechanical  defects,  loose  parts. 


Of  course  this  record  can  be  "faked "'  if  the 
operator  does  not  feel  like  charging  the 
arrester,  and  this  has  been  done.  In  one  case 
the  night  operator  failed  to  charge  the 
arrester  but  filled  out  his  records.  This 
practice  continued  until  the  weekly  charging 
cun-ent  test  showed  an  increase  in  current 
and  an  inspection  one  morning,  after  a  snow 
storm  of  the  previous  evening,  revealed 
no  tracks  around  the  arrester.  After  this 
discovery  the  curA-e  soon  returned  to  nor- 
mal. 

Each  week  when  the  charging  current  is 
m.easured  the  operators  are  expected  to  make 
inspection  for  defects  such  as  loose  bolts  and 
nuts,  broken  insulators,  etc.,  to  obser\-e  if 
the  gap  settings  appear  to  be  changed,  and  to 
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note  these  conditions  or  anything  unusual  on 
the  weekly  report  sheet. 

Each  spring  the  arresters  are  overhauled  to 
make  sure  that  they  are  in  good  condition  for 
their  "busy  season."  The  cone  stacks  are  re- 
moved from  their  tanks  and  each  cell  is  tested 
to  ascertain  the  condition  of  the  film.  Any 
cell  not  showing  up  well  on  this  test  is 
marked  and  inspected  when  taking  down  the 
stack.  A  few  of  the  top  cones  are  taken  off 
and  inspected  even  if  they  show  up  well  in 
the  test,  as  these  cones  are  the  most  worn  and 
are  a  good  index  of  the  condition  of  the 
remainder  of  the  stack.-  Any  pitted  or 
punctured  cones  are  rejected.  It  is  best 
to  replace  those  rejected  with  used  cones 
instead  of  new  ones,  but  if  it  is  necessarv  to 


key.  Fig.  3  is  a  diagram  of  the  outfit.  As 
there  was  no  250  to  270-volt  tap  on  a  standard 
transformer,  it  was  necessary  to  so  connect  the 
coils  that  the  prim.ar}^  voltage  bucked  the 
secondary  voltage  from  363  to  about  253 
volts,  assuming  a  110-volt  supply.  An 
ammeter  with  a  one-ampere  scale  is  used  to- 
read  the  current  and  the  short-circuiting  key 
is  provided  to  avoid  damage  to  the  ammeter 
by  the  first  rush  of  current. 

The  procedure  in  forming  a  cell  is  to  insert 
the  contact  plug  between  the  edges  of  the 
cones  and  watch  the  lamps  die  down  as  the 
film  forms,  then  press  the  key  and  read  the 
charging  current  on  the  ammeter.  This 
method  allows  the  use  of  the  one-ampere 
ammeter,  which  forms  a  part  of  e-\-ery  charge 
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Fig.  2.      Sample  Report  Card  of  Lightning  Arrester  Charging  Current  plotted  i 
Electrical  Engineer's  Office  from  the  Report  Sheets,  Fig.  1 


use  new  cones,  they  should  be  placed  at  the 
top  of  the  stack. 

The  instructions  of  the  manufacturers  are 
carefully  followed  in  the  reconstruction  of 
badly  damaged  arresters.  In  forming  diffi- 
cult films,  care  is  taken  not  to  apply  the 
voltage  long  enough  to  heat  the  electrolyte. 

Considerable  time  was  required  at  some  of 
the  stations  to  get  the  proper  voltage  for 
formiing  the  films,  as  long  runs  of  wiring  would 
have  to  be  made  to  get  to  a  220-volt  circuit. 

To  more  readily  obtain  a  suitable  forming 
voltage,  a  portable  outfit  was  devised,  con- 
sisting of  a  standard  110  to  330-363-440-volt 
200-watt  potential  transformer  mounted  in 
a  box  with  resistance  and  two  indicating 
lamps.  Connections  were  provided  for  a  volt- 
meter and  an  ammeter  with  short-circuiting 


ing  current  indicator.  The  source  of  current 
may  be  any  convenient  alternating-current 
lamp  socket,  as  five  amperes  is  the  maximum 
current  taken  from  the  circuit.  This  film- 
forming  outfit  may  be  used  without  the 
ammeter  and  voltmeter  by  observing  the 
lamps  die  down  as  the  film  forms.  Fig.  4  is  a 
photograph  of  the  outfit. 

In  adjusting  the  spheres  and  horn  gaps, 
gage  blocks  are  used.  Two  of  these  are 
shown  in  Fig.  7.  Gage  block  "a"  is  for 
horn  gaps  for  33,000-volt  and  11,000-volt. 
arresters.  Each  step  is  plainlj'  marked 
with  voltage  rating  of  the  arrester  and 
"upper"  and  "lower"  gap.  Gage  block 
"b"  is  for  33,000-volt  sphere-gap  and 
11,000-volt  horn-gap  arresters.  Here  the 
upper  sphere  gap  is  adjusted  to  the  thickness 
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Fig    3.     Wiring    Diagram    of  Film    Fo 
Fig.  4 


of  the  block.  The  lower  sphere  gap  is  the 
largest  step  ami  the  liorn  gap  is  the  second 
step.  The  smaller  steps  are  for  the  11,0(10- 
volt  arrester. 

Proper  safeguards  arc  provided  for  the  men 
when  worlcing  on  the  arresters.  As  all  the 
circuits  are  in  duplicate  and  each  circuit  is 
capable  of  carr\-ing  the  whole  load  between 
the  stations,  the  circuit  is  killed  and  grounded 
and  short-circuited  at  both  ends  and  the  dis- 
connecting switches  are  opened  so  that  any 
possible  error  in  switching  will  not  endanger 
the  men.  Figs.  5  and  6  show  the  grounding 
devices  employed.     When  the  line  is  alive. 


Fig.  4.     Portable  Outfit  with  Indicating  Devices  for  Forming 
Films  on  Lightning  Arrester  Cones 

the  ground  wire  serves  as  a  guard  wire  for  the 
roof  entrance  wires  and  also  as  a  support  for 
ground  sticks  when  not  in  use. 

Any  company  using  electrolytic  arresters 
could  well  afford  the  slight  expense  in  making 
such  records  and  inspections. 


Fig.  5.      Rouf  of  One  of  the  Manchester  Traction.  Light  &  Power  Company's  Stations  showing  Aluminum  Cell  Lightning 
Arresters  and  Entrance  Bushings  with  Lines  Grounded  by  the  Grounding  Sticks  shown  in  Fig.  6 
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Fig.  6.      Near  View  of  Grounding  Sticks  showing  the 
Method  of  Attachment 
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Fig.  7.      Gauges  used  for  Conveniently  Setting  and  Checking 

the  Setting  of  the  Lightning  Arrester  Horn  and 

Sphere  Gaps 


Fig.  8,     Another  View  of  the  Roof  shown  in  Fig.  5-      The  Lightning  Arrester.  Horn  and  Sphere  Gaps, 
and  Sticks  Grounding  the  Lines  at  the  Entrance  Bushings  are  Clearly  Visible 
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Prolongation  of  Life  of  Tribolium  Confusum 
Apparently  Due  to  Small  Doses  of  X-rays 

By  WiiKiiLiiR  P.  Davly 

Ri;si;akch  Lahoratory,  General  Electkic  Comi'any 

"  The  days  of  our  years  are  three  score  years  and  ten;  and  if  by  reason  of  strength  they  be  jour  score 
years,  yd  is  Iheir  sirciiRth  labour  and  sorrow;  for  it  is  soon  cut  off,  and  we  fly  away." — 06/A  Psalm.  For 
ages,  perpetual  youth  has  been  tlie  ilream  of  mankind,  anil  the  efl(jrts  to  reach  Ijeyond  the  allotted  span  of 
"three  score  years  and  ten  "  have  been  many.  It  is,  of  course,  self-evident  that  the  results  recorded  m  this 
article  can  not  be  applied  directly  to  any  other  form  of  life  without  prolonged  experimentation.  It  is  too 
much  to  hope  that  we,  or  even  our  children's  children,  will  learn  how  to  prolong  human  life  in  this  way. 
But  it  is  surely  a  long  step  forward  to  be  able  to  prolong  the  life  of  even  a  tiny  grain  pest  like  tribolium 
confusum. — Editor. 


In  a  previous  article*  by  tlic  author  cxijcri- 
ments  were  described  which  showed;  first, 
that  X-rays  when  f^ivcn  in  sufficient  quantity 
were  able  to  shorten  the  life  of  triboliuin 
confusum;  and  second,  that  the  length  of  life 
after  X-raying  could  be  expressed  by  a 
mathematical  formula,  the  theoretical  deri- 
vation of  which  was  given.  It  is  the  purpose 
of  this  article  to  give  the  results  of  further 
experiments  showing  that  it  is  apparently 
possible  to  materially  lengthen  the  life  of 
these  same  organisms  by  giving  sufficiently 
small  doses  of  X-rays. 

In  the  article  referred  to,  curves  were  given 
showing  that  the  minimum  dose  necessary  to 

MAM 
kill  all  the  beetles  was  500  — ^^r;—   at  50  kv.t 
2o- 

Some  of  the  less  resistant  beetles  could  be 
killed  by  smaller  doses,  but  the  curves  for  100 


and   200 


MAM 


at   50  kv.   had   portions  in 


which  the  death  rate  was  lower  than  that  of 
the  controls.  Comment  on  this  was  reserved 
until  it  could  be  confirmed  by  further  experi- 
ments. Ample  confirmation  has  now  been 
obtained. 

-  The  experiments  undertaken  fall  into  two 
groups:  those  in  which  very  small  doses  of 
X-rays  were  given  daily  throughout  the  life 
of  the  beetles;  and  those  in  which  the  X-ray 
dose  was  given  all  at  one  time,  as  in  the  work 
previously  published.  In  each  of  these  groups 
of  experiments  it  has  been  shown  possible 
to  duplicate  results  time  after  time,  subject 
only  to  those  general  limitations  which  are 
inseparable   from   biological   work.      Typical 


♦"Effect  of  X-rays  on  the  Length  of    Life  of  Tribolium  Con- 
fusum," General  Electric  Review.  Feb.  1917,  p.  174. 
t  i.e.,  500  milHampere-minutes  at  25  cm.  distance  at  50  "root- 
mean-square"  ki  ovolts. 
X  Loeb  &  Xorthrup,  Proc.  Nat.  Acad.  Sci.,  Aug.  19  6. 


experiments  in  each  group  will  be  described 
in  the  fallowing.  The  apparatus  and  tech- 
nique were  the  same  as  in  the  work  previously 

reported. 

Experiment  A:      Prolongation  of  Life  Due  to  Small 
Daily  Doses  of  X-rays 
Six  groups  of  approximately  950  individuals 
each    were    taken.      These    were    known    as 
groups  IV,  I W,  IX,  lY,  IZ,  and  J  A. 

Grou])  I  \'  was  the  control. 

MA  \I 
711    was  given  6M      ^.„     at  50  kv.,  25  ma. 

daily. 

IX  was  given  12  J/2  ^-„"     at  50  kv.,  25  ma. 

dailv. 

li    was  given  2o  .-,-, —  at  oO  kv.,  2o  ma. 

daily. 

IZ     was  given  50  '  „'     at  50  kv.,  25  ma. 


After  159  days  the  beetles  were  practically 
all  dead.  The  data  on  the  death  rates  were 
then  collected  and  plotted  as  shown  in  Fig.  1. 
These  graphs  furnish  ample  proof  that  it  is 
possible  to  reduce  the  death  rate  of  tribolium 
confusum  b}-  small  daily  doses  of  X-rays. 

Table  I  gives  readings  from  these  graphs 
to  the  nearest  whole  number.  These  readings, 
taken  from  the  smooth  curves  of  the  graphs, 
do  not  differ  from  the  actual  experimental 
data  by  more  than  one  per  cent. 

Except  while  being  X-rayed  or  counted,  the 
beetles  were  kept  in  an  incubator  at  34-35 
deg.  C.  In  order  to  make  sure  that  the 
results  were  not  affected  by'  some  possible 
"temperature  co-efficient  of  life, "J  the  con- 
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trols  were  taken  out  of  the  incubator  while 
group  J  A  was  being  rayed,  and  were  kept  out 
during  the  whole  raying.  Since  group  J  A 
was  rayed  the  longest  time  each  day,  this 
meant  that  the  controls  were  cooled  off  for  a 
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longer  time  than  groups  JIL,  IX,  lY,  IZ. 
Therefore,  if  cooling  off  for  a  few  minutes 
each  day  happened  to  tend  to  increase  the 


*  The  ordinates  of  probability  paper  are 
ordinary  curve  of  the  probability  integral 
straight  line. 


3  spaced  that  the 
represented  by  a 


length  of  life,  then  the  controls  were  made  to 
live  longer  than  they  otherwise  would.  The 
actual  increase  in  length  of  life  observed  in 
groups  IVV,  IX  and  IF  is,  therefore,  not  due 
to  any  possible  effect  of  temperature,  but 
occurs  in  spite  of  it.  After  so  many  boxes  of 
beetles  in  J  A  were  dead  that  the  time  of 
raying  group  IZ  was  greater  than  the  time 
of  raying  J  A,  the  controls  were  kept  out 
of  the  incubator  while  group  IZ  was  being 
rayed. 

Some  data  not  given  in  the  graphs  may  be 
of  additional  interest.  Each  group  was 
divided  into  two  sub-groups  of  about  the 
same  number  of  individuals  each.  It  was 
found  that  the  idiosyncrasy  was  great  enough 
that  the  curves  of  the  corresponding  sub- 
groups could  not  be  exactly  superimposed. 
However,  it  was  found  that  this  idiosyncrasy 
was  always  less  than  the  changes  in  death 
rate  caused  by  X-rays.  By  way  of  illustra- 
tion. Table  II  shows  the  percentage  of  beetles 
dead  in  each  sub-group:  on  the  day  when  50 
per  cent  of  the  controls  were  dead,  and  on 
the  day  when  50  per  cent  of  the  X-rayed 
group  were  dead.  This  table  shows  that  the 
loivest  death  rate  among  the  controls  (group  /  V) 
was  higher  than  the  highest  death  rate  among 
the  beetles  of  groups  IW ,  IX,  lY. 

It  is  interesting  to  note  in  this  connection 
that  the  total  dose  received  by  these  beetles 
was  greatly  in  excess  of  that  minimum  dose 
which,  when  given  all  at  once,  would  have 
caused  premature  death. 

A  further  analysis  of  the  data  of  groups 
IF  to  J  A  will  be  of  interest.  The  curves 
shown  in  Fig.  1  when  re-plotted  on  proba- 
bility paper*  appear  as  shown  in  Fig.  2.     It 
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was  fiiuntl  tlial  vnc\]  iur\<-  was  (•(iin|iiisc(l  of 
jxirlidiis  (if  ihroc  accuialc  pruliahility  ciirNi'S 
joined  end  to  ciul.  ll  i.s  as  th()ii^,'li  iIutl'  wi-rc 
three  causes  of  ileulh,  or  i)erlia])s  three  deliniU' 
groups  of  ages.  These  tliree  ])orlioiis  of  the 
death-rate  curve  will  be  temied  A,  H,  and  ('. 
Portion  C  represents  those  beetles  which 
lived  the  longest  in  their  group. 

Tabje  III  gives  the  death  rate  \kt  100  in 
each  group  for  A,  B,  and  (". 
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It  is  evident  that  the  smallest  daily  dose 
(group  IIV)  decreases  the  death  rate  of  "A" 
and  that  those  beetles  which  are  kept  from 
dying  of  "A,"  die  of  "B."  Deaths  from 
cause  "C"  are  practically  unaltered.  A 
larger  daily  dose  (group  IX)  causes  about 
half  of  those  which  would  normally  die  of 
"A"  to  die  of  "C"  A  still  larger  daily  dose 
(group  lY)  causes  half  of  those  which  would 
have  died  of  "A"  to  die  of  "B"  and  "C." 
A  still  larger  daily  dose  (group  IZ)  acts  much 
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lethal  action  of  X-rays  is  more  marked  on 
cells  in  the  process  of  division  than  on  those 
in  the  resting  state.  Therefore,  sm.all  daily 
doses  (larger  than  a  certain  minimal  value) 
can  kill  oft  those  few  cells  which  happen  to  be 
in  a  state  of  division  at  the  time  of  raying. 
The  death  of  these  few  cells  stimulates  the 
production  of  more  to  take  their  places 
between  the  periods  of  raying.  Therefore 
small  daily  doses,  instead  of  increasirig  the 
death  rate  from  cause  '\4,"  actualh^  decrease 
it  by  stimulating  the  processes  of  repair. 
The  whole  individual  beetle,  therefore,  has  a 
smaller  chance  of  dying  from  "A"  and  is 
CGm.pelled  to  die  of  either  "5"  or  "(T." 
When  the  daily  dose  is  increased  to  such  a 
value  that  the  daily  destruction  of  cells  is 
equal  to  or  greater  than  the  production  of 
new  cells,  premature  death  occurs,  from 
causes  "B"  or  "A"  (see  groups  IZ  and  ]A). 

Experiment  B:      Prolongation  of  Life  Due  to  Small 
Single  Doses  of  X-rays 

Five  groups  of  approximately  850  indi- 
viduals each  were  taken.  These  were  known 
as  groups  ]B,  ]C,  JD,  JE  and  JF. 

Group  JB  was  the  control. 

MAM 
JC  was  given  100  at  50  kv.,   50  ma. 

MAM 

JD  was  given  200  — ^.,      at  50  kv.,   50  ma. 

Jo- 

M  AM 
JE  was  given  300      .,_..      at  50  kv.,  50  ma. 

M  4  M 
JF  was  given  400      .-,'..      at  50  kv.,   50  ma. 


like  the  previous  dose  in  causing  almost  half 
of  those  which  would  have  di_ed  of  "A"  to 
die  of  "  B,"  but  it  differs  from  it  in  that  some 
of  those  which  would  have  died  of  "C"  are 
prematurely  killed.  The  largest  daily  dose 
employed  (group  J  A)  caused  about  a  third 
of  those  which  would  have  died  of  " B"  and 
" C"  to  die  of  "A." 

It  is  hard  to  interpret  all  this.  It  may  be 
that  life  cannot  exist  except  in  the  presence 
of  a  small  amount  of  radioactivity.  The 
radioactivity  of  the  earth  may  not  have  been 
of  the  optimum  value,  so  that  some  benefit 
was  derived  from  the  X-rays  received  each 
day.  The  following  is  an  effort  at  an  alter- 
native explanation.  The  evidence  given  by 
group  J  A  shows  that  the  lethal  action  of 
X-rays  is  tied  up  in  some  way  with  cause 
of  death   ".4."     It  is  well  known  that   the 


The  beetles  were  rather  old,  so  that  the 
controls  were  all  dead  on  the  -tOth  day  of  the 
experiment.  There  were  so  few  beetles  still 
alive  after  the  35th  day  that  the  results  of 
the  last  five  days  are  not  of  the  same  order 
of  accuracv  as  those  of  the  first  35  days. 

During  the  first  10  days  of  the  experiment, 

M  AM 
group  JC  (100  — 7^^—  at  50  kv.)  had  the  same 

death  rate  as  the  controls.  After  the  tenth 
day  the  death  rate  was  considerably  less 
than  that  of  the  controls.  The  two  groups 
were  di-vided  into  two  equal  sub-groups  and 
although  it  was  found  that  the  idiosyncrasy 
was  such  that  the  stib-groups  were  not  exactly 
ahke,  still,  after  the  tenth  day,  the  highest 
death  rate  of  group  JC  was  lower  than  the 
lowest  death  rate  of  the  controls. 
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During  tlu-  first   17  il;i\s  of  llic  t'Xi>iTinu-iit , 
MAM 


t^mup  J  I)  (201) 


al  .")()  kv.)  had  a  hif^hcr 


(k'atli  rate  than  the  controls.    After  the  17th 

day,    the   death   rale  of  jjroup  .//)  was  less 

than  that   of  the  controls.     After  the  2()lh 

day,  the  death  rate  of  //)  was  identical  with 

that  of  JC.     When  divided  into  two  eciiial 

suh-j^roujis  as  described  above,  it  was  found 

that  after  the  22nd  day  the  highest  death  rale 

of  group  JD  was  less  than  the  lowest  death 

rale  of  the  controls. 

During  the  first  29  days  of  the  experiment, 

MAM 
the  death  rate  of  group  JE  (300     .^.^     at  oO 

kv.)  was  greater  than  that  of  the  controls. 

After  the  29th  day,  the  death  rate  of  JE  was 

less  than  that  of  the  controls. 

MAM 
The  death  rate  of  group  //•  (400     _^.„     at 

50  kv.)  was  at  all  times  greater  than  that  of 
the  controls. 

These  results  are  shown  graphically  in 
Fig.  3.  Fig.  4  contains  an  analysis  of  these 
same  curves  by  means  of  probability  paper, 
showing  that,  as  in  the  case  of  experiment  .4, 
the  curves  are  composed  of  accurate  portions 
of  probability  curves  placed  end  to  end. 

All  of  the  foregoing  results  seem  to  be  a 
direct  confirmation  of  the  curves  given  in  the 
previous  paper  (loc.  cit.).  The  effect  of  con- 
centrated single  doses  is  not  nearly  so  marked 
as  the  effect  of  a  series  of  small  "homeo- 
pathic" doses.  This  seems  to  be  much  the 
same  law  as  is  already  well  known  in  serum 
therapy  and  in  the  action  of  certain  drugs. 
In  the  case  of  serum  therapy,  this  law  has 
been  shown  to  be  identical  with  the  law  of 
absorption.  If  it  could  be  rigorously  shown 
that  the  effects  of  exposure  to  X-rays  follow 
the  same  general  law,  we  should  conclude 
that  the  X-rays  are  responsible  for  the  pro- 
duction of  some  substance,  perhaps  in  the 
blood,  which  is  later  absorbed. 


(4)  A  method  of  graphical  analysis  of 
results  has  been  descriljcd  by  which  the 
numl)er  of  cau.ses  of  death  may  be  determined 
from  the  death  rate,  and  by  which  the  efTcct 
of  an  external  agent  ujjon  each  of  these  causes 
mav  be  studierl. 
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Summary 

(1)  It  has  been  shown  that  the  life  of 
tribolium  confusum  may  be  prolonged  by  the 
use  of  a  purely  physical  agent;  i.e.,  X-rays. 

(2)  The  prolongation  of  life  due  to  a  series 
of  small  daily  doses  is  greater  than  that  of 
larger  doses  given  all  at  once. 

(3)  The  lethal  effect  of  an  X-ray  dose  is 
less  if  it  is  split  up  into  a  series  of  small  daih' 
doses,  than  if  it  is  given  all  at  once. 


(5)  Using  the  same  kind  of  organism 
throughout  the  whole  experiment,  the  work 
reported  in  this  and  the  previous  paper 
(loc.  cit.)  has  shown  that,  by  merely  var\-ing 
the  size  of  the  dose,  a  purely  physical  agent 
(X-rays)  may  be  made  to  produce  at  will  (a) 
a  stimulation.  (6)  a  destructive  effect  which 
occurs  only  after  a  latent  interval,  and  (c)  an 
instant  destructive  effect. 
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Safety  Rules  for  Men  Handling  Electrical 
Circuits  or  Apparatus 

The  safety  rules  published  below  are  based  on  the  long  and  vast  experience  acquired  in  the  electrical  field 
by  the  General  Electric  Company  and  have  been  thoughtfully  and  carefully  prepared  by  that  Company  for 
its  own  employees.  We  do  not  feel,  however,  that  the  usefulness  of  these  rules  should  be  thus  confined,  and 
therefore  publish  them  for  their  consideration  and  adoption  by  the  electrical  fraternity  at  large. -^Editor. 


Rules 

These  safety  rules  should  be  carefully  read 
and  studied.  Employees  may  be  called  upon 
at  any  time  to  show  their  knowledge  of  the 
rules. 

Warnings 

Employees  whose  duties  do  not  require 
them  to  approach  or  handle  electrical  equip- 
ment and  lines  should  keep  away  from  such 
equipment  or  lines. 

They  should  cultivate  the  habit  of  being 
cautious,  heed  warning  signs  and  signals,  and 
always  warn  others  when  seen  in  danger  near 
live  equipment  or  lines. 

Inexperienced  Employees 

No  employee  shall  do  work  for  which  he  is 
not  properly  qualified  on  or  about  live  equip- 
ment or  lines,  except  under  the  direct  super- 
vision of  an  experienced  or  properly  qualified 
person. 

If  an  emplo^-ee  is  in  doubt  as  to  the  proper 
performance  of  any  work  assigned,  he  should 
request  instructions  of  foreman  or  other 
responsible  person.     Don't  take  chances. 

Workmen  whose  employment  incidentally 
brings  them  in  the  neighborhood  of  electrical 
supply  equipment  or  lines,  with  the  dangers  of 
which  they  are  not  familiar,  shall  proceed 
with  their  work  only  when  authorized.  They 
shall  be  accompanied  by  a  properly  qualified 
and  authorized  person,  whose  instructions 
must  be  strictly  obeyed. 

Personal  Caution 

Em])loyees  about  live  equipment  or  lines 
should  consider  the  eft'ect  of  each  act,  and  do 
nothing  which  may  endanger  themselves  or 
others.  Employees  should  be  careful  always 
to  place  themselves  in  a  safe  and  secure  posi- 
tion to  avoid  slipping,  stumbling,  or  moving 
backward  against  live  parts.  The  care 
exercised  by  others  should  not  be  relied  on  for 
protection. 

Remember,  personal  caution  is  the  greatest 
safeguard  after  all. 

Clothing 

Employees  should  wear  suitable  clothing 
while  working  on  or  about  li^'e  equipment  and 


lines.  In  particular,  they  should  keep  sleeves 
down  and  should  avoid  wearing  unnecessary 
metal  articles,  celluloid  collars,  celluloid  or 
metal  cap  visors  or  similar  articles.  Near 
live  or  moving  parts  loose  clothing  and  shoes 
that  slip  easily  on  floors  worked  upon  should 
not  be  worn. 

Safety  Devices 

Safety  devices  provided  to  make  the  work 
less  hazardous  should  always  be  used,  but 
entire  reliance  should  not  be  placed  on  them 
as  any  safety  device  may  get  out  of  order  and 
become  ineffective,  therefore,  such  devices  or 
tools  should  be  first  examined  to  make  sure 
that  they  are  suitable  and  in  good  condition. 

Safety  Belts 

Employees  should  not  work  in  elevated 
positions  unless  secured  from  falling  by 
approved  safety  belts  or  by  other  adequate 
means. 

Safety  belts,  whether  owned  by  the  Com- 
pany or  by  the  individual  workmen,  should 
be  periodically  inspected. 

Eye  Protectors 

Suitable  eye  protectors  should  be  worn  by 
men  working  where  an  electric  arc  may  be 
drawn,  with  resultant  flash  to  eyes. 

Approved  safety  goggles  should  be  worn  to 
prevent  injury  by  flying  particles  when  chisel- 
ing concrete,  stone  or  brick  for  the  support  of 
wiring  devices  or  electrical  apparatus. 

Rubber  Gloves 

Rubber  gloves  should  be  used  only  in  special 
cases,  and  care  must  be  taken  to  see  that  they 
are  in  good  condition. 

Danger  Signs 

Approved  danger  signs  must  be  placed  at  all 
points  where  men  rasiy  accidentally  come  in 
contact  with  live  wires,  and  should  also  be 
placed  at  suitable  places  when  men  are  work- 
ing overhead,  to  prevent  passersby  from 
injury  from  falling  tools,  etc.  Danger  signs 
should  be  removed  when  the  danger  is  past. 

Manholes 

When  a  cover  is  removed  from  a  manhole, 
the  hole  must  be  properly  guarded  by  railing, 
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danger  sij,Mi  or  nd  lla^.     An  additinnjil  man 
slationi'il  al    thi-  opiMiin^;   is  v(lvn  advisahk'. 

Ladders 

No  im])erfect  or  dcf(.'cti\'c  ladders  should  Ik- 
used.  All  ladders  should  be  ])rovided  with 
ajjproved  non-slij)  shoes  to  ])revent  slii)i)inK- 
On  cement,  tile  or  iron  floors,  or  other  smooth 
surfaces  a  board  should  be  ])lacetl  under  the 
non-slip  shoes. 

Tools 

No  imperfect  or  defecti\-e  tool  should  be 
used. 

The  handles  of  tools  should  be  covered  with 
rubber  tape  to  prevent  slippins^  and  to  reduce 
the  possibility  of  short  circuits  across  them. 
Such  taping,  however,  should  not  be  relied 
upon  for  protection  of  workmen  from  shock. 
Heads  of  cold  chisels,  center  punches,  etc., 
should  be  occasionall)-  dressed  and  not  allowed 
to  become  mushroomed.  Avoid  the  use  of 
measuring  tapes  of  metal  or  with  metal 
woven  into  the  fabric,  also  brass-bound  rules 
and  steel  scales. 

Rubber  Shields 

When  working  on  poles  carrying  lines  of  a 

potential    higher    than    600    volts,    wiremen 

may  use  rubber  shields  across  the  wires  to 

I      protect    themselves     while     working     on     a 

selected  wire. 

Insulating  Stands 

Employees  must  be  properly  insulated  from 
the  ground  by  a  linoleum  or  rubber  mat, 
insulated  stool,  wooden  slat  platform,  or  other 
suitable  Insulating  material  when  working  on 
circuits  or  operating  high  tension  switches, 
especially  the  disconnecting  lever  type. 

Circuits 

No  repairs,  alterations  or  examinations 
■  requiring  handling  of  live  circuits  above  750 
volts  should  be  made,  except  in  case  of  urgent 
need,  and  only  when  under  the  personal 
supervision  of  the  foreman.  All  voltages 
must  be  considered  dangerous  by  wiremen. 
Even  though  the  voltage  may  not  be  great 
enough  to  produce  a  fatal  shock,  it  may  cause 
serious  consequences  by  throwing  workman 
from  ladder  or  other  overhead  position. 
Except  in  emergencies,  no  employee  shall 
work  alone  on  or  near  live  circuits  above  750 
volts  in  wet  weather  or  at  night. 

Circuits  should  be  made  dead  whenever 
possible  before  work  is  begun.  Dead  circuits 
should  be  treated  as  if  thev  were  alive.    This 


procedure  develops  a  cautious  nature  and  may 
sometimes  ])revent  an  accident  caused  by 
another  jierson's  error. 

When  working  on  series  lamjj  circuits, 
employees  should  make  sure  that  they  are 
well  insulated  from  the  ground  and  that  the 
current  is  ofT. 

All  circuits  should  be  tagged  or  lettered  so 
that  they  may  be  readily  identified. 

Whenever  circuits  are  opened  for  repairs, 
alterations  or  examination,  the  control 
switch  should  be  locked  open  and  where 
switch  construction  permits,  it  should  be 
padlocked.  The  disconnecting  switches  or 
cutouts  should  also  be  opened  as  an  additional 
safeguard  against  accidental  closing  of  circuit. 
The  workman  responsible  for  having  the  cir- 
cuit opened  shall  place  on  a  controlling  switch 
a  tag  bearing  his  name  and  a  notice  that  the 
switch  shall  not  be  closed  until  the  tag  is 
removed.  No  person  other  than  the  workman 
tagging  the  switch  shall  be  allowed  to  close 
such  switch.  Whenever  it  becomes  necessar>' 
for  the  person  tagging  a  switch  to  leave  before 
the  work  is  completed,  as  may  be  the  case  in  a 
long  job,  he  shall  go  to  the  switch  accompanied 
by  the  man  who  is  to  assume  the  responsibil- 
ity, and  remove  his  tag;  his  successor  shall 
then  attach  a  similar  tag  to  the  switch. 

Where  it  is  not  possible  on  account  of  condi- 
tions to  tag  open  switches,  the  wires  should  be 
short-circuited  and  grounded  between  source 
of  power  and  point  where  work  is  being  done, 
and  kept  so  until  work  is  completed. 

As  an  additional  safeguard,  circuits  carry- 
ing 750  volts  or  over  should  be  short-circuited 
and  grounded  even  if  the  rules  previously 
stated  are  observed. 

Wiring 

All  wiring  must  be  done  in  accordance  with 
Underwriters'  Rules,  National  Bureau  of 
Standards  or  local  ordinances.  Wires  care- 
lessly installed  are  dangerous  and  often  are 
the  cause  of  short  circuits  and  fires.  Ends  of 
wires  should  not  be  left  exposed  after  cutting. 
If  wires  cannot  be  removed  altogether  the 
ends  should  be  well  insulated. 

The  insulation  on  a  mre  should  not  be 
trusted  for  protection  from  shock.  While  the 
insulation  m.ay  look  perfect  it  may  have 
deteriorated  from  age  or  exposure  so  it  cannot 
be  relied  on. 

When  tapping  live  insulated  wires,  insula- 
tion should  be  removed  from  onh'  one  wire 
at  a  time.  A  second  wire  should  not  be 
exposed  until  the  first  tap  is  made  and  the 
joint  insulated. 
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Connections  between  wires  must  be  well 
made,  the  wires  bound  and  soldered  and  the 
joint  carefully  insulated.  When  wires  are 
held  in  contact  by  means  of  screws,  care 
must  be  taken  to  see  that  the  screws  are  set 
down  tight.  A  slight  movement  of  the  wire 
while  setting  down  screws  will  tend  to  make 
the  joint  tight. 

Grounding 

EiTLployees  should  assum.e  that  all  circuits 
are  grounded  and  insulate  their  bodies  prop- 
erly against  all  wires. 

Frames  of  motors,  switch  boxes,  trans- 
formers, etc.,  must  be  substantially  grounded. 

To  avoid  possible  shock  due  to  grounding 
when  work  is  being  done  in  damp  places, 
extra  precautions  must  be  taken  to  insulate 
the  body.  This  can  generally  be  satisfac- 
torily done  by  using  a  dry  plank  or  board  to 
stand  on. 

Operating  Switches 

Switches  should  be  left  wide  open  when  in 
open  position,  and  fully  closed  when  in  the 
closed  position. 

Switches  should  not  be  closed  in  a  hesitating 
manner  or  by  tapping  the  blades  against  the 
contacts  to  ascertain  if  the  circuit  is  on,  but 
should  be  closed  in  a  firm,  positive  manner, 
using  sufficient  force  to  make  full  contact  of 
blades.  A  switch  should  not  be  closed  with- 
out full  knowledge  of  the  condition  of  the 
circuit. 

Fuses  and  Cutouts 

Fuses  should  be  pulled  or  replaced,  using 
insulated  fuse  pullers.  The  live  end  of  the 
fuse   should    be    pulled    out    first    and   when 


replacing  fuses  the  live  end  should  be  put  in 
last. 

The  puller  shown  in  Fig.  I  is  standard 
for   2.500-volt   porcelain   fuse   plugs. 

Power  Plant  and  Motor  Attendants 

Do  not  allow  oil  cans,  tools,  dusters  or 
wiping  cloths  to  catch  in  moving  parts  of 
machines.  In  passing  any  switchboard  or 
machine  in  operation,  do  not  touch  it  unneces- 
sarily nor  allow  metal  tools  or  other  metal 
objects  to  touch  the  apparatus  or  its  con- 
nections. Do  not  use  iron  or  tin  oil  cans  near 
field  magnets.  Use  only  oilers,  dusters,  or 
wipers  with  insulated  handles  in.  or  about 
commutators,  switches,  switchboards  or  other 
electrical  equipment. 

Resuscitation 

The  prone  pressure  method  of  resuscitation 
should  be  used  in  all  cases  of  electrical  shock. 
This  method  should  therefore  be  thoroughly 
understood  by  all  men  handling  electrical  cir- 
cuits or  apparatus.  See  instructions  on 
page  487. 

Observance  of  Rules 

The  above  rules  cover  some  of  the  duties 
and  precautions  for  the  protection  of  wiremen 
and  electricans;  they  must  be  observed  by  all 
men  handling  electrical  circuits  or  apparatus. 

Additional  special  instructions  not  to 
interfere  with  these  rules  may  be  issued  by 
each  Works  if  required  to  cover  special  con- 
ditions. 

If  the  rules  are  not  clear  or  it  appears  neces- 
sary^ for  any  reason  to  violate  any  of  them,  the 
superintendent  or  foreman  of  the  electrical 
department  should  be  promptly  consulted. 


Fig.  1.     Porcel, 


Plug  and  Puller 
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RESUSCITATION  FROM  ELECTRIC  SHOCK 

Follow  These  Instructions  Even  If  Victim  Appears  Dead 


I.  Immediately  Break  the  Circuit 

With  a  single  (luiik  motion,  fri'i'  thi-  victim  from 
the  current.  Use  any  dry  non-cnnductnr  (clothing, 
rope,  board)  to  move  cither  the  victim  or  the  wire. 
Beware  of  using  metal  or  any  moist  material.  While 
freeing  the  victim  from  tlie  live  conductor  have  every 
effort  also  made  to  shut  off  the  current  quickly. 

II.  Instantly  Attend  to  the  Victim's  Breathing 

1.  As  soon  as  the  victim  is  clear  of  the  conductor, 
rapidly  feel  with  your  finger  in  his  mouth  and  throat 
and  remove  any  foreign  body  (tobacco,  false  teeth, 
etc.).  Then  begin  artificial  respiration  at  once.  Do 
not  stop  to  loosen  the  victim's  clothing  now;  et'cry 
moment  of  delay  is  serious.     Proceed  as  follows: 

(a)  Lay  the  subject  on  his  belly,  one  arm 
extended  directly  overhead,  the  other  arm  bent  at 
elbow  and  with  the  face  resting  on  hand  or  forearm 
so  that  the  nose  and  mouth  are  free  for  breathing 
(see  Fig.  1).  Let  an  assistant  draw  forward  the 
subject's  tongue. 

(b)  Kneel  straddling  the  subject's  thighs,  and 
facing  his  head;  rest  the  palms  of  your  hands  on  the 
loins  (on  the  muscles  of  the  small  of  the  back),  with 
fingers  spread  over  the  lowest  ribs,  as  in  Fig.  1. 

(c)  With  arms  held  straight,  swing  forward 
slowly  so  that  the  weight  of  your  body  is  gradually, 
but  not  violently,  brought  to  bear  upon  the  subject 
(see  Fig.  2).  This  act  should  take  from  two  to  three 
seconds. 

(d)  Then  immediately  swing  backward  so  as  to 
remove  the  pressure,  thus  returning  to  the  position 
shown  in  Fig.  1 . 

(e)  Repeat  deliberately  twelve  to  fifteen  times  a 
minute  the  swinging  forward  and  back —  a  complete 
respiration  in  four  or  five  seconds. 

(f)  As  soon  as  this  artificial  respiration  has  been 
started,  and  while  it  is  being  continued,  an  assistant 
should  loosen  any  tight  clothing  about  the  subject's 
neck,  chest  or  waist. 

2.  Continue  the  artificial  respiration  (if  neces- 
sary, two  hours  or  longer),  without  interruption, 
until  natural  breathing  is  restored,  or  until  a 
physician  arrives.  If  natural  breathing  stops  after 
being  restored,  use  artificial  respiration  again. 

.    3.     Do    not   give   any    liquid    by    mouth    until   the 
subject  is  fully  conscious. 

4.     Give  the  subject  fresh  air  but  keep  him  warm. 

III.  As  Soon  as  Accident  is  Discovered 
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NOTES 
An  accidental  electric  shock  usually  does  not  kill  at  once,  but 
may  only  stun  the  victim  and  for  a  while  stop  his  breathing. 
The  shock  is  not  likely  to  be  immediately  fatal,  because: 

(a)  The  conductors  may  make  only  a  brief  and  imperfect  con- 
tact with  the  body. 

(b)  The  skin,  unless  it  is  wet.  offers  high  resistance  to  the 
current. 

Hope  of  restoring  the  \'ictim  lies  in  prompt  and  continued  use 
of  artificial  respiration.     The  reasons  for  this  statement  are: 

(a)  The  body  continuously  depends  on  an  exchange  of  air,  as 
shown  by  the  fact  that  we  must  breathe  in  and  out  about  fifteen 
times  a  minute. 

(b)  If  the  body  is  not  thus  repeatedly  supplied  with  air. 
suffocation  occurs. 

(c)  Persons  whose  breathing  has  been  stopped  by  electric 


shock  have  been  reported  restored  after  artificial  respiration  has 
been  continued  for  approximately  two  hours. 

The  Schafer  or  "prone  pressure"  method  of  artificial  respira- 
tion, slightly  modified,  is  illustrated  and  described  in  the  above 
resuscitation  rules.     The  advantages  of  this  method  are: 

(a)  Easy  performance;  little  muscular  exertion  is  required. 

(b)  Larger  ventilation  of  the  lungs  than  by  the  supine 
method. 

(c)  Simplicity;  the  operator  makes  no  complex  motions  and 
readily  learns  the  method  on  first  trial. 

(d)  No  trouble  from  the  tongue  falling  back  into  the  air 
passage. 

(e)  Xo  risk  of  injury  to  the  ver  or  ribs  if  the  method  is 
executed  with  proper  care. 

Aid  can  be  rendered  best  by  one  who  has  studied  the  rules  and 
has  learned  them  by  practice  on  a  volunteer  subject. 
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IN  MEMORIAM 


Edwin  D.  Mullen,  conspicuous  in  the 
development  of  the  electrical  industry  in 
America  and  for  many  years  an  official  of 
the  General  Electric  Company,  died,  in  Phila- 
delphia, on  April  5,  1919,  at  the  advanced  age 
of  eighty-one. 

Mr.  Mullen  began  his  career  in  the  '60s  as 
a  clerk  in  what  is  now  the  National  Bank 
of  North  America,  at  Philadelphia,  and  from 
this  subordinate  position  he  rose  to  be  a 
successful  banker,  broker,  merchant  and 
manufacturer. 


EDWIN    D.   MULLEN 

He  first  became  prominent  in  the  electrical 
industry  in  1S84,  or  shortly  prior  thereto, 
when  he  accepted  the  position  of  General 
Manager  of  tlie  Thomson-Houston  Electric 
Light  Company  of  Philadelphia.  This  com- 
pany owned  the  exclusive  rights  to  the 
Thomson-Houston  patents  in  New  Jersey, 
Pennsylvania,  Delaware,  Maryland  and  the 
District  of  Columbia.  Mr.  Mullen  retained 
this  position  until  1892,  when  the  Thomson- 
Houston  Electric  Light  Company  of  Phila- 
delphia was  incorporated  into  the  Pennsyl- 
vania General  Electric  Company,  with  the 
late  Charles  O.  Baird  as  President.  Air. 
Baird  prevailed  upon  Mr.  Mullen  to  become 
the  active  commercial  head  of  this  organiza- 


tion, and  from  a  nucleus  of  ten  or  twelve  em- 
ployees largely  through  Mr.  Mullen's  efforts 
a  powerful  organization  was  developed. 

In  1894  Mr.  Mullen  was  made  Manager  of 
the  Philadelphia  District  of  the  General  Elec- 
tric Company,  and  occupied  this  position 
until  1916,  when  he  was  retired  by  the  com- 
pany, with  recognition  of  his  loyal  and  valu- 
able services. 

In  the  earlier  years  of  the  electrical  industry 
the  introduction  of  electric  light  and  power 
required  the  building  and  financing  of  central 
stations,  and  from  the  first  Mr.  Mullen  was 
deeply  interested  in  these  developments  and 
distinguished  himself  by  his  broad  policy  and 
his  ability  to  maintain  the  most  amicable 
relations  between  these  public  service  utilities 
and  the  people  whom  they  served.  His 
first  undertaking  of  the  kind  was  the  estab- 
lishment of  a  small  arc  lighting  plant  at 
Philadelphia,  which  afterwards  became  the 
Philadelphia  Arc  Lighting  Company,  one  of 
the  largest  underlying  corporations  of  the 
Pliiladelpliia  Electric  Company. 

Many  other  important  enterprises  were 
created  and  financed  by  Mr.  Mullen,  among 
which  were  the  Hudson  Electric  Light  Com- 
pam',  Hoboken,  N.  J.;  Thomson-Houston 
Electric  Co.,  Newark,  N.  J.;  New  Jersey 
Electric  Light  Company,  Bridgeton;  New 
Jersey  Electric  Light  Company,  Long  Branch ; 
Pennsylvania  Electric  Company,  Bloomsburg; 
Pennsylvania  Electric  Light  Company,  Mil- 
ton, and  the  Pennsylvania  Electric  Company, 
Germantown. 

Mr.  Mullen's  personality  was  forceful  and 
ingratiating,  and  his  charm  of  manner  im- 
pressed all  with  whom  he  came  in  contact. 
A  prominent  characteristic  was  his  great  lo\'e 
for  his  family.  His  charities  and  practical 
assistance  to  others  were  frequent  and  exten- 
sive. The  esteem  in  which  he  was  held  by  a 
host  of  friends  and  acquaintances  is  indicated 
by  this  expression  from  one  of  his  oldest 
business  associates : 

' '  I  have  had  a  very  busy  life  myself,  a  very 
active  life,  and  in  my  many  years  I  have  done 
business  with  thousands  of  men,  but  I  have 
no  hesitancy  in  sa\dng  that,  of  the  thousands 
I  have  known,  of  the  thousands  I  have  done 
business  with,  none  has  measured  up  to  the 
standard  of  manhood  which  E.  D.  Mullen 
established  when  young,  and  which  he  stead- 
fastly, unflinchingly  adhered  to  throughout 
his  career." 
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A  TRIUMPH  FOR  INDUSTRY 


When  America  declared  war  on  Germany 
in  April,  1917,  most  of  us  were  deploring  the 
unpreparedness  of  the  country.  It  would  be 
easy  to  write  criticisms  on  this  score,  as  it  is 
tnie  we  were  lamentably  unprepared;  but  it 
is  useless  crying  over  the  past,  the  only  rea- 
sonable thing  to  do  is  to  learn  from  past  mis- 
takes and  profit  by  them  in  our  future  actions. 

The  record,  after  America  became  a 
participant  in  the  great  world  tragedy  Uj)  to 
the  signing  of  the  armistice,  is  one  of  which 
all  may  justly  be  proud.  During  the  last 
three  months  of  the  war  for  every  minute 
of  the  night  and  day  seven  American  soldiers 
with  all  equipment  and  maintenance  arrived 
in  France.  The  Navy,  always  better  prepared 
for  war  than  many  realized,  had  grown  till 
the  personnel  amounted  to  GOU.OOO  officers 
and  men  and  comprised  about  2000  armed 
vessels  and  transports.  These  were  wonderful 
achievements.  The  efforts  of  the  country 
were  not  confined  to  the  raising  of  an  army 
of  millions,  transporting  2,000.000  men  over 
3000  miles  of  sea,  the  expansion  of  the  navy 
to  an  unprecedented  extent,  and  the  building 
of  a  mighty  merchant  marine,  but  included  a 
prodigious  industrial  effort  and  financial  task 
that  hitherto  would  have  been  thought  impos- 
sible. Such  a  record,  when  thrown  against 
the  background  of  unpreparedness,  is  nothing 
short  of  man.-elous  and  engenders  a  natural 
pride  in  the  spirit  that  accomplished  it. 

The  National  undertakings  were  of  such 
magnitude  that  the  figures  we  use  in  measur- 
ing them  became  almost  meaningless,  because 
the  human  mind  has  little  power  of  discrimi- 
nating between  one  huge  sum  total  and 
another  when  they  climb  from  millions  to 
billions  and  beyond.  It  would  be  wearisome 
to  recite  some  of  the  huge  totals,  but  it  is 
interesting  to  try  to  get  some  mental  impres- 
sion of  their  proportion.  To  take  one  example, 
the  Fourth  Liberty  Loan  amounted  to  S6,000,- 
000,000.      Would    it    make    much    difference 


to  our  mental  conception  of  this  huge  total  if 
we  were  to  add  or  subtract  a  cipher  or  two"' 
We  need  a  new  measuring  stick.  This  sum 
amounts  to  SG  for  even,'  minute  since  the 
birth  of  Christ  up  to  Christmas,  1919.  The 
American  National  debt  during  the  period  of 
the  war  increased  by  §20  for  every  minute  of 
the  entire  Christian  era.  The  total  National 
debts  of  the  larger  belligerent  countries 
mounted  up  to  SI 94  for  ever\-  minute  of  this 
era  of  "Peace  on  Earth,  Good  Will  Toward 
Men,"  and  all  this  vast  strni,  except  a  minute 
fraction,  was  spent  in  prosecuting  the  world 
war  so  that  future  eras  might  still  be  called 
Christian. 

The  preparations  that  America  made  be- 
tween the  time  she  entered  the  conflict 
and  the  signing  of  the  armistice  are  so  pro- 
digious that  it  is  hard  to  comprehend  them. 
Had  the  war  continued  they  would  have 
astonished  the  whole  world. 

How  was  it  that  a  country,-  so  totally 
unprepared  was  capable  of  obtaining  such 
results?  There  is  only  one  logical  answer; 
America  had  a  huge  patriotic  army  thoroughly 
organized,  well  generaled,  and  working  with 
wonderful  efficiency.  It  was  not  a  fighting 
army,  it  was  an  army  of  peace,  the  army  that 
had  given  America  her  prosperity — the  Great 
Industrial  Army  of  the  United  States. 

The  full  story  of  what  this  army  did  during 
the  war  will  never  be  told — it  is  too  big  to  tell — 
but  one  thing  ought  to  be  known  and  appre- 
ciated by  the  country  at  large,  namely,  that 
except  for  the  fact  that  this  army  was  loyal, 
well  organized  and  ably  generaled  by  big 
patriotic  citizens,  the  story  of  her  part  in  the 
war  would  have  been  very  different. 

It  is  very  hard  to  appreciate  the  size  of 
America's  industrial  army.  Taking  the 
figures  of  the  Department  of  Labor  for  1913 
we  find  that  there  were  just  about  38,000,000 
men  and  women  enlisted  in  the  ranks,  about 
7,000,000  women  and  the  rest  men,  fighting 
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the  industrial  battles  of  the  country.  The 
railroads  alone  employed  over  a  million  and 
three-quarters,  over  a  million  and  a  half  were 
in  the  building  trades,  no  less  than  twelve 
millions  were  following  the  pursuits  of  agri- 
culture and  forestry  and  three-quarters  of  a 
million  were  employed  in  our  coal  mines  and 
so  on,  till  by  the  time  we  have  recorded  all 
those  mining  metals,  our  fishermen,  our  mer- 
chant marine,  our  power  houses,  our  quarries, 
our  street  railways  and  the  great  host  of  over 
seven  millions  employed  in  general  manufac- 
ture, we  reach  our  grand  total  of  nearly  thirty- 
eight  million  soldiers  of  industry. 

The  big  spirit,  truly  American,  that  led  this 
army  from  the  paths  of  peace  into  paths  of 
war  is  a  National  asset  that  must  never  be 
forgotten.  Any  government  action  would 
have  been  sterile  without  the  hearty  co-opera- 
tion of  the  great  captains  of  industry  and  the 
great  army  of  workers  who  put  their  shoulders 


to  the  wheel  and  did  the  job  irrespective  of 
party,  creed,  or  any  other  affiliations.  The 
large  organizations  of  industry  in  America, 
sometimes  called  trusts,  proved  their  national 
value  when  the  great  crisis  hung  over  the 
country. 

It  would  be  absolutely  impossible  to 
recite  the  accompHshments  of  organized 
industry  during  this  trying  period — it  is 
altogether  too  fabulously  great — but  it  seems 
profitable  as  well  as  interesting  to  try  to 
point  out  what  one  great  American  corpora- 
tion did  as  its  share  in  the  great  National 
undertaking  and  leave  it  to  the  imagination 
of  the  reader  to  draw  his  own  deductions  of 
the  burdens  that  were  shouldered  by  the 
great  corporations  throughout  the  country. 
Accordingly,  in  this  and  subsequent  issues  of 
the  Review  we  shall  attempt  to  outline  some 
of  the  work  that  the  General  Electric  Com- 
pany did  to  help  win  the  war. — J.  R.  H. 


Third  Liberty  Loan  Parade,  Schenectady  Works.      "A  Tank  to  the  Attack" 
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The  General  Electric  Company  in   the 
Great  World  War 

By  JdllN    R.   HiiWETT 

Editor  {"iknkkai,  Elkctkic  Rkvikw 

ll  is  ililliiull  til  K>vt'  i>ur  nailors  anvUiiriK  like  an  adequate  idea  of  the  work  done  by  the  General  Electric 
Company  during  Iho  great  world  war.  "However,  the  present  artiele  is  the  first  of  a  series  in  which  we  shall 
attempt  to  ovitlinc  the  Company's  war  activities.  This  lirst  installment  tells  of  some  of  the  Company's  activ- 
ities in  directions  other  than  research  and  manufacture,  and  will  perhaps  be  of  less  interest  to  a  large  class  of 
our  readers  than  some  of  the  other  installments.  In  subsequent  issues  we  shall  deal  with  the  research  work, 
including  submarine  detection,  X-rav  work,  radio,  electric  welding  and  other  research  work.  FoUrjwing  this, 
the  enormous  amount  of  work  that  the  Company  did  in  building  cargo  boat  equipment  for  the  Emergency 
Fleet  Corporation  and  other  ship-propulsion  equipment,  will  be  told.  The  huge  gun-shrinking  and  electric 
heat-treating  furnaces,  and  the  work  done  on  searchlights,  will  then  be  dealt  with.  The  last  installments  will 
cover  "Other  War  Work,"  and  will  tell  of  some  of  the  Company's  activities  in  helping  the  industries  of  the 
country  to  "do  their  bit."  The  text  and  illustrations  of  this  installment  refer  principally  to  the  Schenectady 
Works,  but  similar  activities  transpired  at  the  other  factories  of  the  Company. — Editor. 


The  valtie  of  the  large  industinal  corporation 
as  a  national  asset,  during  times  of  both  peace 
and  war,  is  seldom  recognized.  Is  it  not  the 
large  organized  industries  that  have  given 
America  her  prosperity  in  peace  and  her 
protection  in  war? 

When  America  declared  war  on  Germany 
in  April,  1H17,  Mr.  E.  W.  Rice,  Jr.,  President 
of  the  General  Electric  Company,  immedi- 
ately -nared  to  President  Wilson  offering  the 
entire  facilities  of  the  Company  to  the 
Government  for  the  prosecution  of  the  war. 
There  were  many  other  Captains  in  the  great 
industrial  army  of  the  United  States  who  took 
similar  action,  and  thus,  as  if  by  magic,  the 
country's  enormous  resources  were  turned 
from  the  pursuit  of  peace  to  the  sterner  duty 
of  helping  to  win  the  great  world  war. 

This  single  telegram  from  IMr.  Rice  put  at 
the  disposal  of  the  Government  an  army  of 
over  60,000  workers  and  enlisted  in  their 
ranks  were  some  of  the  most  highh'  trained 
experts  in  the  world.  It  gave  the  Govern- 
ment over  fifty  factories  throughout  the 
country  with  a  combined  floor  space  of  over 
15,000,000  square  feet  for  the  production  of 
war  material. 

The  amount  and  variety  of  war  work  done 
by  the  Company  defies  anything  like  a  com- 
plete description,  so  we  shall  attempt  to  de- 
scribe only  a  few  of  the  more  notable  examples. 
Some  small  appreciation  of  the  extent  of  this 
work  can  be  gathered  from  the  fact  that,  at 
the  time  the  armistice  was  signed,  the  Com- 
pany had  approximately  19,000,000  square 
feet  of  floor  space  and  were  employing  an 
army  of  over  05,600  men.  To  put  this  in 
terms  of  other  values  it  may  be  stated  that  in 
September,  1918,  the  Company  was  doing 
business  at  the  rate  of  $255,880,000  per  year 
and  that  95  per  cent,  of  this  vast  production 
was  either  directlv  or  indirectly  war  work. 


What  the  Company  was  able  to  do  toward 
helping  to  win  the  war  was  by  no  means 
confined  to  manufacture.  The  full  resources 
of  the  Com])any  were  at  the  disposal  of  the 
Government  and  certainly  one  of  their  great- 
est resources  was  their  men.  These  were  lent 
freely  to  help  in  any  capacity  where   the  call 
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Fig.  1.     A  Certificate 

was  urgent.  Some  of  the  highest  officials  of 
the  Company  spent  many  months  in  helping 
the  Government  Departments  at  Washington, 
and  the  service  of  our  scientists,  engineers  and 
experts  were  lent  in  such  various  localities  and 
for  such  a  variety  of  work  that  it  is  impracti- 
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cable  to  record  them.  The  expert  knowledge 
and  advice  of  these  men  was  called  on  freely 
by  the  Government  and  was  given  freely  by 
the  Company.  A  large  number  of  the  Com- 
pany's experts  served  on  Government  com- 
mittees; but  this  phase  of  the  Company's  con- 
tributions is  so  widespread  that  an  account  of 
it  would  soon  become  tedious  to  read. 

The  Company's  research  facilities,  which 
are  unequaled  by  any  single  organization  in 
the  country,  were  devoted  entirely  to  the 
solution  of  war  problems,  all  their  scientists 
and  technical  experts  immediately  devoting 
their  entire  energies  to  such  special  war  prob- 


aggresive  aid  of  the  Company;  they  had  their 
own  problems  to  face,  but  the  officials  and 
others  were  never  too  busy  to  help  in  the 
broader  scope  of  national  activities.  A  great 
deal  of  good  work  was  done  in  putting  the 
issues  of  the  war  before  the  personnel  in  the 
offices  and  shops  by  inviting  men  of  national 
and  international  reputation  to  address  the 
men  and  show  them  how  their  interests  were 
truly  at  stake. 

The  following  paragraphs  will  give  the 
reader  some  general  idea  of  a  few  of  the  vari- 
ous ways,  other  than  in  manufacture  and 
research,  that  the  Company  and  its  employees 


Fis.  2.      Ambulance  Presented  to  Base  Hospital  No.  33  by  Schenectady  Employees  of  General  Electric  Company 


lems  as  submarine  detection.  X-ray  outfits  for 
army  surgical  service,  the  fixation  of  nitrogen, 
wireless  telegraph  and  telephone  outfits,  and 
the  finding  of  war  substitutes  for  materials 
which  conditions  made  it  hard  or  impossible 
to  procure. 

The  assemblage  of  so  large  a  number  of 
men  in  one  organization  and  the  spirit  which 
controlled  it  enabled  the  Company  to  render 
conspicuously  useful  service  to  the  Govern- 
ment in  such  matters  as  filling  important 
Government  positions  with  suitable  men, 
assisting  the  Government's  Agent  in  such 
matters  as  the  Selective  Draft,  Liberty  Bond 
Campaigns  and  the  Red  Cross  Drives.  In 
fact,  every  national  activity  that  was  designed 
to  help  win  the  war  received  the  active  and 


helped  the  Government  to  carrj'  out  its  many- 
sided  war  program. 

The  Selective  Service  Law  passed  by  Con- 
gress required  the  registration  of  all  men  be- 
tween the  ages  of  IS  and  45  for  military  service 
and  each  registrant  was  required  to  file  a  ques- 
tionnaire with  his  Local  Board.  The  Company 
appointed  a  special  committee,  which  repre- 
sented every  entity  in  its  organization,  to  de- 
termine which  of  its  employees  were  necessary 
to  carry  on  its  war  work  and  which  could  be 
spared,  or  for  whom  substitutes  could  be  found. 
Most  of  the  men  were  required  in  the  industry; 
therefore  all  applicants  were  classified  accord- 
ing to  whether  they  were  essential  to  the  work 
to  be  performed,  their  training,  and  their 
experience.     The  work  of  classification  was 
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carried  out  by  Associate  Legal  Advisory 
Boanis  which  were  orj^anizod  by  the  Com- 
pany's Industrial  vScrvice  Depariment.  The 
members  of  these  Boards  assisted  each 
rejjistrant  in  niakinjj  out  the  industrial  section 
of  his  queslioimaire  and  in  the  completion  of 
the  necessary  atlidavits.  It  is  inlerestinj^  to 
note  that  in  one  of  the  Company's  ])lants 
alone  12,()()U  of  the  emijloyees  rej^istered  for 
military  service,  and  about  7U()()  question- 
naires were  investigated.  Also  that  25")2  of 
these  registrants  received  deferred  classifica- 
tion. But  it  should  also  be  noted  that  the 
Company  only  claimed  deferred  classification 
for  2700  of  the  employees  in  this  plant. 

The  Company  co-operated  with  the  Local 
and  Industrial  Boards  in  every  way  possible, 
and  it  is  gratifx-ing  to  state  that  the  methods 


military  service.  All  such  men  were  assigned 
definitely  to  Naval  and  Kmcrgency  Fleet 
contracts  by  the  Navy  Department  upon 
application  being  made  by  the  Company 
through  the  resident  Naval  Inspector.  The 
draft  law  was  rigidly  enforced  by  the  Govern- 
ment and  obeyed  by  the  Company,  but  the 
sjiirit  of  confidence  and  mutual  trust  which 
existed  between  the  Government  and  the 
Company  is  shown  well  by  the  fact  that  only 
two  applications  were  made,  which  included 
27G  of  the  Company's  employees,  and  that  this 
Emergency  Fleet  classification  was  granted  to 
every  man  on  the  list.  Can  the  reader  appre- 
ciate what  endless  confusion  and  hindrance  to 
work  such  co-operation  avoided? 

Industrial  furloughs  were  granted  in  a  few 
exceptional  cases  where  highly  skilled  classes 


Fig.  5-     Secretary  of  the  Navy  Daniels  Awaiting  to  be  Introduced  to  Employees  of  the  Schenectady  Works 


worked  out  by  the  Company  and  the  way  in 
which  they  handled  this  arduous  duty  was 
spoken  of  most  highly  by  Government 
officials.  Indeed,  in  one  instance  the  Com- 
pany's work  in  this  direction  was  held  up  as 
an  example  to  other  industries. 

The  "Emergency  Fleet  Classification"  was 
particularly  helpful  in  the  fulfillment  of 
Government  contracts.  Registrants  under 
the  Selective  Serxice  Registration  who  were 
classified  as  being  in  classes  1,  2  and  3,  and 
who  were  particularly  skillful  in  mechanical 
or  technical  operations  could  be  inducted  into 
military  service  irrespective  of  their  order  of 
service.  But  any  registrant  who  was  em- 
ployed on  contracts  for  the  Navy  Depart- 
ment or  for  the  Emergency  Fleet  Corporation 
could  be  granted  Emergency  Fleet  classifica- 
tion which  prevented  their  being  called  for 


of  labor  had  been  drafted.  In  such  cases 
application  was  made  to  the  Na^'^'  Depart- 
ment through  the  resident  Naval  Inspector. 
It  reflects  credit  on  all  those  responsible  for 
the  vast  amount  of  work  this  registration  and 
classification  involved,  to  tell  that  the  Com- 
pany made  only  four  requests  for  the  retiu^n  of 
pre\-ious  employees,  all  of  which  were  granted 
by  the  Na\-%-  Department. 

The  Industrial  Service  Department  waskept 
busy  all  through  these  trying  times,  as  the 
organization  work  necessary  in  changing  an 
army  of  so  many  thousand  workers  from  a 
peace  to  a  war  basis  entailed  an  enormous 
amount  of  work,  which  is  often  lost  sight  of 
amid  some  of  the  more  spectacular  undertak- 
ings. By  virtue  of  the  President's  proclama- 
tion all  German  aliens  were  required  to  carry 
a  permit  to  continue  work  and  to  come  within 
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one  half  mile  of  the  Company's  plant  during 
the  period  of  the  war.  Therefore,  all  alien 
Germans  employed  by  the  Company  were 
required  to  register  in  the  Industrial  Service 
Department,  giving  their  name,  address,  check 
number,  occupation,  department  employed 
in,  length  of  service  with  the  Company,  and 
stating  whether  he  was  a  declarant.  Applica- 
tions were  then  made  for  Government  permits 
for  each  alien  enemy.  All  this  classification 
work  was  carried  out  in  conjunction  with  the 
Department  of  Justice  and  the  United  States 
Marshall. 

■  All  non-English  speaking  minors  between 
the  ages  of  16  and  21  were,  by  law,  required 


Another  task  that  fell  to  the  lot  of  the 
Industrial  Service  Department  was  the  regis- 
tration of  all  boys  between  the  ages  of  16 
and  18  for  military  drill  in  accordance  with 
the  military  training  law.  Under  certain 
conditions  of  employment  boys  could  be 
exempted  from  drill  and  in  order  that  the 
Military  Training  Commission  could  decide 
which  should  be  excused,  two  Field  Secre- 
taries of  the  Commission  visited  the  Works. 
This  training  proved  to  be  most  beneficial  to 
the  boys,  improving  their  general  makeup 
and  attitude  toward  life;  in  fact,  it  showed 
every  promise  of  making  better  American 
citizens. 


Fig.  6.      Third  Liberty  Loan  Parade,  Schenectady  Works 


to  attend  school  until  they  had  acquired  the 
intelligence  of  a  fifth  grade  grammar  stu- 
dent. In  order  to  detennine  which  of  the 
Company's  employees  should  attend  evening 
school  it  was  necessary  for  them  to  pass  an 
examination  furnished  by  the  City  Board  of 
Education.  Thousands'  of  employees  were 
interviewed  and  many  examined  and  classi- 
fied. But  a  small  percentage  of  those  exam- 
ined failed  to  pass  and  were  therefore  required 
to  attend  classes  furnished  by  the  City 
Board  of  Education.  This  is  but  one  phase  of 
"Americanization  Work,"  of  which  so  much 
was  done  during  the  war  and  which  will  be 
continued  after  the  war. 


During  the  war  emergency  the  Company 
made  a  comprehensive  survey  of  "Women 
in  Industry,  "  which  resulted  in  the  conclusion 
being  reached  that  it  was  not  ad\asable  to 
employ  women  on  as  large  a  scale  as  many 
concerns  were  doing.  Only  on  a  few  occasions 
did  the  Company  employ  women  on  occupa- 
tions previously  performed  by  men. 

Unfortunately,  there  was  an  entirely  dif- 
ferent class  of  activity  which  made  calls  on 
the  energies  of  the  Industrial  Service  Depart- 
ment— a  watchful  eye  had  constantly  to  be 
kept  to  avoid  anti-military  activities,  desert- 
ers, draft  evaders,  and  propagandists.  The 
Company  did  much  work  in  these  directions 
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wliii'li   was  111'    mihli   ln'iK'tit    to  \hv  (idvcni- 
iiKMil  iiiul  to  tin-  foiinlry  as  a  whok-. 

Tlu'  atUi-niilitar>'  acli\-itics  \\lii(.'li  liati  to 
he  guarded  a^'ainst  won."  larjji'ly  the  spreading; 
of  false  rumors,  the  pulling  o{  j^Tound  j,'lass 
in  food,  and  small  endeavors  lo  ohstrucl  the 
liroduclion  of  imjiorlanl  military  necessities. 
Such  activities  were  under  the  f^uidin^  hand 
of  enemy  sympathizers,  if  not  agents.  The 
Company  rendered  considerable  assistance 
lo  the  autliorities  in  connection  with  <lcscr- 


hending  deserters  from  the  slates  (A  Washinjj- 
lon,  i\ew  Mexico,  Arizona,  Alal)ama,  (ieorjjia, 
Louisiana,  New  Hami)shire,  Maine,  Massa- 
ciuisetls.  South  Carolina,  and  New  York. 

'I'o  turn  to  a  dilTerent  class  of  activity  which 
was  undertaken  by  the  Comjiany  to  assist 
the  War  Dejjarlment,  the  Industrial  Service 
De|)artment  did  a  considerable  amount  of 
work  in  assisting  "The  Committee  on 
Classification  of  Personnel  in  the  Army," 
whose  fuiKtion  was  lo  standardize  industrial 


Fig.  7.     Mass  Meeting  of  Employees  at  the  Schenectady  Works  During  the  Visit  of  English  Labor  Delegate 


tions  and  draft  evasions.  Each  man  applying 
for  employment  was  asked  for  his  classifica- 
tion card  and  if  this  card  could  not  be  pro- 
duced he  was  held  until  the  United  States 
Commissioner  could  be  infoimed  as  to  his 
status.  A  number  of  delinquents  were  ap- 
prehended. Records  of  deserters  were  posted 
by  the  Draft  Boards  and  also  from  lists 
received  by  the  Adjutant  General  of  the  State 
of  New  York  showing  deserters  from  various 
parts  of  the  country.  The  Industrial  Service 
Department    rendered    assistance    in    appre- 


occupations  and  de\'ise  ke^'  questions  to 
determine  a  man's  ability  in  his  occupation. 
This  Committee  developed  various  methods 
of  testing  the  trade  knowledge,  skill,  and 
general  intelligence  of  men  who  were  drafted 
into  the  army. 

In  August,  1918,  the  United  States  Employ- 
ment vSer\4ce  opened  an  office  in  Schenectad}^ 
and  the  Company  gave  considerable  assistance 
in  the  organization  and  starting  of  this  work 
and  close  co-operation  has  been  maintained  at 
all  times.    The  purpose  of  this  ser\-ice  was  to 
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act  as  a  clearing-house  for  labor,  and,  as  a  war 
emergency  to  try  to  remedA'  an  unequal  distri- 
bution of  labor  throughout  the  country ,  as  well 
as  to  switch  labor  for  non-essential  occupations 
to  essential  war  work.  Since  the  war  this  serv- 
ice has  assisted  in  sending  discharged  soldiers 
back  to  their  Original  employment. 

To  turn  again  to  an  entirely  different  class 
of  work :  what  the  Company  did  in  connection 
with  war  gardens,  which  were  so  essential 
throughout  the  country  to  relieve  the  food 


working  of  all  the  gardens.  Approximately 
1000  gardens  were  cultivated  each  year  and  a 
large  amount  of  corn,  potatoes,  cabbage,  car- 
rots, tomatoes,  beans  and  onions  were  raised. 
The  reader  will  naturally  be  interested  to 
know  the  number  of  men  who  left  the  Com- 
pany to  serve  their  country  in  the  army. 
From  the  Schenectady  Works  alone,  over 
3200  men  entered  the  service,  and  the  num- 
ber of  the  entire  organization  mounted  up  to 
8329.    Already  1074  men  have  returned  to  the 


Fig.  8.      Official  War  Service 

situation,  should  be  mentioned.  To  help  in 
this  good  work,  during  the  last  two  years  the 
Company  at  the  Schenectady  Works  made 
available  for  gardening  purposes  the  land 
between  the  old  Erie  Canal  and  the  Alohawk 
River.  This  land  was  plowed,  harrowed, 
and  staked  off  in  lots  75  feet  by  25  feet  wide. 
Application  for  these  garden  lots  was  made 
by  employees  of  the  Company  and  the  gardens 
were  assigned  in  the  order  of  application. 
Rules  were  drawn  up   to  secure  a  uniform 


>rd  of  the  Schenectady  Works 

Schenectady  Works,  and  23 1 0  have  rerutned  to 
the  Company's  employ  throughout  the  organ- 
ization. Thirty-five  of  the  Company's  em- 
ployees from  Schenectady  and  97  from  the  en- 
tire organization  gave  their  lives  in  the  service 
of  their  country  during  the  great  World  War. 
The  Company  has  issued  definite  instruc- 
tions to  the  heads  of  all  departments  concern- 
ing rehabilitation  of  men  returning  from  serv- 
ice. Every  man  who  served  his  country  and 
receives  an  honorable  discharge  from  the  armv 
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will  l>r  ii'-rm])l(iyi(l  in  liis  former  work  if 
possible,  and  if  not  will  receive  eiTii)loymenl 
with  the  C'onipany  at  llie  current  rate  for  the 
class  of  work  he  is  i)erfomiin)^.  The  Comijany 
has  gone  to  considerable  trouble  in  arranf^njj 
for  the  cmi)loymenl  of  disabled  soldiers  and 
sailors,  havinj^  made  out  a  rehabilitation 
questionnaire  and  circulated  it  to  the  super- 


intendents and  department  heads,  but  wc 
are  j^lad  tr)  say  that  up  to  the  present  time 
we  have  learned  of  only  one  or  two  cases  of 
former  employees  beinj,'  disabled. 

The  Comjiany  tried  to  keep  track  of  each 
man  in  service  all  the  time,  and  at  Christmas 
each  received  a  Christmas  card  from  the 
President  of  the  Company. 


Fig.  9.     Third  Liberty  Loan,  Official  Record,  Schenectady  Works 
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LIBERTY  LOANS 

The  raising  of  Government  Loans  was  a 
vital  national  undertaking  upon  which  the 
Government's  war  program  depended.  The 
organized  industries  of  the  country  did  dis- 
tinguished service  in  this  connection  and  the 
officials  and  employees  of  the  Company 
spared  no  pains  to  stimulate  the  energy  of 
local  organizations  in  the  various  plants  to 
facilitate  everyone  doing  his  bit. 


These  activities  came  under  the  auspices 
of  the  Welfare  Department;  the  table  on 
page  504  gives  the  statistical  data  of  the 
results  achieved,  which  should  be  gratify- 
ing to  those  loyal  workers  whose  patri- 
otic efforts  led  to  such  notable  accom- 
plishments. Quite  an  interesting  story 
could  be  written  of  these  activities,  but 
we  must  confine  our  remarks  to  a  few 
paragraphs. 


TheCREATEST  MOTHERIScWORLD 
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Employees 
"^ND  Campaign 

Quota 

3100,000. 


GIFT 


Fig.  10.     Official  Record  of  Second  Red  Cross  War  Fund  Campaign,  Schenectady  Works 
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W'lun  the  (lOveninK'iU  issuetl  its  first  call 
til  the  rouiUry  to  iiuy  Liberty  Bimds  both  the 
ollieials  aiul  emjiloyees  of  the  Coin|)any  took 
activ'e  steps  to  form  a  campaign  orKanizali(jn. 
A  committee  of  (iOO  was  fonned  to  canvass 
the  Sehenectaih'  shops.  The  (|uota  for  the 
Schenectady  Works  was  $1, ((()(), (UK)  and  this 
was  oversubscribed.  It  is  interesting  to  note 
that  the  fomi  of  organization  and  the  sales 
metluuls  employetl  were  widely  adopted  by 


this  Committee  embraced  all  Liberty  Loan 
C'ami)aigns,  War  Relief  Work,  and  throuRh 
its  sub-committees,  Deijartmenlal  Associa- 
tions were  formcfl  to  look  after  the  interests 
of  soldiers  anfl  sailors. 

An  interesting  incident  occurred  at  the 
Schenectady  Works  on  October  .">,  I!>17,  at 
the  completion  of  the  Second  Liberty  Loan 
Campaign,  which  should  be  recorded.  Per- 
hajjs  up  to  this  date  there  had  not  been  a 


I 


Fig.  11.     Roll  of  Ho 


Schenectady  Works 


Others  and  became  a  model  for  subsequent 
campaigns;  indeed,  the  Compam-'s  methods 
proved  so  effective  that  they  were  adopted 
by  the  War  Council  and  issued  to  the  country 
at  large  when  it  was  proposed  to  raise  SlOO,- 
000,000  for  the  American  Red  Cross.  When 
the  Second  Liberty  Loan  had  to  be  raised  the 
Committee  of  600  was  expanded  to  the 
"Committee  of  One  Thousand."  b}^  which 
name  it  has  since  been  known.    The  scope  of 


sufficient  realization  in  the  public  mind  of 
each  indiWdual's  personal  responsibility  to 
take  his  share  in  the  war.  but  the  employees 
of  the  Schenectady  Works  certainly  declared 
war  on  this  date.  This  declaration  was  an 
interesting  example  of  crowd  psychology*, 
as  it  was  just  as  unexpected  as  it  was  spec- 
tacular. The  Committee  of  One  Thousand 
was  announcing  the  final  results  of  their 
Second    Liberty    Loan    Campaign   from    the 
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bandstand — $1,000,000  was  asked  and  a 
million  and  a  half  had  been  subscribed.  The 
enthusiasm  of  the  employees  knew  no  bounds ; 
an  enormous  parade  formed  spontaneously; 
banners  appeared  as  if  bj'  magic;  and  a 
celebration  such  as  has  seldom  been  seen 
before  began.  In  an  increditably  short  time 
the  whole  Schenectady  Works  was  in  line  to 
march,,  and  when  the  noon  whistle  blew  to 
return  to  the  shops  the  workers  were  passing 
out  of  the  main  gate  on  their  way  to  parade 
the  city.  Protests  were  unavailing,  work  was 
entirely  forgotten,  and  with  a  patriotic 
enthusiam  this  parade  carried  a  war  message 
to  the  city  of  Schenectady  such  as  few  cities 
have  ever  received.  After  two  hours,  in 
which  the  orderly  formation  of  the  parade 
was  never  broken  for  a  minute,  the  marchers 
returned  to  work  and  took  up  their  jobs  as  if 
nothing  unusual  had  happened.  Mr.  G.  E. 
Emmons,  Vice-President  of  the  Company,  in 
charge  of  manufacturing,  said:  "This  is  the 
first  time  in  my  manufacturing  experience 
of  one  quarter  of  a  century  that  I  have  ever 
seen  with  any  pleasure  the  men  leav^e  their 
work  during  shop  hours." 

The  effect  of  this  demonstration  upon  the 
employees  themselves  and  upon  the  city  was 
very  pronounced.  All  later  work  was  easier. 
It  had  often  been  said  that  the  war  would 
be  won  in  the  work  shops  of  the  world,  and 
this  demonstration  certainly  did  its  mite  in 
the  fulfillment  of  this  prophecy. 

During  the  Third  Liberty  Loan  Campaign 
history  repeated  itself  in  the  high  percentage 
of  employees  subscribing.  For  the  Fourth 
Liberty  Loan  all  previous  records  were 
eclipsed  when  the  23,000  employees  of  the 
Schenectadv  Works  subscribed  two  and  one 
half  milHon  dollars.  Up  to  May,  1919,  at  the 
conclusion  of  the  Victory  Liberty  Loan 
Campaign  the  employees  of  the  General 
Electric  Company  had  invested  over  $21,250,- 
000  in  Government  Bonds;  255,128  separate 
subscriptions  had  been  made  in  a  group  of 
about  70,000  industrial  workers.  To  this 
good  record  must  also  be  added  what  these 
same  workers  did  in  the  many  other  phases 
of  war  relief  work.  The  Schenectady  workers 
alone  contributed  to  such  organizations  as  the 
Red  Cross,  United  War.  Work  campaign  and 
to  others  gifts  totaling  $350,000. 

These  figures  show  better  than  any  long- 
winded  argument  the  spirit  of  the  shop.  The 
spirit  of  the  office  and  the  spirits  of  the  shops 
was  the  same — put  your  shoulder  to  the  wheel 
and  do  whatever  job  Uncle  Sam  wants  of  you 
— do  it  quickly — do  it  well. 
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The  Arrangement  of  Electrons  in  Atoms  and 

Molecules* 


Part  I 

n>-  Ikvinc;  Lancmcir 

RkSUARCH   LAHOKATOKY,  GlvNF.RAl-  Ei.ECTRIC  COMPANY 

In  tho  following  article  the  author  has  set  forth  a  new  theory  of  atomic  structure  which  has  received  a 
great  deal  of  appreciation  from  scientists  in  this  country.  The  main  assumption  in  this  theory  is  that  the 
electrons  are  stationary  and  situated  in  concentrated  shells.  By  means  of  this  theory  the  writer  found  that 
it  is  possible  to  explain  the  jjeriodic  properties  of  the  elements,  and  also  succeeded  in  evolving  a  new  view  of 
valency  whicli  bids  fair  to  replace  all  the  older  views  on  this  subject. — Editor. 


The  problem  of  tlie  structure  of  atoms  has 
been  attacked  maitily  by  physicists  who  have 
given  little  consideration  to  the  chemical 
properties  which  must  ultimately  be  explained 
by  a  theory  of  atomic  structure.  The  vast 
store  of  knowledge  of  chemical  properties  and 
relationships,  such  as  is  summarized  by  the 
Periodic  Table,  should  serve  as  a  better 
foundation  for  a  theory  of  atomic  structure 
than  the  relatively  meager  experimental  data 
along  purely  physical  lines. 

Kosself  and  LewisJ  have  had  marked  suc- 
cess in  attacking  the  problem  in  this  way.  The 
present  paper  aims  to  develop  and  somewhat 
modify  these  theories.  Lewis,  rejecting  the 
physical  data,  as  being  insufficient  or  iiicon- 
clusive,  reasons  from  chemical  facts  that  the 
electrons  in  atorns  are  normally  stationary  in 
position.  These  electrons  arrange  themselves 
in  a  series  of  concentric  shells,  the  first  shell 
containing  two  electrons,  while  all  other 
shells  tend  to  hold  eight.  The  outermost 
shell,  however,  may  hold  two,  four  or  six, 
instead  of  eight.  The  eight  electrons  in  a 
shell  are  supposed  to  be  placed  symmetrically 
at  the  corners  of  a  cube  or  in  pairs  at  the 
corners  of  a  regular  tetrahedron.  When 
.atoms  combine  they  usually  hold  some  of 
their  outer  electrons  in  common,  two  elec- 
trons being  thus  held  for  each  chemical  bond. 
These  electrons  may  form  parts  of  both 
atomic  shells  of  eight  electrons.  By  meatis 
of  these  postulates  Lewis  is  able  to  give  an 
extraordinarily  satisfactory  explanation  of  the 
periodic  arrangement  of  the  elernents  and  to 
explain  in  detail  most  of  their  chemical 
properties.  He  confines  his  attention,  how- 
ever, exclusively  to  the  inert  gases,  the  alkali 
and  the  alkaline  earth  metals,  the  halogens, 

*  Published  simultaneously  in  the  Journal  of  the  American 
Chemical  Society.  J,l.  868  fl919). 

t  N.  Kossel.  Amer.  Physik.,  J,9.  229  (1916). 

t  G.  N.  Lewis.  Jour.  Amer.  Chem.  Soc,  38.  762  (1916). 


5,  Al  Sc,  C,  Si,  N,  P,  As,  Sb,  Bi,  0,  S,  Se 
and  Te — a  total  of  35  out  of  the  88  known 
elements.  The  theory  in  its  present  form 
does  not  applj^  at  all  satisfactorily  to  any  of 
the  other  elements. 

Kossel's  theory  has  many  points  of  simi- 
larity. He  conceives  of  the  electrons  as 
located  in  a  plane  in  concentric  rings,  rotating 
in  orbits  about  the  nucleus.  Certain  arrange- 
ments, corresponding  to  those  of  the  inert 
gases,  are  supposed  to  be  of  unusual  stability 
and  all  the  other  atoms,  in  forming  compounds 
tend  to  give  up  or  take  up  electrons  so  that 
their  electrons  may  become  arranged  like 
those  of  the  inert  gases.  Kossel  considers 
only  the  elements  up  to  cerium,  a  total  of  57. 
His  theory  does  not  satisfactorily  account  for 
the  properties  of  the  elements  from  V  to  Zn 
or  from  Cb  to  Ag  and  is  only  partially  satis- 
factory for  any  of  the  elements  above  V. 
In  other  words,  its  main  success  is  limited  to 
the  first  23  elements.  The  theory  does  not 
lend  itself  nearly  as  well  as  that  of  Lewis  to 
the  detailed  explanation  of  the  properties  of 
elements  and  their  compounds. 

A  rather  thorough  review  and  discussion 
of  these  and  other  recent  theories  of  atomic 
structure  has  been  published  by  S.  Dushman 
(General  Electric  Review,  20,  186,  397, 
1917). 

There  is  much  chemical  e^ddence,  especially 
in  the  field  of  stereochemistr}-,  that  the  pri- 
mary valence  forces  between  atoms  act  in 
directions  nearly  fixed  with  respect  to  each 
other.  This  can  only  be  satisfactorily  ac- 
counted for  and  explained  by  electrons  ar- 
ranged in  three  dimensions. 

Kossel  attempts  to  explain  the  tetrahedral 
arrangement  of  the  carbon  valences  by 
arguing  that  four  spheres  drawn  in  by  strong 
forces  towards  a  central  atom  must  arrange 
themselves  as  a  tetrahedron  and  that  if  the 
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forces  are  great  enough  they  will  not  be  able 
to  shift  their  positions.  It  is  evident  that 
even  this  structure  would  not  have  the 
reqiusite  symmetry  for  the  carbon  atom, 
when  the  plane  of  the  electron  orbit  is  taken 
into  account.  But  there  is,  moreover,  con- 
clusive evidence,  even  when  carbon  atoms  are 
surrounded  by  less  than  four  other  atoms, 
that  the  forces  act  in  definite  directions.  For 
example,  if  wood  is  carbonized  under  certain 
conditions  a  charcoal  is  obtained  having 
about  the  same  volume  as  the  wood.  This  is 
notably  true  when  such  a  substance  as  finely 
divided  WOs  is  reduced  in  very  dry  hydrogen. 
The  volumes  occupied  are  in  some  cases  20 
or  25  times  as  great  as  that  of  the  correspond- 
ing solid  in  crystalline  form.  The  whole 
behavior  of  such  bodies,  especially  in  regard 
to  the  sintering  at  higher  temperatures 
indicates  that  the  atoms  are  arranged  in 
branching  chains  in  which  most  atoms  are 
surrounded  by  only  two  or  three  others. 
Since  the  bodies  are  definitely  solid  it  must 
follow  that  the  atoms  are  not  able  to  shift 
their  relative  positions  except  when  acted 
on  by  strong  external  forces.  Such  structures 
are  inconceivable  if  atoms  contain  only 
electrons  revolving  in  orbits  about  their 
nuclei. 

Further  evidence  for  the  stationary  elec- 
trons has  been  obtained  by  Hull  who  finds 
that  the  intensities  of  the  lines  in  the  X-ray 
spectra  of  crystals  are  best  accounted  for 
on  the  theory  that  the  electrons  occupy 
definite  positions  in  the  crystal  lattice. 

In  attempting  to  determine  the  arrange- 
ment of  electrons  in  atoms  we  must  be  guided 
by  the  nimabers  of  electrons  which  make 
up  the  atoms  of  the  inert  gases;  in  other 
words,  by  the  atomic  numbers  of  these 
elements,  namely,  helium  two,  neon  10,  argon 
IS.  krypton  36,  xenon  54  and  niton  86. 

Rydberg*  has  pointed  out  that  these 
numbers  are  obtained  from  the  series 

The  factor  two  suggests  a  fundamental 
two-fold  symmetry  for  all  stable  atoms.  Bj- 
a  consideration  of  this  equation  and  prin- 
ciples of  symmetry  and  by  constant  checking 
against  the  Periodic  Table  and  the  specific 
properties  of  elements  I  have  been  led  to  the 
postulates  given  below.  Some  of  these  may 
seem  in  themselves  to  be  very  improbable 
and  will  undoubtedly  need  to  be  modified  as 

*Phil.  Mag.  SS.  144  (1914). 

fin  accordance  mth  Postulate  1,  it  is  probable  that  the  sur- 
faces of  the  shells  are  ellipsoids  of  revolution  rather  than  spheres. 
In  the  present  argument  this  distinction  is  immaterial. 


more  facts  are  acquired.  But  it  is  felt  that 
all  contain  a  fundamental  basis  of  truth  and 
that,  although  future  modifications  may 
make  them  take  rather  different  forms,  their 
application  in  predicting  properties  of  ele- 
ments will  not  be  greatly  altered. 

The  first  postulate  is  concerned  partic- 
ularly with  the  structure  of  the  stable  atoms 
of  the  inert  gases. 

Postulate  1.  The  electrons  in  the  atoms 
of  the  inert  gases  are  arranged  about 
the  nucleus  in  pairs  symmetrically 
placed  with  respect  to  a  plane  passing 
through  the  nucleus  which  we  may  call 
the  equatorial  plane.  The  atoms  are 
symmetrical  with  respect  to  a  polar 
axis  perpendicular  to  the  plane  and 
passing  through  the  nucleus.  They 
have  also  four  secondary  planes  of 
symmetry  passing  through  the  polar 
axis  and  making  angles  of  -±5  deg. 
with  each  other.  The  sjinmetry  thus 
corresponds  to  that  of  a  tetragonal 
crystal.  Since  the  electrons  must  occur 
in  pairs  symmetrical  to  the  equational 
plane  there  are  no  electrons  in  this 
plane. 

Postiilate  2.  The  electrons  in  the  atoms 
are  distributed  through  a  series  of  con- 
centric sphericalf  shells.  All  the  shells 
in  a  given  atom  are  of  equal  thickness. 
If  the  mean  of  the  inner  and  outer 
radii  be  considered  to  be  the  effective 
radius  of  the  shell  then  the  radii  of 
the  dift'erent  shells  stand  in  the  ratio 
1:2:3:4,  and  the  effective  surfaces  of 
the  shells  are  in  the  ratio  1 :2-:3-:4-. 

Postulate  3.  Each  spherical  shell  is  divided 
into  a  number  of  cellular  spaces  each  of 
which  may  contain  one  or  two  elec- 
trons. The  thickness  of  these  cells 
measured  in  a  radial  direction  is  equal 
to  the  thickness  of  the  shell  and  is 
therefore  the  same  (Postulate  2)  for 
all  the  cells  in  the  atom.  In  any  given 
atom  the  cells  occupy  equal  areas  in 
their  respective  shells.  All  the  cells  in 
an  atom  have  therefore  equal  volumes. 
The  first  postulate,  regarding  sym- 
metry, applies  also  to  the  location  of 
the  cells.  The  first '  shell  therefore 
contains  two  cells  obtained  by  di'vid- 
ing  the  shell  into  two  equal  parts  by 
the  equatorial  plane.  The  second  shell 
ha\'ing  four  times  the  surface  (Postu- 
late 2)  must  contain  eight  cells.  The 
third  shell  thus  contains  IS  while  the 
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fuurll)  contains  ;{2  cells.  Or  if  \vi' 
consider  only  one  hcmisi)Iierc  llic  iiuni- 
liiTs  in  llu-  successive  shells  are  I,  -i,  1) 
and  Mi. 
Postulate  4-  J'^ach  of  tlie  two  innermost 
cells  can  contain  only  one  electron* 
hnt  each  of  the  other  cells  is  ca]iable 
of  holdinj;  two.  There  can  be  no  elec- 
trons in  the  outside  shell  until  all  the 
inner  shells  contain  their  maximum 
numbers  of  electrons.  In  the  outside 
shell  two  electrons  can  occupy  a  single 
cell  only  when  all  other  cells  contain 
at  least  one  electron.  We  ma}'  assume 
that  two  electrons  occupying  the  same 
cell  are  at  different  distances  from  the 
nucleus.  Each  shell,  containing  its 
full  quota  of  electrons,  thus  consists 
of  two  "layers."  We  will  find  it 
convenient  to  refer  to  these  layers  of 
electrons  by  the  sjTnbols  I,  Ila,  lib, 
Ilia,  Illb  and  IVa  where  the  Roman 
nmiierals  denote  the  shell  containing 
the  layer.  Helium,  neon,  argon,  krypton 
or  xenon  contains  respectively  the  first 
1,  2,  3,  4  or  5  of  these  layers,  while 
niton  contains  all  six. 

The  two-fold  symmetry  assumed  in  postu- 
late 1  is  derived  from  the  factor  2  which 
occurs  in  Rydberg's  equation.  The  fotu--fold 
sjTTimetry  is  deri^'ed  from  the  remarkable 
niimerical  relation  brought  out  in  the  follow- 
ing table : 


I 

1 

1 

1 

0 

II 

2 

4 

0 

4 

in 

3 

9 

1 

8 

IV 

4 

16 

! 

0 

16 

Here  n  represents  the  number  of  cells  in 
one  of  the  hemispheres  of  the  shell.  If  this 
number  is  odd  one  of  the  cells  must  lie  along 
the  polar  axis;  all  other  cells  must  be  dis- 
tributed in  zones  about  this  axis. 

We  see  from  this  table  that  the  number  of 
cells  which  must  be  arranged  in  zones  is 
always  a  multiple  of  four.  We  can  therefore 
asstune  tetragonal  symmetry  for  the  atoms 
of  the  inert  gases. 

Postulates  2  and  3  ofTer  perhaps  the  simplest 
possible  explanation  of  the  occurrence  of  the 
terms  1,  2-,  3-  and  4",  in  Rvdberg's  relation. 


*  If.  as  Rydberg  believes,  there  are  two  undiscovered  elements 
of  atomic  weights  less  than  that  of  hydrogen,  then  this  exception 
in  the  case  of  the  innermost  cells  may  be  avoided. 


Tiiore  arc  anme  reasons  for  believinj;  that 
the  shells  close  to  the  nucleus  wfjuld  lie  closer 
together.  These  reasons  are  based  mainly 
on  the  assumption  that  Coulomb's  inverse 
sciuarc  law  holds  even  at  short  distances,  and 
for  this  assumiJlion  there  is  little  exi)erimenlal 
evidence,  excejit  in  the  case  of  forces  between 
two  positive  nuclei  (Rutherford's  scattering 
experiments).  It  is  probaljle  that  the  law  of 
force  is  quite  difTerent  for  electrons  bound  in 
an  atom  and  for  i)ositive  or  negative  particles 
passing  through  the  atom. 

The  assumption  of  the  existence  of  cells 
independent  of  the  electrons  in  them,  seems 
to  be  needed  to  account  for  the  properties 
of  elements  above  the  rare  earths.  It  is, 
however,  closely  related  to  Bohr's  assumption 
of  the  existence  of  stationary  states.  The 
passage  of  an  electron  from  one  cell  to 
another  probably  causes  the  emission  of  a 
spectnun  line.  It  should  be  noted  that  the 
numbers  1,  2-,  3-,  4-,  etc.,  also  occur  in  Bohr's 
theory  in  the  determination  of  the  location 
of  the  stationary  orbits.  It  is  probable  that 
a  common  explanation  will  be  found  for  both 
theories. 

Postulate  4  seems  necessary-  to  take  into 
account  that  the  terms  2-,  3'-,  etc.,  in  Ryd- 
berg's series  occur  twice.  It  seems  to  denote 
a  remarkable  tendency  like  that  suggested 
by  Postulate  1  for  the  electrons  to  form  pairs. 

From  the  steady  progression  in  the  prop- 
erties of  the  different  inert  gases,  however, 
we  must  conclude  that  the  two  electrons  in  a 
single  cell  do  not  exert  verj^  strong  forces  on 
each  other. 

The  first  four  postulates  give  us  a  definite 
concep^tion  of  the  arrangement  of  the  electrons 
in  the  atoms  of  the  inert  gases.  Heliimi  con- 
sists of  two  electrons  s}.Tnm.etricalIy  placed 
with  respect  to  the  nucleus.  This  same  pair 
exists  (as  Shell  I)  in  the  atoms  of  all  the  other 
inert  gases  and  determines  the  position  of  the 
polar  axis.  Neon  contains  a  second  shell 
(Ila)  containing  eight  electrons  arranged  at 
the  corners  of  two  squares  placed  s}Tiimet- 
rically  with  respect  to  the  equatorial  plane 
and  parallel  to  it.  These  positions  probably 
correspond  fairly  closely  to  the  corners  of  a 
cube,  but  the  efTect  of  the  two  electrons  in  the 
first  shell  should  be  to  shorten  the  cube  in 
the  direction  of  the  polar  axis.  Argon  is  just 
like  neon,  except  that  there  is  a  second  layer 
of  eight  electrons  (lib)  in  the  second  shell. 
The  two  inner  shells  of  krypton  are  like  the 
two  shells  of  argon,  but  in  addition  it  has  a 
third  shell  containing  IS  electrons.  Two  of 
these  electrons  are  located  at  the  ends  of  the 
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polar  axis  while  the  other  sixteen  are  placed 
symmetrically  to  the  axis  and  to  the  equa- 
torial plane  and  to  the  electrons  in  the  inner 
shells.  In  all  probability  four  of  the  eight 
electrons  in  each  hemisphere  are  located  in 
the  same  plane  as  those  in  the  second  shell, 
while  the  other  four  are  in  planes  making  an 
angle  of  45  deg.  with  these. 

Xenon  is  like  krypton  except  for  the 
addition  of  another  layer  (Illb)  of  electrons 
in  the  third  shell. 

Niton  has  in  addition  to  the  three  shells  of 
xenon  a  fourth  shell  containing  32  electrons, 
16  for  each  hemisphere.  We  have  no  data 
by  which  to  determine  the  exact  arrange- 
ment of  these,  but  it  is  obvious  that  the  16 
can  be  arranged  with  a  high  degree  of  sym- 
metry with  respect  to  the  underlying  layer 
of  eight  electrons  (in  each  hemisphere). 

The  following  postulate  deals  with  the 
forces  and  tendencies  which  govern  the 
arrangement  of  electrons  in  the  outside  layer 
of  atoms  other  than  those  of  the  inert  gases. 

Postulate  5.  It  is  assumed  that  electrons 
contained  in  the  same  cell  are  nearly 
without  effect  on  each  other.  But  the 
electrons  in  the  outside  layer  tend  to 
line  themselves  up  (in  a  radial  direc- 
tion) with  those  of  the  underlying 
shell,  because  of  a  magnetic  field, 
probably  always  to  be  associated  with 
electrons  bound  in  atoms  (Parson's 
magneton  theory.)  This  attraction 
may  be  more  or  less  counteracted  by 
the  electro-static  repulsion  between 
the  outside  electrons  and  those  in  the 
underlying  shell.  The  electrons  in  the 
ourside  layer  also  repel  each  other  and 
thus  tend  to  distribute  themselves 
among  the  available  cells  so  as  to  be 
as  far  apart  as  possible.  The  actual 
positions  of  equilibrium  depend  on  a 
balance  between  these  three  sets  of 
forces  together  with  the  attractive 
force  exerted  by  the  nucleus. 

Postulate  6.  When  the  number  of  electrons 
in  the  outside  layer  is  small,  the  mag- 
netic attraction  exerted  by  the  elec- 
trons of  the  inner  shells  tends  to  pre- 
dominate over  the  electrostatic  repul- 
sion, but  when  the  atomic  number  and 
the  number  of  electrons  in  the  outside 
layer  increase,  the  electrostatic  forces 
become  the  controlling  factor.  As  a 
result,  when  there  are  few  electrons 
in  the  outer  layer  these  arrange 
themselves  in  the  cells  over  those  of 


the  underlying  shell,  but  where  the 
outside  layer  begins  to  approach  its 
full  quota  of  electrons  the  cells  over 
the  underlying  electrons  tend  to  remain 
empty. 

Postulate  7.  The  properties  of  the  atoms 
are  determined  by  the  number  and 
arrangement  of  electrons  in  the  outside 
layer  and  the  ease  with  which  they  are 
able  to  revert  to  more  stable  forms  by 
giving  up  or  taking  up  electrons,  or  by 
sharing  their  outside  electrons  with  the 
atoms  with  which  they  combine.  The 
tendencies  to  revert  to  the  forms  rep- 
resented by  the  atoms  of  the  inert 
gases  are  the  strongest,  but  there  are  a 
few  other  forms  of  high  symmetry 
such  as  those  corresponding  to  certain 
possible  forms  of  Ni,  Pd,  Er  and  Pt 
atoms  towards  which  atoms  have  a 
weaker  tendency  to  revert  (by  giving 
up  electrons  only). 

We  may  now  apply  these  seven  postulates 
to  derive  the  properties  of  the  chemical 
elements.  We  will  first  go  through  the  list 
of  elements  dealing  only  with  broad  features 
and  will  later  consider  the  properties  of 
certain  elements  in  more  detail.  At  present 
we  will  confine  our  attention  to  the  properties 
of  the  elements  in  atomic  condition.  We 
shall  discuss  only  their  tendencies  to  take  up 
or  give  up  electrons.  The  properties  of  the 
elements  in  solid  or  liquid  form,  or  in  their 
compounds,  involve  forces  acting  between 
different  atoms,  and,  therefore,  can  be  best 
considered  after  we  have  discussed  the  forma- 
tion of  molecules.  The  properties  of  the 
atoms  up  to  argon  fit  in  well  with  even  the 
older  arrangements  of  the  periodic  table.  In 
fact,  the  present  theory  and  Lewis'  theory 
resemble  each  other  very  closely  as  far  as 
their  application  to  these  first  IS  elements  is 
concerned. 

Table  I  to  which  it  will  be  convenient  to 
refer  frequently  during  the  following  dis- 
cussion, contains  a  list  of  all  the  elements, 
arranged  in  order  of  their  atomic  numbers. 
The  table  is  designed  to  show  the  way  in 
which  the  electrons  are  arranged  in  the 
different  shells.  The  numbers  forming  the 
first  horizontal  line  denote  the  number  of 
electrons  in  the  outside  layer  of  the  atom. 
The  first  vertical  column  gives  the  index 
number  of  this  outside  layer.  Thus  boron 
has  three  electrons  in  the  I  la  layer,  chromium 
has  six  in  the  Ilia  laver. 
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Hydro^jcii  (A'=l)  has  u  si^^;le  clci'lrnii. 
It  is  lluTcfore  (Post.  1  and  7)  unsalurated  and 
lends  to  take  up  an  electron  in  order  to  assume 
tile  syinmetrieal  form  eliaraeleristieof  helium. 
The  valency  of  hydrogen  is  therefore  unity. 

With  helium  (A' =  2)  the  first  sliell  is  com- 
l)lctcd.  Beyond  this  point  any  additional 
electrons  must  j:;o  into  the  first  layer  of  the 
second  shell  (Ila).  There  arc  eij;ht  cells  in 
this  layer  (Postulate  ',i)  so  that  cijjht  electrons 
can  be  added  before  the  atoms  aj^ain  acquire 
the  stability  of  an  inert  gas.  In  lithium 
(A' =  3)  the  single  electron  in  the  second  shell 
is  easily  detached  so  that  the  atom  reverts 
to  the  stable  form  that  corresponds  to  helium, 
thus  forming  a  univalent  cation.  In  Fig.  I 
the  positive  and  negative  valences  of  the 
elements  are  plotted  against  their  atomic 
numbers.*  It  is  seen  that  up  to  A^=17  the 
maximum  positive  valency  increases  regularly 
up  to  the  halogens  (with  the  exception  of 
oxygen  and  fluorine).  This  maximum  valency 
is  determined  by  the  number  of  electrons 
which  are  given  up  when  the  atom  reverts  to 
that  of  the  next  lower  inert  gas. 

In  beryllium  and  boron  the  properties  are 
determined  largely  by  the  ability  of  the  atom 
to  revert  to  the  form  corresponding  to  heliimi. 
The  actual  arrangement  of  the  electrons  in 
the  atoms  of  these  elements  is  thus  of  little 
significance.  In  carbon  the  four  electrons  in 
the  second  shell  tend  to  arrange  themselves 
(Postulate  5)  at  the  corners  of  a  tetrahedron 
for  in  this  way  they  can  get  as  far  apart  as 
possible.  With  nitrogen  no  symmetrical 
arrangement  of  the  five  electrons  is  possible. 
We  shall  see  that  this  leads  nitrogen  to  form 
a  series  of  very  unusual  com_pounds.  Whereas 
the  properties  of  the  elements  from  lithium 
up  to  carbon  vary  in  a  rather  regular  progres- 
sion, the  properties  of  carbon  and  nitrogen 
form  a  very  sharp  discontinuity.  The  con- 
stant valency  of  carbon — the  variable  valency 
of  nitrogen ;  the  high  melting  point  of  carbon ; 
the  low  melting  point  of  nitrogen;  the  very 
great  inertness  and  stability  of  most  carbon 
com.pounds;  the  very  great  activity  and  often 
explosive  properties  of  nitrogen  compounds — 
all  these  illustrate  this  fundament  break  in 
properties.  We  shall  see  that  a  somewhat 
similar  break  occurs  in  each  case  where  the 
atom  becomes  equally  unsymmetrical.  namely, 
in  the  fifth  element  of  each  succeeding  shell, 
thus  the  breaks  occur  at  nitrogen  Ila,  phos- 
phorus (lib),  vanadium  (Ilia),  columbium 
(lllb),  praseodymium  (IVa). 

*  This  figure  is  taken  with  some  modifications  from  I.  W.  D. 
Hackh.     This  Journal,  40,  1024  (1918). 


FIRST  LONG  PERIOD 

lii\')nd  argon  we  soon  cotne  into  a  region 
where  most  jieriodic  relations  bejfin  to  fail. 
It  will  therefore  be  well  to  examine  the  iiresent 
theory  ratlier  critically. 

With  ]jotassium  we  begin  to  form  a  new 
shell — the  third.  There  are  now  cells  enough 
to  hold  nine  electrons  in  each  hemisphere. 
(Postulate  ;J.)  The  first  few  electrons  arrange 
themselves  in  much  the  same  way  as  in  the 
first  two  jieriods.  Thus  K,  Ca,  Sc  have 
projierties  clf)sely  related  to  those  of  Xa,  A/g 
and  .4/.  In  the  first  two  periods  the  prop- 
erties of  the  atoms  just  beyond  C  and  Si 
were  electronegative  in  character,  because 
their  atoms  tended  to  assume  the  stable  forms 
corresponding  to  \'e  and  Ar  by  taking  up 
electrons.  But  in  the  third  period  the  con- 
ditions are  quite  different.  Thus  in  the  atoms 
of  the  eighth  element  of  this  period,  Fe,  only 
four  out  of  the  nine  outside  cells  in  each 
hemisphere  contain  electrons.  This  atom 
therefore  does  not  have  the  stability  of  those 
of  the  inert  gases  and  there  is  thus  little 
tendency  for  the  elements  of  lower  atomic 
niunber  to  take  up  electrons.  The  elements 
Ti,  V,  Cr,  Mn,  have  therefore  predom- 
inantly electropositive  character.  In  Table 
I  the  difTerences  between  the  properties  of 
these  elements  and  those  of  the  corresponding 
elements  in  the  earlier  periods  is  indicated  by 
the  heavy  lines  enclosing  these  elements. 
These  lines  also  express  the  mutual  resem- 
blance between  the  elements. 

W'e  can  go  much  further  in  predicting  the 
properties.  The  maximum  valency  of  the 
elements  is  determined  by  the  abilitv  of 
their  atoms  to  revert  to  Ar,  thus  V  has  a 
valency  of  five,  Cr  six,  and  Mii  seven.  It  will 
be  shown  that  in  the  fonnation  of  acid 
radicals  \wth  high  valencies  the  electrons, 
although  they  are  given  up  to  oxygen  atom.s, 
yet  remain  within  the  field  of  force  of  the 
original  atom.  In  other  words,  the  acid 
forming  atoms  share  their  electrons  with 
oxygen  atoms  but  do  not  lose  them  com- 
pletely. In  compounds  in  which  these  high 
\-alencies  occur  the  properties  are  like  those 
of  the  corresponding  elements  of  the  previous 
period.  Thus  vanadates  resemble  phosphates, 
chromates  resemble  sulphates  and  perman- 
ganates are  like  perchlorates.  But  when 
these  elements  ha\-e  other  valencies  their 
properties  do  not  show  such  relationships. 

The  electropositive  character  of  A".  Ca  and  Sc 
is  determined  by  the  ease  with  which  the  atoms 
of  these  elements  revert  to  Ar.  Elements  like 
r,  Cr  and  Mil.  however,  cannot  form  positive 
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ions  by  reverting  to  Ar  for  they  would  have 
to  give  up  completely  five,  six  and  seven  elec- 
trons respectively.  The  large  electrostatic 
forces  involved  prevents  the  formation  of 
ions  with  such  large  charges.  The  electro- 
positive character  of  these  elements  must 
manifest  itself,  therefore,  by  the  formation 
of  ions  with  fewer  charges.  The  tendency 
to  give  up  electrons  is  dependent  on  the 
presence  of  electronegative  elements  capable 
of  taking  up  the  electrons.*  In  general,  we 
may  suppose  that  the  atoms  in  a  metal  are 
held  to  each  other  by  very  strong  forces  as 
indicated  for  example  by  the  high  heats  of 
evaporation.  If  the  metal  goes  into  solution 
a  large  amount  of  energy  must  be  expended 
in  separating  these  atoms  and  in  removing 
some  of  their  electrons.  This  energy  is 
supplied  by  the  energy  of  combination  of  the 
electronegative  elements  with  the  electrons 
separated  from  the  atoms  when  they  go  into 


supplied  than  if  it  forms  univalent  ions. 
On  the  other  hand,  it  will  be  more  difficult 
to  separate  two  electrons  than  one  electron 
from  an  atom.  Thus  we  may  suppose  in  a 
given  case  that  univalent  ions  will  not  form 
because  the  energy  supplied  by  the  combina- 
tion of  a  single  electron  with  the  electro- 
negative atom  is  not  sufficient  to  separate 
the  metal  atom  from  the  others.  On  the  other 
hand,  quadrivalent  ions  may  not  form  because 
the  energy  necessary  to  separate  four  electrons 
from  the  atom  may  be  greater  than  that 
which  can  be  supplied  by  the  combination  of 
the  four  electrons  with  the  electronegative 
element. t  It  may  happen,  however,  that 
both  divalent  and  tervalent  ions  can  form 
with  about  equal  ease. 

As  a  matter  of  fact,  if  we  examine  Fig.  1 
we  see  that  the  elements  V,  Cr,  Mn,  Fe,  all 
form  divalent  and  tervalent  cations,  but 
form  no    univalent  or    quadrivalent   ions  in 
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solution  in  the  form  of  ions.    Now,  if  a  metal 
forms    divalent    ions,    more    energy    can    be 

*  The  form  sometimes  given  to  Nernst's  theory  by  which  the 
tendency  to  form  ions  is  due  to  a  solution  pressure  cannot 
correspond  to  the  true  mechanism  of  ionization.  The  real 
tendency  of  such  a  substance  as  potassium  to  give  off  electrons 
is  measured  by  the  Richardson  work  function  as  determined 
from  the  electron  emission  in  high  vacuum.  The  tendency  for 
single  atoms  of  potassium  to  give  off  electrons  is  measured  by  the 
ionizing  potential.  In  both  cases  an  energy  must  be  expended 
to  separate  electrons  from  potassium  which  corresponds  to  a 
difTerence  of  potential  of  a  couple  of  volts.  I  have  previously 
discussed  at  some  length  the  general  theory  underlying  this 
statement  (Langmuir,  Trans.  Amer.  Electrochem.  Soc,  29,  125 
(1916). 

t  It  should  be  kept  in  mind  that  the  work  which  must  be  done 
to  separate  electrons,  from  an  atom  increases  rapidly  with  the 
number  removed.  Thus  if  1  represents  the  work  done  to  remove 
one  electron,  the  work  done  to  remove  the  second  is  2.  the  third 
3  and  the  fourth  4.  To  remove  four  electrons  the  total  work  is 
thus  10  times  that  needed  to  remove  one.  The  energy  supplied 
by  the  formation  of  the  anions  increases,  however,  in  direct 
proportion  to  the  number  of  electrons  removed.  To  take  a  con- 
crete example  let  us  assume  that  in  terms  of  the  energy  units 
chosen  above  the  formation  of  each  anion  supplies  2.7  units 
while  the  separation  of  the  metal  atoms  from  each  other  requires 
the  expenditure,  of  2  units  per  atom.  Then  the  free  energy 
supply  and  consumption  for  the  dilTerently  charged  cations  are 


Number  of  electrons 

0 

1 

2 

3 

4 

5 

Energy  supplied 

Energy  consumed. ....... 

0 
2.0 

2.7 
3.0 

5.4 
5.0 

8.1 
S.O 

10.8 
12.0 

13.5 
17.0 

divalent   or  tervalent   .u.i   .^u.-  ^.^j,-    ^ 
valent,  quadrivalent  or  quinquivalent 


ere  is  sufficient  energy  to  form 
but  not    sufficient   to  form  the 


X  See  also  Bichowsky,  Jour.  Amer.  Chem.  Soc,  ,^0,  500  (191S). 


solution.  The  fact  that  they  all  form  ions 
of  the  same  valency  with  so  nearly  the  same 
ease  shows  that  the  stability  of  these  electrons 
in  these  atoms  is  very  nearly  the  same.  But 
this  is  just  what  our  theory  would  lead  us  to 
expect. 

For  the  elements  under  consideration  only 
five  to  eight  out  of  the  IS  cells  in  the  third 
shell  are  filled  with  electrons.  Furthermore, 
the  tendency  of  the  electrons  to  line  up 
(Postulate  6)  with  the  underlying  electrons 
of  the  second  shell  is  gradually  being  weak- 
ened by  the  mutual  electrostatic  repulsion. 
Therefore,  the  tendencies  of  these  elements 
to  give  up  electrons  do  not  dift'er  greatly. 
The  lack  of  definite  forces  to  determine  the 
distribution  of  the  electrons  among  the  cells 
renders  these  elements  (according  to  a  theory 
of  Lewis)!  capable  of  absorbing  light  in  the 
visible  spectrum.  We  thus  find  that  they  all 
form  colored  salts.  To  quote  from  Lewis: 
"The  difficulty  ******  lies  in  the  fact  that 
the  kernel  of  these  atoms  is  not  uniquety  and 
permanently  defined.  It  seems  probable  that 
in  these  elements  there  is  a  possibility  of  the 
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traiisl'i-'r  of  clriinms  rilhcr  I'niin  cuk'  ]i;irl  nl' 
tlio  kt-nu'l  to  anolluT,  or  ln'twci'ii  llic  l<i.Tm-l 
ami  tlic  outer  shell,  or  possibly  belween  two 
seiiaratc  outer  shells  of  the  same  atom  and 
that  eleelrons  which  are  suspended  midway 
between  two  such  slaj^es  are  res])onsib!e  for 
ihis  absorption  of  light  in  these  cases." 
Accordinj;'  to  the  present  theory  the  absorp- 
tion is  caused  by  the  transfer  of  electrons 
between  diiTcrcnt  parts  of  the  same  outside 
shell  or  is  possibly  due  to  the  ease  with  which 
an  electron  is  g;ained  or  lost  by  the  outside 
shell.  There  is  no  necessity  for,  and  in  fact 
every  probability  against,  the  kernel  (i.e., 
the  inner  shells)  being  concerned  in  this 
process. 

In  the  atoms  of  iron  there  are  eight  elec- 
trons in  the  third  shell,  or  four  in  each  hemis- 
phere. According  to  Postulate  (i  the  mag- 
netic forces  w^ll  make  these  electrons  take 
positions  as  close  as  possible  to  those  of  the 
underlying  shell.  We  may  therefore  picture 
the  structure  of  the  iron  atom  as  follows. 
Close  to  the  nucleus  are  two  electrons.  The 
24  remaining  electrons  arrange  themselves 
in  three  layers  at  the  corners  of  three  con- 
centric cubes  (slightly  flattened)  whose 
diagonals  coincide.  Although  this  atom 
possesses  about  as  high  a  degree  of  sym- 
metry as  that  of  argon  it  differs  radically 
from  the  latter  in  that  the  outer  shell  is  not 
saturated,  only  four  of  the  nine  cells  in  each 
hemisphere  being  occupied  b\'  electrons 
(Postulate  3).  Furthermore,  the  number  of 
electrons  in  the  outside  shell  is  beginning  to 
be  so  great  that  the  electrostatic  repulsion 
(Postulate  6)  tends  to  decrease  the  stability 
of  this  arrangement.  These  are  the  funda- 
mental reasons  why  the  elements  of  smaller 
atomic  number  like  Cr  and  Mn  do  not  exhibit 
the  electronegative  properties  of  S  and  CI. 

In  cobalt  and  nickel,  whose  atomic  numbers 
are  respectively  one  and  two  units  larger 
than  that  of  iron,  the  extra  electrons  can  no 
longer  be  arranged  over  those  in  the  under- 
lying shell.  Let  us  consider  the  way  that  the 
electrons  in  nickel  arrange  themselves.  In 
the  outside  shell  there  are  five  electrons  in 
each  hemisphere  and  these  tend  to  arrange 
themselves  over  the  underlying  four  elec- 
trons (lib).  The  only  position  of  reasonable 
symmetry  which  the  extra  electron  can  take 
is  directly  over  the  center  of  the  square 
formed  by  the  four  electrons  of  the  second 
shell.  In  other  words,  the  electron  goes  into 
the  polar  axis  of  the  atom.  In  cobalt  there 
is  an  electron  at  one  end  of  the  polar  axis 
but  not  at  the  other. 


The  present  thecjry  thus  exiilains  in  a 
I)crfectly  satisfactory  way  the  an<jmalous 
l^osition  of  Fe,  Co  and  A^i  in  the  [jeriodic 
table.  We  shall  sec  that  it  also  accounts  for 
their  unusual  magnetic  ])roperties. 

'i'he  ordinary  chemical  jjroijcrties  of  these 
lliree  elements  resemble  those  of  Cr  and  Mn, 
except  that  they  have  lost  most  of  the  acid 
forming  properties  because  they  are  so  far 
removed  from  Ar  that  they  cannot  revert 
to  it.  Thus  these  three  elements  never  show 
valencies  of  eight,  nine  and  ten  and  do  not 
form  acids  corresponding  to  chromates  and 
permanganates.  They  form  predominantly 
salts  in  which  they  exist  as  divalent  or  ter- 
valent  cations  and  for  the  same  reasons  as 
those  discussed  in  connection  w^ith  V,  Cr 
and  M«.  The  colors  of  their  salts  is  even 
more  marked  than  those  of  the  chromium 
and  manganese  cations  which  indicates  that 
their  electrons  are  even  more  loosely  bound. 
With  nickel  the  number  of  electrons  is  so 
great  that  the  electrostatic  forces  seriously 
oppose  the  magnetic  forces  (Postulate  6). 
The  introduction  of  the  electrons  in  the  polar 
axis  also  tends  to  force  the  other  electrons 
away  from  their  positions  over  the  underlying 
electrons  nd  thus  still  further  weakens  the 
magnetic  forces.  The  effect  is  thus  to  bring 
about  a  rearrangement  of  the  electrons  so 
that  the  square  containing  the  four  electrons 
in  each  hemisphere,  tends  to  revolve  45  deg. 
about  the  polar  axis.  This  arrangement, 
which  we  may  call  the  /3  form,  has  a  higher 
degree  of  sx-mmetrj^  than  the  a  form  pre- 
viously considered,  in  that  all  the  electrons 
in  the  /3  form  are  as  far  from  the  underlying 
ones  a^;  possible,  while  in  the  a  form  one 
electron  was  far  from,  and  the  other  four  were 
close  to,  the  inner  ones. 

According  to  Post.  3  we  should  look  upon 
the  transformation  from  the  a  to  the  /3  form 
as  involving  the  passage  of  electrons  between 
dift'erent  cells  in  the  outside  layer.  It  is 
perhaps  best  to  imagine  that  it  is  the  empty 
cells  which  arrange  themselves  over  the  under- 
lying electrons  in  the  l5  form. 

The  |S  form  of  the  Ni  atom  has  a  symmetry 
which  exceeds  that  of  any  other  atom  betw-een 
Ar  and  Kr,  with  the  possible  exception  of  Fe. 
Thus  the  atoms  of  the  elements  above  A^i 
in  giving  up  electrons  tend  to  revert  to  either 
Xi  or  Fe.  But  by  the  time  we  get  to  elements 
above  N't  the  large  nuclear  charge  causes  the 
electrostatic  forces  to  predominate  over  the 
magnetic  so  that  the  tendency  to  revert  to 
iron  is  eliminated. 
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As  a  matter  of  fact,  by  referring  to  Fig.  1, 
we  find  that  copper  (cuprous)  has  a  valency 
of  one,  zinc  has  two,  gallium  three,  etc.,  right 
up  to  selenium  six.  These  elements  therefore 
all  tend  to  give  up  electrons  in  such  a  way 
that  their  atoms  revert  back  to  the  sym- 
metrical /3  form  of  the  nickel  atom.  It  must 
be  remembered  that  after  these  atoms  have 
given  up  their  extra  electrons  their  outside 
layers  contain  the  same  number  of  electrons 
as  the  nickel  atoms  but  they  differ  from  the 
latter  in  that  the  charge  on  the  nucleus  is 
greater  and  therefore  there  is  a  much  greater 
tendency  for  the  /3  form  to  be  the  more 
stable  form. 

The  tendency  of  the  elements  above  nickel 
to  revert  to  the  (i  form  of  nickel  is  expressed 
in  Table  I  by  placing  Ni  13  in  the  same  vertical 
column  as  the  inert  gases.  The  horizontal 
lines  enclosing  these  elements  indicate  the 
distinction  between  the  structure  of  Ni  (3  and 
atoms  of  the  inert  gases. 

In  the  case  of  copper  we  find  that  the  abilit}' 
to  form  an  ion  having  an  a  form  is  not 
wholly  lost.  Thus  copper  forms  divalent 
ions.  The  cupric  ions  form  a  continuation  of 
the  family  of  similar  elements  which  extend 
from  V  to  Ni,  but  the  cuprous  salts  form  a 
radical  departure  from  this  series.  The 
electrons  are  given  up  in  the  formation  of 
cupric  ions  not  because  there  is  any  inherent 
stability  in  the  Co  atom  to  which  it  reverts 
but  for  the  same  reason  that  Cr,  Mn,  Fe,  Ni 
and  Co  form  divalent  ions.  It  is  interesting 
to  note  that  the  cupric  salts  are  highly  colored 
and  in  many  ways  resemble  nickel  salts. 
The  cuprous  salts  on  the  other  hand  resemble 
those  of  no  element  thus  far  considered.  It 
is  true  the  atoms  have  the  same  valency  as 
those  of  the  alkali  metals  and  that  the  ions 
are  colorless  in  both  cases  showing  that  all 
electrons  are  firmly  held.  But  the  solubiHties 
of  the  salts  are  very  radically  different.  Now 
this  is  just  the  kind  of  difference  we  should 
expect  from  the'  difference  between  the  struc- 
ture of  Ni  13  and  the  atoms  of  the  inert 
gases.  The  atoms  of  these  gases  are  char- 
acterized by  weak  secondary  valence  forces 
(low  boiling  points,  etc.),  whereas  atoms 
having  only  about  half  of  the  cells  in  the 
outside  shell  filled  have  .strong  residual  fields 
of  force.  The  properties  of  the  alkali  metals 
are  therefore  determined  almost  wholly  by 
the  electrostatic  charges  on  their  ions,   but 

*  Most  of  the  data  used  in  the  following  pages  have  been  taken 
from  the  excellent  review  of  "Theories  of  Magnetism"  by  S. 
Dushman  (General  Electric  Review,  May,  August.  Sep- 
tember, October  and  December,  1916). 

t  Smithsonian  Miscel.  Collections,  Vol.  65,  No.  11  (1915). 

t  Physical  Review.  9.  84  (1917). 


with  ions  like  that  of  univalent  copper 
there  is  in  addition  the  residual  field  of  force 
due  to  the  large  number  of  unsaturated 
electrons.  The  cuprous  ion  thus  tends  to 
form  insoluble  solid  salts  and  many  addition 
products  while  the  alkali  metals  do  neither. 

With  zinc  we  have  completely  broken  away 
from  the  tendency  to  variable  valence.  The 
salts  are  now  all  colorless.  The  tendency  to 
form  molecular  compounds  (secondary  val- 
ence) still  distinguishes  this  element  from  the 
more  purely  electropositive  metal,  like  Ca. 

Germanium  is  interesting  because  it  begins 
to  acquire  an  electronegative  character  be- 
cause of  its  ability  to  assume  the  form  of  Kr 
by  taking  up  four  electrons.  It  thus  resembles 
C  and  Si  in  forming  a  volatile  hydride  whereas 
such  a  tendency  is  absent  in  case  of  Ti. 

In  As,  Se  and  Br  because  of  the  proximity 
of  Kr,  the  electronegative  character  pre- 
dominates and  these  elements  thus  closely 
resemble  P,  S  and  CI.  But  their  tendency 
to  form  insoluble  secondary  valence  products 
distinguishes  them  from  these  other  elements. 

Magnetic  Properties* 

Before  proceeding  with  the  discussion  of 
the  elements  beyond  Kr  let  us  consider  the 
magnetic  properties  of  the  elements  of  the 
first  long  period.  We  have  seen  that  the 
structures  of  the  atoms  of  Fe,  Co  and  A'z 
differ  from  that  of  all  the  elements  so  far 
considered  in  that  there  are  24  electrons 
arranged  at  the  corners  of  three  concentric 
cubes.  Furthermore,  our  theory  leads  us  to 
belicA^e  that  they  are  held  in  these  positions 
by  magnetic  forces.  It  is  significant  also  that 
Parsonj  was  led  to  assume  that  the  magnetic 
properties  of  iron  were  conditioned  by  the 
existence  of  four  concentric  'shells  of  eight 
electrons  each  and  that  these  electrons 
exerted  magnetic  forces  on  each  other. 
HuUf  in  a  study  of  the  crystal  structure  of 
iron  by  the  X-ray  methoci  found  that  the 
atoms  of  iron  are  arranged  according  to  a 
centered  cubic  lattice,  that  is,  each  atom  is 
surrounded  by  eight  others  in  directions 
corresponding  to  the  diagonals  of  a  cube. 
Hull  also  found  that  the  intensities  of  the 
lines  in  the  X-ray  spectrum  were  best  ac- 
counted for  on  the  assumption  "that  eight 
of  the  26  electrons  in  each  atom  are  arranged 
along  the  cube  diagonals  at  a  distance  from 
the  center  equal  to  one-fourth  the  distance 
to  the  nearest  atom.  ******  j£  ^^  ^j-^g 
electrons  are  displaced  from  the  center  of 
the  atom  along  the  cube  diagonals  in  four 
groups  of  2,  S,  8,  S  at  distances  ^,  j^,  %,  and 
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I4'  ri'S|Hi.ii\  ily  1)1"  Ihc  ilislaiicc  lo  the  nearest 
atom,  all  llir  ciliserved  fuels  are  accouiiteci 
for  within  the  limit  of  exi)erimental  error." 
The  structure  thus  ])ro])()se<l  by  Mull  is 
identical  with  that  to  wliich  we  are  led  by 
our  present  theory,  except  that  we  should 
expect  the  radii  of  the  electron  shells  to  be 
more  vmiform  than  the  values  ^iven  by  Hull. 
However,  this  is  a  point  of  smaller  sij^nificance. 
It  is  possible  that  the  thermal  aj:;itation  of 
the  outside  electrons  which  arc  not  vmder  as 
stron,u:  constants  as  the  others  may  somewhat 
modifv  Hull's  results.  It  should  be  noted 
that  Hull  {Pliysical  Rcviciv  10.  6!)!  (1917)  has 
found  that  nickel  atoms  arrange  themselves 
in  a  crystal  in  a  similar  way  to  those  of  iron. 
He  has  not,  however,  determined  the  probable 
positions  of  the  electrons. 

The  ferromagnetic  properties  of  Fe,  Co  and 
A't  undoubtedly  depend  not  only  on  the 
arrangement  of  the  electrons  in  the  atom  but 
also  on  the  arrangement  of  the  atoms  with 
respect  to  each  other.  Hull's  results  indicate 
that  there  are  six  electrons  in  a  line  between 
the  centers  (nuclei)  of  each  pair  of  adjacent 
iron  atoms.  The  two  which  correspond  to 
the  outside  layer  of  electrons  in  the  atoms 
are  held  by  weak  constraints,  but  the  inner 
ones  are  probably  held  at  least  as  firmly  as 
those  in  argon.  The  fact  that  the  ferro- 
magnetic properties  of  the  metals  disappear 
when  these  are  heated  above  certain  critical 
temperatures,  even  without  change  in  crystal- 
line form,  indicates  that  the  outside  electrons 
are  subject  to  thermal  agitation  which 
destroys  the  regular  structure  necessary  for 
the  development  of  ferromagnetism. 

It  is  suggestive  that  the  next  most  strongly 
ferromagnetic  substances,  besides  those  con- 
sidered, are  the  Heusler  alloys  which  consist 
of  manganese  and  copper  together  with 
smaller  amounts  of  aluminum,  arsenic,  etc. 
Copper  ha\nng  too  many  electrons  to  give  a 
ferromagnetic  metal  may  supply  enough 
electrons  to  the  manganese  atoms  to  make 
them  take  a  structure  like  that  of  iron. 
Other  elements  than  copper  such  as  P  or  A' 
also  give  ferromagnetic  alloys  with  man- 
ganese. Similarly  Cr  or  V,  although  to  a 
lesser  degree,  may  form  magnetic  alloys 
when  combined  with  other  elements.  In  all 
these  cases  it  is  probable  not  only  that  the 
outer  shell  of  the  M71,  Cr  or  V  atom  takes  up 
electrons  to  revert  to  Fe,  but  that  the  atoms 
arrange    themselves    in    a    crystal    structure 


*  A  curve  giving  the  susceptibility  of  all  the  elements  as  a 
function  of  the  atomic  number  has  been  published  by  Harkins 
and  Hall.     Jour.  Amer.  Chem.  Soc,  38.  169  (1916). 


which  hel]js  to  bring  out  their  magnetic 
proi)erties  (pcrhajjs  always  the  centered 
cul)ic  lattice). 

When  Fc,  Co  and  Ni  have  been  heated 
abo\-o  their  critical  temperatures  (7')0  de^. 
for  Fc.  lOT")  dcg.  for  Co  and  .'540  dcg.  (or  Xi) 
they  lf)se  their  ferromagnetic  [jroperties  and 
become  paramagnetic  and  thus  resemble  the 
metals  of  lower  atomic  number.  The  mag- 
netic susceptibility  of  the  elements  of  the 
first  long  jjcriod  varies  in  a  remarkable  manner 
as  the  atomic  number  of  the  elements  in- 
creases.* Argon  is  very  strongly  diamagnetic, 
A"  is  already  .slightly  paramagnetic,  and  the 
succeeding  elements  Ca,  Ti,  V,  Cr  and  Mn 
show  a  ver>-  rapid  but  steady  rise  in  para- 
magnetism until  we  come  to  the  strongly 
ferromagnetic  metals  Fe,  Co.  Xi.  Beyond 
Xi  there  is  a  sharp  discontinuity  for  the  next 
element — copper,  is  slightly  diamagnetic. 
The  rest  of  the  elements  up  to  Br  have  about 
the  same  susce])tibility  as  copper,  that  is, 
all  are  slightly  diamagnetic. 

The  sharp  break  in  the  curs'e  between 
Xi  and  Or  is  just  what  our  theory  would  lead 
us  to  expect  and  it  affords  striking  indications 
of  the  correctness  of  the  viewpoint.  Still 
more  striking  confirmation  is  to  be  had  in 
the  fact  that  cupric  salts  are  rather  strongly 
paramagnetic,  while  cuprous  salts  are  dia- 
magnetic. We  have  already  seen  that  in  the 
cuprous  ion  the  atom  reverts  to  the  ^  form  of 
A7,  while  in  the  cupric  salts  it  has  properties 
which  correspond  closely  with  those  of  the 
divalent  ions  of  Fe.  Co  and  Xi.  In  other 
words,  in  metallic  copper  and  in  cuprous 
salts  the  electrostatic  forces  predominate, 
as  we  have  already  seen,  in  determining  the 
positions  of  the  electrons  while  in  cupric 
salts  the  magnetic  forces  still  play  an  im- 
portant part. 

It  may  be  asked  why  argon  which  contains 
electrons  arranged  at  the  comers  of  cubes, 
does  not  resemble  iron  in  its  magnetic  prop- 
erties. According  to  Lange\-in's  theor\-  of 
diamagnetism  and  paramagnetism,  the  pres- 
ence of  electronic  orbits  in  an  atom  does  hot 
in  general  cause  paramagnetism.  If  the 
orbits  are  so  arranged  in  the  atom  that  they 
have  a  resultant  magnetic  moment  equal  to 
zero,  then  the  effect  of  an  increase  in  the 
external  field  is  to  increase  the  diameters 
of  some  of  the  orbits  and  decrease  others  in 
such  a  way  that  diamagnetism  results.  It  is 
only  when  the  external  field  is  able  to  change 
the  direction  of  the  axis  of  rotation  that 
param.agnetism  can  occur.  In  the  atoms  of 
the  inert  gases  the  electrons  (or  m.agnetons 
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since  we  assume  they  have  a  magnetic  field 
of  their  own)  being  under  very  large  con- 
straints, arrange  themselves  so  that  the 
magnetic  field  of  the  atoms  is  nearly  wholly 
internal,  in  other  words,  so  that  the  magnetic 
moment  is  zero.  Such  atoms  are  diamagnetic. 
It  is  only  where  the  electrons  are  under  much 
weaker  constraints,  but  yet  are  held  by  mag- 
netic rather  than  by  electrostatic  forces  that 
we  should  expect  paramagnetism. 

Second  Long  Period 

Beyond  Kr  the  second  layer  in  the  third 
shell  begins  to  be  filled.  The  first  of  the  18 
electrons  needed  to  complete  this  layer  (Postu- 
lates 3  and  4)  arrange  themselves  with  respect 
to  the  eight  electrons  in  the  second  shell 
(Postulate  5),  just  as  in  the  first  long  period, 
so  that  Rn  has  a  structure  analogous  to  Fe. 
The  IS  electrons  in  the  first  layer  of  the  third 
shell,  however,  make  the  symmetry  much 
less  perfect  than  it  was  in  the  case  of  Fe. 
The  properties  of  these  elements  are  more 
complicated  than  those  of  the  first  long 
period  and  there  is  a  greater  tendency  to 
form  insoluble  salts  and  secondary  valence 
compounds.  The  elements  up  to  Ru  are 
slightly  diamagnetic  or  slightly  paramagnetic, 
but  from  Ru  to  Pd  there  is  a  large  increase 
in  susceptibility.  This  reaches  a  sharp  maxi- 
mum with  Pd  and  then  drops  suddenly  to  a 
negative  value  for  Ag.  There  is  thus  the 
same  marked  discontinuity  as  was  observed 
between  nickel  and  copper.  But  the  sus- 
ceptibiKty  of  Pd  is  only  about  equal  to  that 
of  Mn  and  thus  of  quite  a  different  order  of 
magnitude  from  that  of  Fe,  Co  or  Ni. 

According  to  our  theory  there  can  be  no 
doubt  but  that  the  extra  two  electrons  in  Pd 
arrange  themselves  in  the  polar  a.xis.  In  the 
elements  beyond  this  point  the  electrons 
around  the  polar  axis  seek  positions  as  far 
as  possible  from  the  electrons  in  the  second 
shell,  so  that  the  atoms  tend  to  revert  to  a  /3 
form  of  the  Pd  atom.  Thus  Ag  forms  color- 
less univalent  ions,  Cd  divalent,  etc.  These 
properties  and  their  explanation  are  so 
nearly  like  those  of  the  first  long  period  that 
we  need  not  consider  them  in  more  detail. 

The  "  Rare  Earth  "  Period 

After  xenon  the  fourth  shell  begins.  There 
are  32  cells  to  be  filled  by  electrons  before 
the  atom  again  reaches  the  stability  of  an 
inert  gas  (niton).  The  first  three  or  four 
elements  have  predominantly  electropositive 
character  and  form  positive  ions  whose 
valency  increases  by  steps  of  one  due  to  the 


tendency  to  revert  to  xenon.  As  more  elec- 
trons are  added  they  will  tend,  according  to 
Postulate  6,  to  arrange  themselves  over  the 
IS  of  the  underlying  third  shell,  just  as  in  the 
first  long  period  the  electrons  arranged  them- 
selves over  the  eight  underlying  ones  in  the 
second  shell.  This  process  yields  a  series  of 
similar  elements  having  about  the  same 
valency,  just  as  we  found  among  the  elements 
from  Ti  to  Ni.  By  referring  to  Table  I  we 
see  that  this  family  of  elements  corresponds 
exactly  with  the  rare  earth  elements.  The 
eighteenth  element  from  xenon  is  lutecium, 
and  this  marks  definitely  the  last  of  the  rare 
earths. 

Since  the  forces  holding  these  18  electrons 
are  predominantly  magnetic  and  since  the 
constraints  are  not  of  the  rigid  kind  character- 
istic of  the  inert  gases,  we  should  expect 
these  elements  to  be  paramagnetic.  As  a 
matter  of  fact,  the  rare  earths  are  the  most 
strongly  paramagnetic  of  any  of  the  elements 
except  those  from  Mn  to  Ni.  Even  Ba  begins 
to  show  a  perceptible  paramagnetism  (Sr  is 
diamagnetic).  The  susceptibility  of  only  a 
few  of  these  metals  have  been  determined 
but  the  atomic  susceptibilities  of  cerium, 
praseodymium,  neodymium  and  erbium  are 
respectively  2,  7,  11  and  7  times  that  of 
manganese.  Gadolinium  sulphate  lies  be- 
tween ferric  sulphate  and  manganese  chloride 
in  magnetic  properties. 

It  seems  probable  that  the  most  marked 
magnetic  properties  occur  with  the  elements 
samarium,  europium  and  gadolinium  for 
these  are  the  eighth,  ninth  and  tenth  elements 
from  xenon  and  thus  should  correspond  most 
closely  in  their  structures  to  Fe,  Ni  and  Co. 
In  samarium  there  is  probably  a  slight 
tendency  for  the  eight  electrons  in  the  out- 
side layer  to  arrange  themselves  at  the  corners 
of  a  cube,  while  in  gadolinium  the  two  extra 
electrons  are  in  the  polar  axis.  But  in  other 
properties  these  three  elements  should  not 
differ  radically  from  the  other  rare  earths. 

By  the  time  the  18  electrons  have  been 
added  the  electrostatic  forces  have  begun  to 
oppose  the  magnetic  attraction  to  a  marked 
degree.  Therefore,  when  in  tantalum  an 
additional  electron  is  added,  the  whole  out- 
side shell  tends  to  rearrange  itself  so  that 
the  empty  cells  come  opposite  the  electrons 
of  the  underhang  shell.  The  most  s\Tn- 
metrical  arrangement  of  this  kind  will  occur 
when  there  are  18  empty  cells  opposite  the 
18  underlying  electrons.  The  atomic  number 
of  niton  in  which  the  fourth  shell  is  complete 
is  86 — therefore,  an  element  ha\dng  18  empty 
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spaces  in  the  fourth  shell  \vill  have  an  atomic 
number  (i8  corresponcliiijj  to  erbium.  The 
stnicture  of  this  ^  form  of  erbium  has  the 
same  kind  of  stability  for  large  nuclear 
charj^es  that  we  found  in  the  cases  of  |3-nickel 
and  ^-iialladium.  We  may  therefore  expect 
that  the  atoms  beyond  lutecium  will  show  a 
marked  tendency  to  revert  to  ^-erbium.  Thus 
tantallum  with  an  atomic  number  73  tends 
to  lose  five  electrons  and  tungsten  to  lose  six. 
The  properties  of  Ta  and  W  thus  resemble 
those  of  columbium  and  molybdenum,  but 
because  of  the  complexity  of  the  atom  to 
which  they  revert,  and  in  general  because  of 
the  large  numbers  of  electrons  in  their  out- 
side shells,  their  secondary  valence  forces  are 
more  highly  developed. 

In  accordance  with  the  marked  change  in 
the  electron  arrangement  beyond  lutecium 
we  find  that  the  paramagnetism  is  practically 
absent  in  the  elements  tantalum  and  tungsten. 


The  /3  form  of  the  erbium  atom  contains 
IS  emjUy  cells  arranged  over  the  IS  cells  of 
the  third  shell.  When  electrons  are  added  as 
we  pass  to  elements  of  large  atomic  number 
the  first  eight  of  them  naturally  tend  to 
arrange  themselves  at  the  corners  of  a  cube, 
because  of  the  magnetic  attraction  of  the 
eight  electrons  in  the  second  shell.  The  next 
two  electrons  for  reason  of  symmetn.*  then 
arrange  themselves  in  the  polar  axis.  We 
thus  have  the  three  "eighth  grouji"  elements, 
osmium,  iridium  and  platinum.  Because  of 
the  weakness  of  the  forces  acting  between  the 
fourth  and  the  second  shell  we  should  not 
expect  strongly  developed  magnetic  prop- 
erties in  these  elements.  As  a  matter  of 
fact  osmium  and  iridium  have  susceptibilities 
nearly  equal  to  zero,  but  there  is  a  small  but 
sharp  rise  at  platinum  making  this  element 
about  one-fourth  as  paramagnetic  as  pal- 
ladium. The  next  elements  gold, mercur\-. etc., 
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are  distinctly  diamagnetic.  The  same  sharp 
break  occurs  here  as  we  found  between 
Ni  and  Cu,  Pd  and  Ag,  Lu  and  Ta,  although 
its  magnitude  is  much  less.  We  may  there- 
fore assume  that  beyond  platinum  the  elec- 
trons tend  to  rearrange  themselves  in  a  /3 
form  in  which  the  ten  electrons  which  have 
been  added  since  erbium  endeavor  to  get 
further  away  from  those  of  the  underlying 
electrons.  The  eight  empty  cells  tend  to 
take  symmetrical  positions  in  the  atom 
probably  at  corners  of  a  cube,  and  the  cells 
containing  electrons  space  themselves  as  best 
the}^  can.  The  fact  that  an  arrangement  of 
this  kind  does  not  have  nearly  the  symmetry 
which  we  found  for  the  /3  form  of  the  nickel 
atom  is  probably  the  explanation  of  the  fact 
that  the  tendency  of  the  succeeding  elements 
to  revert  to  this  fi  form  of  Pt  is  much  less 
marked  than  we  observed  in  the  cases  of 
reversion  to  nickel,  palladium  and  erbium. 
Thus  we  find  that  gold  and  mercury  have 
variable  valency  differing  in  this  respect  from 
silver  and  cadmium.  Thallium  forms  uni- 
valent and  tervalent  ions  whereas  indium 
forms  only  tervalent.  Lead  only  exceptionally 
is  quadrivalent,  while  this  seems  to  be  the 
normal  condition  of  tin  compounds.  Thus 
stannous  salts  are  strong  reducing  agents  but 
divalent  lead  salts  are  not.  Bismuth  is 
normally  tervalent  and  forms  only  a  few  very 
unstable  compounds  in  which  it  is  quinqui- 
valent. Antimony  on  the  other  hand  has 
about  equal  tendencies  to  be  tervalent  or 
quinquivalent. 

There  is  an  interesting  sudden  break  in  the 
susceptibility  curve  between  lead  and  bis- 
muth. Gold,  mercury  and  thallium  are  very 
slightly  diamagnetic,  but  bismuth  is  the  most 
strongly  diamagnetic  element  with  the  excep- 
tion of  the  inert  gases.  In  all  of  the  elements 
between  gold  and  niton  the  positions  of  the 
electrons  are  determined  mainly  by  electro- 
static forces  (Postulate  6).  But  magnetic 
forces  still  tend  to  cause  the  electrons  to  ar- 
range themselves  in  the  eight  available  cells 
(in  platinum)  so  that  they  will  be  placed  as 


symmetrically  as  possible  with  respect  to  the 
underlying  electrons.  Now  the  four  addi- 
tional electrons  (in  lead)  can  arrange  them- 
selves in  the  eight  spaces  with  reasonable 
symmetry,  but  the  five  electrons  in  bismuth 
cannot  do  so.  The  extra  electron  displaces 
the  others  and  thus  weakens  the  magnetic 
forces  and  strengthens  the  electrostatic.  In 
agreement  with  this  theory  we  find  that  there 
is  a  similar,  although  smaller,  minimiam  in 
susceptibility  at  phosphorus,  arsenic  and 
antimony,  the  elements  which  also  have 
atomic  numbers  three  less  than  those  of  the 
following  inert  gases.  We  also  find  distinct 
maxima  at  germanium,  tin  and  lead  which 
have  four  electrons  less  than  the  inert  gases 
which  follow  them. 

The  Uranium  Period 

With  niton  the  first  layer  of  electrons  in 
the  fourth  shell  is  completed.  As  we  add 
more  electrons  we  should  expect  to  go  through 
the  same  cycle  as  that  of  the  rare  earth 
period.  The  properties  of  the  first  two  or 
three  elements  are  determined  primarily  by 
the  ease  with  which  they  give  up  electrons. 
Thus  radium  very  closely  resembles  barium, 
differing  from  it  in  chemical  properties  only 
by  its  slightly  greater  secondary  valence 
which  manifests  itself  here  by  slightly 
decreased  solubility  of  its  salts. 

Thorium  resembles  cerium  and  zirconium, 
the  elements  of  similar  constitution. 

Beyond  thorium  we  might  expect  another 
series  of  elements  analogous  to  the  rare 
earths  up  to  an  atomic  number  of  104  if 
the  nuclei  of  such  elements  were  stable 
enough  to  exist  under  ordinary  conditions. 
However,  the  properties  of  uranium  do  not 
bear  out  this  supposition.  Uranium  is  not 
closely  related  in  its  properties  to  neodATnium, 
nor  in  fact  does  it  closely  resemble  anj^ 
other  element.  It  would  seem  therefore,  that 
it  is  not  safe  from  our  present  knowledge  to 
make  definite  predictions  as  to  the  properties 
of  other  possible  elements  of  this  period. 

{To  be  Continued) 


Methods  for  More  Elficiently  Utilizing  Our 
Fuel  Resources 

PART  XXIX.     THE  COAL  RESOURCES  AND  TRANSPORTATION 
FACILITIES  IN  ALASKA 

By  F.  P.  Coffin 
Research  Laboratoky,  Generai,  Electric  Company 

The  Alaskan  coal  fields  contain  the  only  accessible  deposits  of  high  grade  semi-bituminous  coal  on  the 
shores  of  the  Pacific  0,-can;  as  well  as  extensive  deposits  of  lignite.  Their  development  has  been  held  back 
by  unsatisfactory  land  laws  and  by  the  lack  of  railways.  Congress  has  passed  new  laws  and  transportation 
facilities  are  now  available.  The  coal  mining  industry  is  being  developed  to  supply  fuel  for  local  require- 
ments. If  coal  can  be  produced  economically  it  can  ultimately  be  shipped  south  to  supply  the  Pacific  coast 
market. — Editor. 


'  Alaskan  coal  is  of  great  value,  but  its 
extent  and  character  have  been  much  exag- 
gerated. There  are  great  quantities  of  lignite 
and  low-grade  bituminous  coal  in  several 
parts  of  the  Territory,  but  there  are  only 
two  fields  of  accessible  high-grade  coal  known 
in  Alaska.  Their  location  is  shown  on  the 
map  accompanying  this  article.  The  Bering 
Ri\-er  field  is  near  Controller  Bay.  The 
Matanuska  field  is  larger  and  may  prove  to 
be  the  more  important.  Both  of  these  fields 
contain  anthracite  and  high-grade  bituminous 
coals.' 

The  development  of  these  fields  has  been 
delayed  by  the  lack  of  railways  for  trans- 
porting the  coal  over  the  relatively  short 
distance  to  the  coast.  A  branch  of  the  new 
government  railroad  now  taps  the  Matanuska 
coal  field  and  several  mines  are  now  produc- 
ing coal  on  a  small  scale.  Another  railroad  is 
under  construction  which  will  tap  the  Bering 
River  field. 

MINING   LAND   LAWS 
Former  Unsatisfactory  Laws 

Development  has  also  been  delayed  by  the 
unsatisfactory  state  of  the  mining  laws 
pertaining  to  the  coal  lands  of  Alaska  prior 
to  the  year  1914. 

^The  first  act,  passed  June  6,  1900.  simply 
extended  to  Alaska  the  provisions  of  the  coal- 
land  laws  in  the  United  States.  This  law  was 
ineft'ective,  for  it  provided  that  only  sub- 
divided lands  could  be  taken  up,  and  there 
were  then  no  land  surveys  in  Alaska.  The 
matter  was  rectified  by  the  act  of  April  28, 
1904,  which  permitted  unsurveyed  lands  to 
be  entered  and  the  surveys  to  be  made  at  the 
expense  of  the  entrymen.  Unfortunately,  the 
law  provided  that  only  tracts  of  160  acres 

'ithdrawn  from  location  and 


could  be  taken  up,  and  no  recognition  was 
given  to  the  fact  that  it  was  impracticable 
to  develop  an  isolated  coal  field  requiring  the 
expenditure  of  a  large  amount  of  money  by 
such  small  units.  Many  claims  were  staked 
however,  and  surveys  were  made  for  patents. 
It  was  recognized  by  everybody  familiar  with 
the  conditions  that  after  patent  was  obtained 
these  claims  would  be  combined  in  tracts 
large  enough  to  assure  successful  mining 
operations.  No  one  experienced  in  mining 
would,  of  course,  consider  it  feasible  to  open 
a  coal  field  on  the  basis  of  single  160-acre 
tracts.  The  claims  for  the  most  part  were 
handled  in  groups,  for  which  one  agent 
represented  the  several  different  owners. 
Unfortunately,  a  strict  interpretation  of  the 
statute  raised  the  question  whether  even  a 
tacit  understanding  between  claim  owners  to 
combine  after  patents  had  been  obtained 
was  not  illegal.  Remedial  legislation  was 
sought  and  enacted  in  the  statute  of  May  28, 
1908.  This  law  permitted  the  consolidation 
of  claims  staked  previous  to  November  12, 
1906,*  in  tracts  of  2.560  acres.  One  clause  of 
this  law  invalidated  the  title  if  any  individual 
or  corporation  at  any  time  in  the  future 
owned  any  interest  whatsoever,  directly  or 
indirectly,  in  more  than  one  tract.  The 
purpose  of  this  clause  was  to  prevent  the 
monopolization  of  coal  fields;  its  immediate 
effect  was  to  discourage  capital.  It  was  felt 
by  many  that  this  clause  might  lead  to 
forfeiture  of  title  through  the  accidents  of 
inheritance  or  might  even  be  used  by  the 
unscrupulous  in  blackmailing.  It  would 
appear  that  land  taken  up  under  this  law 
might  at  any  time  be  forfeited  to  the  govern- 
ment through  the  action  of  any  indi\-idual 
who,  innocently  or  otherwise,  obtained  in- 
terest in  more  than  one  coal  company.  Such 
a  title  was  felt  to  be  too  insecure  to  warrant 
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the  lar^L"  iiivt'slim'iils  lUTclrd  I'ur  mining; 
developiiienls. 

^ThoiU'Livsull  of  all  this  is  that  no  titles  to 
coal  laiuJs  were  jjasscil.  Mi-anwliilc,  a  i)(ii)ular 
clamor  was  raiscil  ituliscriiniiiatcly  against  all 
Alaskan  coal  claimants.  The  practice  of 
locatiiij;  coal  lands  through  power  of  attorney, 
which  is  strictly  Icj^al  anil  uni\-crsall\-  accepted 
in  all  mining  law%  was  confused  with  the 
so-called  "dummy  enlryman"  practice,  W'hich 
was  illegal.  It  is  true  that  many  of  the  coal- 
land  claimants  were  non-residents,  yet  this 
was  necessarily  so,  for  the  man  who  had  the 
means  necessary  to  provide  for  a  survey, 
payments  to  the  government,  and  the 
development  work  on  a  claim  required  before 
patent  was  issued  usually  did  not  follow  the 
vocation  of  a  prospector.  The  difTerence 
between  the  mining  of  coal  and  the  mining 
of  placer  gold  has  not  always  been  recognized. 
A  placer  claim  may  yield  a  profit  to  the 
prospector  who  has  but  a  supply  of  pro- 
visions and  a  few  simple  tools,  but  as  a 
necessary  preliminary  to  coal  mining  at  least 
several  thousand  dollars  must  be  expended 
on  each  claim.  Even  after  the  money  neces- 
sary to  patent  has  been  spent,  no  profit  from 
mining  can  accrue  until  sufficient  capital  has 
been  invested  to  pro\-ide  equipment  and 
transportation  facilities.  These  explanations, 
obvious  to  every  coal  miner,  are  made  because 
an  idea  seems  prevalent  that  any  individual 
prospector,  after  staking  a  coal  claim,  can 
proceed  to  develop  it  at  a  profit  as  he  might 
a  gold  placer.^ 

'During  1914  Congress  passed  two  laws — 
the  Alaska  Railroad  Act  and  the  Coal  Leasing 
Act — that  will  mean  much  to  the  develop- 
ment of  the  resources  of  the  territory.  Under 
the  Railroad  Act,  provisions  were  made  for 
the  construction  of  a  railroad  extending  from 
Seward,  on  Resurrection  Bay,  inland  to 
Fairbanks,  a  distance  of  471  miles.  The 
route  selected  is  through  the  Susitna  and 
Matanuska  Valleys  and  taps  the  known  coal 
fields  that  are  situated  in  both  these  valleys. 
Work  on  this  railroad  has  been  pushed  for- 
ward as  rapidly  as  conditions  would  warrant, 
and  there  is  now  completed  and  in  operation 
255  miles  of  railroad.  Transportation  facili- 
ties are  now  available  for  coal  mines  situated 
at  Matanuska  and  Chickaloon  to  Anchorage, 
a  deep  water  port  on  Cook  Inlet.' 

Leasing  of  Coal  Lands 

'  Under  the  Coal  Leasing  Act,  provisions 
were  made  for  the  survey  of  coal  deposits  in 
Alaska  and  the  leasing  of  coal  units  after  the 


survey  has  I)ecn  made.  'I'his  law  permits  the 
leasing  of  coal  areas  in  tracts  not  to  exceed 
25G()  acres  in  extent,  the  lessor  jjaying  to  the 
(lovernment  a  royalty  of  not  less  than  two 
cents  jjcr  ton  for  all  coal  mined.  It  also 
provides  for  the  granting  of  Free  U.se  Permits, 
on  tracts  of  ten  acres  or  less,  for  the  mining 
of  coal  'for  local  use  and  for  prosjjccting  pur- 
poses. This  allows  the  jjioneer  prospector  to 
enter  the  field  and  ascertain  to  some  degree 
the  value  and  extent  of  his  findings. 

'A  portion  of  the  coal  bearing  lands  in 
Alaska  has  already  been  surveyed  and  the 
leasing  units  made  ready  for  entry.  Twenty 
such  units  have  now  been  laid  out  in  the 
Matanuska  field,  on  six  of  which  coal  mines 
are  now  being  operated  and  producing  coal. 
Before  there  can  be  any  large  producing 
mines,  a  great  deal  of  prospecting,  drilling 
and  other  develoi:)ment  work  must  be  per- 
formed. There  is  nothing  to  prevent  the  quick 
development  of  smaller  mines  that  will  be 
able  to  supply  the  local  demands  for  fuel  at 
the  present,  but  the  opening  of  coal  mines  on 
a  large  scale  will  require  the  expanding  of  the 
workings  to  a  point  where  there  is  room  for 
the  miners  to  produce  a  large  tonnage,  all  of 
which  takes  considerable  time. 

^  The  Government  is  operating  and  develop- 
ing mines  on  three  of  the  units  in  the  Matan- 
uska fields,  the  coal  produced  being  used  for 
the  operation  of  the  railroad  and  for  fuel  for 
construction  equipment.' 

■•The  President  of  the  United  States  is 
required  by  the  leasing  act  to  "designate  and 
reserve  from  use,  or  disposition,  not  exceeding 
5120  acres  of  coal-bearing  land  in  the  Bering 
River  field,  and  not  exceeding  7680  acres  of 
coal-bearing  land  in  the  Matanuska  field," 
before  opening  the  fields  under  the  pro- 
\dsions  of  the  act. 

''  It  is  recognized  that  if  the  government 
were  to  reserve  the  total  acreage  allowed  by 
law  and  were  to  select  those  areas  that  are 
believed  to  be  best  suited  for  profitable 
mining,  the  result  might  be  effectually  to 
prevent  coal  mining  in  Alaska  until  such  time 
as  the  government  itself  might  undertake 
mine  development  and  operation.  The 
intention  of  Congress  in  passing  the  Alaskan 
coal-leasing  law  is  believed  to  have  been  the 
promotion  of  the  mining  of  coal  in  the 
Territory  as  early  as  possible  to  meet  the 
demands  of  the  government  railroad,  the 
Nav3^  and  Alaskan  consumers.  The  legal 
provision  for  government  reservation  fur- 
nishes a  means  for  safeguarding  the  public 
interest  in  the  future,  when  lack  of  compe- 
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tition  or  other  exigency  may  necessitate 
government  operation.  The  tracts  now 
selected  for  reservation,  in  accord  with  this 
policy,  are  therefore  such  as  are  believed  to 
possess  the  average  rather  than  the  highest 
value.* 

Competition  from  California  Oil 

The  third  reason  for  the  delayed  develop- 
ment of  the  Alaskan  coal  fields  has  been  the 
rapid  development  of  the  California  oil 
industry  and  the  consequent  abundance  of 
fuel  oil  on  the  Pacific  coast. 

Oil  has  supplanted  coal  in  many  fields  and 
possesses  advantages  in  economy  and  in 
convenience  of  handling.  For  example,  it  has 
supplanted  coal  on  many  of  the  western 
railroads  and  on  the  railroads  in  Alaska.  It  is 
used  on  most  of  the  steamships  in  the  Pacific 
coastwise  service  as  well  as  on  the  steamers 
navigating  the  Yukon  river.  In  the  latter 
case,  it  supplanted  Alaskan  coal  which  was 
formerly  mined  from  the  local  coal  deposits 
along  the  Yukon. 

The  present  high  price  of  oil  on  the  Pacific 
coast  now  puts  the  situation  in  a  different 
light. 

THE   COAL   FIELDS 
Geologic  Distribution  of  Coal 

^  The  oldest  coals  known  in  Alaska  are  some 
which  are  of  a  high-grade  bituminous  charac- 
ter and  occur  near  and  south  of  Cape  Lis- 
burne,  on  the  Arctic  Ocean.-  These  were 
formed  in  the  early  part  of  the  carboniferous 
age,  which  was  the  earliest  period  in  which 
extensive  coal  deposits  were  formed  any- 
where. It  was  at  this  period  in  the  earth's 
history  that  terrestrial  vegetation  became 
sufficiently  developed  to  form  extensvie  peat 


deposits.  Fossil  plants  collected  at  Cape 
Lisburne  indicate  that  what  is  now  Arctic 
Alaska  has  had  a  more  temperate  climate  in 
past  ages.  Table  I  indicates  that  the  various 
coal  fields  range  in  age  all  the  way  from  the 
earliest  to  the  most  recent  ages  at  which  coal 
was  formed. 

Geographic  Control  of  Development  of  Coal  Fields 

-  Two  great  series  of  ranges,  the  Pacific 
mountain  system  on  the  south  and  west  and 
the  Rocky  Mountain  system  on  the  north 
and  east,  traverse  Alaska  and  divide  it  into 
three  general  geographic  provinces.  The 
southernmost  of  these  provinces,  here  called 
the  Pacific  slope,  is  divided  from  a  second 
province,  called  the  central  region,  bj^  a 
series  of  snow-covered  ranges.  This  central 
region  is  separated  from  the  third  province, 
called  the  Arctic  slope,  by  a  second  mountain 
barrier.  The  Pacific  slope  province  includes 
the  watersheds  of  all  the  streams  fiowing  into 
the  Pacific  Ocean,  and  therefore  a  consider- 
able part  of  the  southern  mountain  S3'stem. 
The  Pacific  seaboard,  except  for  the  upper 
part  of  Cook  Inlet,  is  open  to  navigation 
throughout  the  year.  A  number  of  transverse 
valleys  and  low  passes  break  the  continuit}^ 
of  the  southern  mountain  barrier  and  thus 
afford  routes  of  approach  to  the  central 
region.  Yukon  and  Kuskokwim  rivers,  which 
drain  the  central  region,  are,  together  with 
their  tributaries,  navigable  for  thousands  of 
miles,  but  only  for  the  summer  months.  The 
Arctic  slope  is  accessible  along  its  seaboard 
only  for  a  part  of  the  summer.  While  the 
mountains  which  bound  it  on  the  south  are 
broken  by  many  passes,  railway  connection 
with  an  open  port  on  the  Pacific  will  not  be 
commercially   practicable   under   any   condi- 


TABLE  I 
STRATIGRAPHIC  POSITION  OF  ALASKA  COALS' 


System 

Series 

Character  of  Coal 

Principal  Distribution 

Quarternary 

Pleistocene 

Lignitic 

Yukon  Basin  and  other  parts  of 
Alaska 

f  Pliocene 

Lignitic 

Yakutat  Bay  and  other  localities 

1  Miocene  or  Eocene 

Anthracite  and  bituminous 

Bering  River 

Tertiary 

J  Eocene 

Chiefly  lignitic;  also  some  bitu- 

Throughout Alaska,  notably  on 

1 

minous  and  subbituminous 

Cook  Inlet  and  in  Matanuska 

1 

Valley,    Susitna    Valley,    and 

I 

Yukon  Basin. 

Cretaceous 

Upper  Cretaceous 

Subbituminous  and  bituminous 

Alaska  Peninsula,  Yukon  and 
Colville  Basins 

Jurassic 

Subbituminous  and  bituminous 

Near  Cape  Lisburne 

Carboniferous 

Mississippian 

r  Subbituminous 
\  Bituminous 

Yukon  River.  20  miles  south  of 
Cape  Lisburne 
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tions  that  can  now  hi-  fori'stvii.  liviik'iuh", 
then,  <5e()Kra])liic'  and  climatic  condiiions 
have  a  dominating'  t'ontri)!  of  the  utilization 
of  Alaska's  mineral  fuel.  In  considering,'  the 
use  of  Alaska's  coal  it  is  therefore  necessary 
to  lake  into  account  the  distribution  of  the 
fields  with  reference  to  these  conditions. 
By  this  means  it  can  be  determined  which 
coals  are  available  for  present  use  and  which 
arc  locked  uji  by  natural  conditions  until 
such  time  in  the  future  as  the  price  of  fuel 
may  make  it  commercially  possible  to  brinj; 
them  to  market. '- 

Table  II  f^ixes  the  distribution  of  the  vari- 
ous coal  fields. 

Arctic  Slope 

^  The  coals  of  the  Arctic  slope  lie  north  of  the 
Arctic  Circle.  In  areal  extent,  quantity,  and 
quality  of  coal  the  Cape  Lisburne  field  is  the 


most  important  in  northern  Alaska.  It  in- 
cludes hinh->;ra<le  bituminous  coal. 

'-  The  scant  evidence  available  (loinls  to  the 
conclusion  that  a  survey  of  this  northern 
rej^ion  will  show  very  Iar^;e  coal  fields  in  this 
jKirt  of  Alaska.-  In  the  summer  of  1!)18 
iij;nile  was  mined  on  the  Kobuk  River  and 
shiijjjed  down  stream  to  Kotzebue  on  the 
shore  of  Bering  Sea." 

-A  little  coal  minin;;  for  local  use  has  been 
carried  on  in  the  bituminous  field  near 
Cai)C  Lisburne  and  in  the  lijjnitic  field  of 
Wainwrif^ht  Inlet,  but  the  refjion  as  a  whole 
is  practically  untouched.  It  is  certain  that 
there  will  be  no  extensive  mining  in  this 
northern  field  for  many  generations  to  come. 
These  coals  appear  to  be  too  inaccessible  to 
invite  exploitation,  except  for  the  local  use  of 
whalers  and  natives,  under  any  demands 
that  can  now  be  foreseen.     The  chief  diffi- 


TABLE  II 
THE  COAL  FIELDS 


Arctic  Slope 
Cape  Lisburne  Region 

Cape  Beaufort  field 

Corwin  Basin 

Wainwright  Inlet 

Colville  Basin 

Kobuk  River 


AREA  SQ.  MILES 


Central  Province 

Xenana  field,  Tanana  Valley 

Washington  &  Coal  Creek,  Upper  Yukon . 

Xulato  field.  Lower  Yukon 

Kuskokwim  Basin 

Kugruk  River.  Seward  Peninsula 

L'nalaklik, Bering  Sea  Coast 

Nelson  &  Xunivak  Islands,  ditto 


Pacific  Slope 

Cook  Inlet  Region , 

Matanuska  field , 

Kenai  Peninsula 


Tyonek 

Susitna  Valley 

Southeastern  Alaska 

Bearing  River  field 

Copper  River  Valley 

Yakutat  Bay 

Admiralty  and  Kupreanoff  Islands  . 

Alaska  Peninsula 

Herendeen  Bay 

Chignik  Bay 

Unga  Island 

Pavloff  Bay 

Kodiak  Island 


Large 

44  40 

Small 
Small 
Small 
30  150 

(This  region  only  partly 
surveyed  geologically) 


GRADE  OF  COAL 

High  Low 


200 
14 

1200 
Large 

B 

L 
L 

66 

600 

L 
L 

Small 

Small 

Unknown 

Large 

L 

L 
L 

100 

50 
2565 

A,  B,  L 
L 

Small 

L 

A.  B 

L 


Maximum 

Thickness 

of  Vein 

in  Ft. 


2-3 

Thick 

80 


7  (60  ft. 
total    veins) 


Thinner 
3 


'  A  =anthracite.     B  =bituminous  coal.     L  =ligiiite. 


522     July,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  7 


culties  in  attempting  to  ship  out  this  coal  by 
vessels  are,  first,  the  lack  of  harbors,  and, 
second,  the  fact  that  the  open  season  for 
navigation  is  less  than  two  months.^ 

Central  Province 

-  The  central  province  includes  some  bitu- 
minous and  subbituminous  coals  on  the  lower 


Fig.  2.      Lignite  Outcrop,  Nenana  Field 


Yukon,  besides  more  extensive  areas  of  a  lig- 
nitic  coal-bearing  formation  in  the  upper  Yukon 
basin,  notably  in  the  Nenana  basin  and  near 
the  coast  line  of  Bering  Sea  and  elsewhere. 
^  Much  of  the  coal  of  the  central  province  is 
almost  equally  unavailable  for  export  under 
present  methods  of  utilization.  It  is  chiefly 
lignite  and  is,  therefore,  not  suitable  for  trans- 
portation to  the  seaboard,  a  distance  of  from 
400  to  600  miles.  In  the  absence  of  extensive 
forests  these  coals  will  in  time,  however,  have 
great  value  for  local  consumption.     The  ex- 


tensive peat  deposits  of  the  region  are  also  a 
possible  source  of  fuel.^ 

Yukon  Region 

-  The  Nulato  region  of  the  lower  Yukon 
contains  the  best  coal,  but  it  is  in  beds 
from  2  to  3  feet  thick,  and  such  comparatively 
thin  seams  have  not  encouraged  exploitation, 
especially  as  they  appear  not  to  have  much 
continuity.  Therefore,  in  spite  of  the  high 
price  of  mineral  fuel  in  this  central  region 
there  has  been  but  a  small  production,  and 
that  chiefly  for  the  use  of  the  Yukon  River 
steamers,  many  of  which  now,  however,  burn 
California  petroleum.  The  Nenana  field  is 
the  most  extensive  and  has  the  thickest  beds, 
and  merits  a  little  more  detailed  description. 
It  lies  20  to  40  miles  south  of  Tanana  River, 
between  Nenana  and  Delta  rivers. " 

'  The  coals,  which  are  all  of  lignitic  char- 
acter, occur  in  many  beds  of  different 
thicknesses,  the  thickest  measuring  perhaps 
30  or  35  feet,  which  are  distributed  rather 
uniformly  through  the  coal  measures.  At 
least  12  coal  beds  are  of  workable  thick- ' 
ness,  and  six  or  more  measure  over  20  feet.'' 
One  section  on  Healy  Fork  measured  60  feet. 

^  The  total  area  known  to  be  underlain  by  coal 
is  66  square  miles,  but  the  coal-bearing  strata 
are  exposed  in  an  area  of  600  square  miles 
and  are  known  to  extend  eastward  into  an 
unsurveyed  area.  The  Nenana  field  therefore 
must  include  a  very  large  amount  of  coal.- 
'It  will  probably  at  first  be  mined  by  drifts  or 
slopes  run  from  outcrops  of  coal  on  the  sides 
of  the  valley's  or  by  stripping.  The  abundance 
of  easily  accessible  coal  and  the  moderate 
size  of  the  prospective  markets  make  it 
certain  that  deep  mining  will  not  be  necessary 
for  many  years.' 

The  government  railroad,  now  under  con- 
struction from  Seward  to  Fairbanks,  will  pass 
by  the  Nenana  coal  field. 

'  The  coal  will  probably  be  used  as  locomo- 
tive fuel,  for  generating  power,  and  for  thaw- 
ing at  the  mines  in  Tanana  Valley,  as  domestic 
fuel  in  Tanana  Valley,  and  as  fuel  on  Tanana 
River  boats,  and  possibly  on  some  of  the 
Yukon  steamers.  Nenana  coal,  rather  than 
the  better  and  nearer  Matanuska  coal,  should, 
if  possible,  be  used  on  the  greater  part  of  the 
railroad,  because  the  heavy  freight  traffic  vnll 
be  northbound  and  the  southbound  empties 
will  be  available  for  hauling  coal." 

-Some  of  the  lignitic  coals  of  the  upper 
Yukon  should  eventually  find  a  local  market 
when  the  scant  supply  of  accessible  timber 
approaches  exhaustion.    There  is  a  constantly 
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incrcasiiij^  (lriii:iiiil  I'm'  |iii\vii-  in  ilu-  placrr 
(listricls,  and  this  can  <inly  he  nicl  i-illii-i'  li\' 
dc'N-t'lopinj;  watiT  ixiwiTs,  wliich  arc  iKit 
extensive,  or  1)\-  ulili/.iii),'  the  eoals.  'I'lie  low- 
fuel  values  and  the  cost  of  trans])(irlali<in  of 
these  coals  iiia>'  lead  to  their  transformation 
into  electric  jiower  al  the  mines,  to  I)e  trans- 
mitted to  the  jilaccr  camjjs.  Some  of  the 
liijnite  fields  arc  near  enough  to  the  placer 
fields  to  permit  such  utilization. - 

Seii'ard  Pcitinsula 

-The  known  coal-bearing;  areas  of  Seward 
Peninsula  do  not  exceed  a  few  square  miles, 
and  the  coal  is  of  a  low  grade.  This  coal, 
however,  is  important  because  it  can  prob- 
ably be  utilized  locally  to  furnish  power  for 
mininy;  purposes,  instead  of  the  hijjher  <^rade 
coals  that  arc  now  being  brought  in  from 
outside  sources.  The  important  coals  are 
those  pi  Kugruk  River,  IWng  in  the  north- 
eastern part  of  the  peninsula.  Here  a  lig- 
nitic  coal  bed  has  been  opened  which  is 
over  SO  feet  in  thickness,  with  only  a  few 
thin  partings  of  bone  and  shale.  Two  small 
coal  mines  are  being  operated  in  this  district, 
and  their  product  is  marketed  at  the  near-by 
placer  camps  and  is  competing  with  higher- 
grade  fuels  transported  from  a  distance.  In 
considering  the  value  of  this  coal  it  should 
be  noted  that  most  of  Seward  Peninsula  is 
without  timber,  and  that  all  mining  opera- 
tions must  therefore  depend  on  imported 
fuels  or  draw  on  this  local  supply  of  lignite. - 

In  the  summer  of  1918  lignite  was  mined 
at  Unalaklik  on  Norton  Sound  and  shipped 
by  barges  to  Nome  on  the  south  coast  of 
Seward  Peninsula  and  to  St.  Michael  near 
the  mouth  of  the  Yukon." 

A  hydro-electric  plant  has  recently  been 
planned  to  suppl}'  power  to  the  placer  min- 
ing districts  in  the  vicinity  of  Nome. 

Pacific  Slope 

-  It  is  evident  that  the  coals  of  the  Pacific 
slope  province  are  at  present  of  most  impor- 
tance. These  include  the  lignitic  or  bitumi- 
nous coals  of  southeastern  Alaska,  Cook  Inlet, 
the  Susitna  basin,  and  the  Alaska  Peninsula, 
as  well  as  the  high-grade  fuels  of  the  Bering 
River  and  Matanuska  fields.  About  40  per 
cent  both  of  the  area  known  to  be  underlain 
by  coal  and  of  the  estimated  area  of  the 
total  coal  fields  of  the  Territory  falls  in  this 
province.  It  includes  also  at  least  90  per  cent 
of  the  known  accessible  bituminous  and 
higher  grade  coals  of  the  Territory.  In 
considering  this  percentage  of  total  coal  area 


it  should  be  iif)led  thai  this  is  the  best-known 
pari  of  Alaska,  and  there  is,  therefore,  less 
likelihood  of  future  discoveries  of  coal  in  this 
|iro\inee  than  in  the  less  explored  districts 
of  central  and  northern  Alaska.  However, 
as  ovtT  .")()  |)er  cent  of  this  province  is  geo- 
logicall\-  almost  unknown,  there  is  every 
reason   to   believe   that   future  surveys  may 


Fig.  3.      Lig.lite  Outcrop,  Nenana  Field 

lead  to  the  discovery  of  other  coal-bearing 
areas. 

-  The  known  coal  lands  within  these  fields 
contain,  according  to  the  estimates,  over 
t), 000,000,000  tons  of  coal  of  which  3,500,- 
000,000  tons  is  of  high  grade.  If  the  same 
ratio  between  tonnage  and  area  holds  in  the 
unsurveyed  fields,  these  figures  should  be 
multiplied  by  10.  It  is  probably  safe  to  say 
that  these  fields  contain  50  to  60  billion  tons 
of  coal  and  possibly  much  more. 

-The  Cook  Inlet  fields,  as  well  as  those  of  the 
Alaska  Peninsula,  lie  on  or  close  to  tide-water 
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and,  indeed,  for  the  most  part  have  good 
harbors,  which  are  ice  free  throughout  the 
year.  These  fields  are  admirably  located  as 
regards  transportation;  but  unfortunately 
their  coal  is  for  the  most  part  not  of  a  quality 
to  assure  successful  competition  with  other 
coals  tributary  to  the  Pacific  Ocean. 

"  On  the  other  hand,  the  Bering  River  and 
Matanuska  fields  furnish  the  only  known 
source  of  high-grade  fuels  near  either  the 
eastern  or  the  western  shore  of  the  Pacific 
Ocean,  unless  such  fuels  may  be  had  from 
the  inland  coal  fields  of  China.  They  have, 
therefore,  a  great  importance  to  industries 
of  the  Pacific  coast.  From  them  must  come 
the  high-grade  steaming  and  coking  coals 
and  anthracite  needed  by  the  growing 
population  of  the  Pacific  seaboard  states. 
Unless  they  are  utilized  the  manufacturing 

*  The  annual  precipitation  in  the  Bering  River  field  is  prob- 
ably between  120  and  140  inches;  in  the  Matanuska  field,  about 
25  to  40  inches.  In  the  Bering  River  field  the  average  temperature 
during  the  three  winter  months  is  about  30  deg.  F.;  during  the 
summer  months,  about  51  deg.  F.  The  records  in  the  Matanuska 
field  are  very  imperfect,  but  the  summer  temperature  is  higher 
and  the  winter  temperature  lower  than  in  the  Bering  River  field. 


and  smelting  industries  and  the  navy  must 
depend  largely  on  foregin  coal  when  oil  is 
not  available.  Alaska's  own  need  for  high- 
grade  coal  can  be  supplied  only  from  these 
two  fields,  unless  it  is  furnished  by  such 
foreign  fuel  as  is  transported  for  a  thousand 
miles  or  more  from  such  fields  as  those  of 
Vancouver  Island,  New  South  Wales,  and 
Japan. 

-  Coal  mining  in  the  fields  of  the  Pacific  slope 
of  Alaska  presents  no  problems  which  have 
not  been  solved  elsewhere.  The  question  of 
placing  Alaskan  coal  on  the  market  in  compe- 
tition with  that  from  other  fields  depends 
on  the  relative  cost  of  production. 

^  The  initial  expense  of  installation  of  mining 
plants  will  be  large  as  compared  with  similar 
enterprises  in  the  coal  fields  of  the  Western 
States. 

^  In  spite  of  their  northern  latitude,  the 
climate*  in  these  fields  is  no  more  severe  than 
in  some  of  the  productive  fields  in  the  States. 
In  fact,  it  can  be  definitely  stated  that 
mining  operations  will  be  but  little  hampered 


TABLE  HI 
ANALYSES  OF   ALASKA   COAL^ 


District  and  Kind  of  Coal 


A  nthracite 

Bering  River,  average  of  7  analyses 

Matanuska  River,  1  analysis 

Semi-anthracite 

Bering  River,  average  of  1 1  analyses 

Semi-bitumitious 

Bearing  River,  coking  coal,  average  of  28 
analyses 

Cape  Lisburne,  average  of  3  analyses 

Matanuska  River,  coking  coal,  average  of  16 

analyses 

Bituminous 

Lower  Yukon,  average  of  11  analyses 

Sub-bituminous 

Matanuska  River,  average  of  4  analyses 

Chignik  Bay,  Alaska  Peninsula,  Average  of  -t 
analyses 

Herendeen  Bay,  Alaska  Peninsula,  average  of 

2  analyses 

Lignite 

Admiralty  Island,  Southeastern  Alaska,  aver- 
age of  5  analyses 

Port  Graham,  Cook  Inlet,  average  of  2 
analyses 

Kachemak  Bay,  Cook  Inlet,  average  of  10 
analyses 

Tyonek  and  Beluga  River,  Cook  Inlet,  aver- 
age of  .5  analyses 

Nenana  River,  Tanana  Basin,  1  analysis 

Chicago  Creek,  Seward  Peninsula,  average  of 
9  analyses 


i.71 

:.68 

i.o6 


6.15 
7.08 


14.00 
17.47 

20.23 

31.14 

35.43 

30.89 

32.83 

37.84 
38.10 
38.77 

37.28 

48.81 


78.23 
84.32 


72.42 
75.95 

65.39 

56.62 

49.44 

42.88 

50.06 

35.18 

35.79 

35.56 

30.60 
32.40 


7.74 
6.05 


9.39 
2.92 


11.60 
7.56 


19.29 
9.26 


24.23 


10.25 
10.63 


1.30 
0.57 


1.73 
0.96 

0.57 

0.48 

0.37 

1.50 

0.36 

0.57 

0.40 

0.35 

0.57 
0.16 


Mi'i'iioDS  I'ou  Miiui-;  i;i-|-|('ii:.\ii.\   riii.izixc,  oiR  rrich  KKsoL'Kriis    r,2.j 


li\'  llii'  cliin.ilic  I'lindil  ions,  ll  is  pnssihlc, 
li(i\\(.'\(.'i',  thai  siKiwsliili's  nia\'  \\:ivv  In  In- 
j^uardod  at;ainsl  in  sonic  localities,  ami  tin- 
cxcossixc  ruinl'all  of  tlic  Ik'rinK  Rivi'f  lirlil 
nia\'  intcrlVro  sonu'wliat  with  outdoor  work. 
TIk'  opi'iatiiiK  costs  of  the  i-ail\va\'s  lapping; 
ihcsi'  two  lields  will  he  cnhaiK-ed  by  the 
heavy  snows  in  and  aloni;  the  front  of  the 
coastal  ranjjes,  which  proliaM\-  av-cra^e  S  to 
12  feet  annually. ■-' 

Bering  River  Field 

^One  of  the  two  Alaskan  fields  containing 
the  largest  known  amount  of  high-grade  coal 
lies  about  2")  miles  northeast  of  the  indenta- 
tion of  the  southern  shore  line  of  Alaska  called 
Controller  Bay.  The  field  is  drained  by  Bering 
River,  from  which  it  received  its  name.- 

"The  extent  of  the  coal  bearing  forma- 
tion in  the  area  that  has  been  mapped  is 
about  44  square  miles,  of  which  15.5  square 
miles  is  in  the  area  of  the  high-grade  semi- 
I  bituminous  coal,  about  7  square  miles  is  in 
the  area  of  the  semianthracite  coal,  and  22.5 
square  miles  is  in  the  area  of  the  anthracite 
coal.  An  additional  area  of  3S.7  square  miles 
is  possibly  underlain  by  the  same  forma- 
tion at  greater  or  less  depth,  but  overlying 
rocks,  gravels,  and  glaciers  cause  considerable 
uncertainty  as  to  its  precise  position,  if  not 
as  to  its  actual  presence. 

'The  workable  coal  beds  in  this  field  are 
.3  to  25  feet  thick,  but  through  local  swellings 
the  maximum  thickness  is  much  greater.  In 
quality  the  coals  range  from  anthracite  to 
semi-bituminous.  Analyses  are  given  in 
Table  III.  The  field  probably  includes  some 
coking  coals.  Excessive  deformation  of  the 
strata  has  led  to  the  crushing  of  much  of  the 
coal,  especially  the  anthracite  and  semi- 
anthracite.  These  occur  in  the  eastern  or 
more  closely  folded  part  o^  the  field,  and 
because  of  their  crushed  condition  are  of 
uncertain  value. *° 

'  These  conditions  will  add  materially  to  the 
cost  of  mining,  which  will  be  further  increased 
by  the  fact  that  the  coal  itself  can  not  be 
relied  upon  to  support  the  roof  of  the  mine 
and  that  resort  to  timbering  will  have  to  be 
had  to  an  unusual  extent.  Although  the  local 
timber  is  of  poor  quality,  it  will  probably 
answer  for  ordinary  mining  purposes,  but  the 
cost  for  labor  will  be  high.  Aside  from  its 
crushed  condition,  much  of  the  coal  itself  is 
of  excellent  quality,  possessing  high  thermal 
value.' 

*  Report  on  coal  in  Alaska  for  use  in  United  States  Navy, 
H.  R.  Doc.  No.  876.  63d  Congress.  2d  session,  1914.  123  pp. 


-  'i'lic  anthracite  of  the  fJeriti),;  River  fiejfl  is 
l)ut  little  below  that  of  Pennsylvania  in  com- 
Ijosilion.  The  coals  dasscrl  as  semi-anthra- 
cite are  of  about  the  same  composition  as  the 
Lo\'alsock  or  Bcrnice  basin  coals  of  Pennsj'l- 
vaiiia.'- 

( 'ook  I  nlet 

-The  largest  areas  of  coal-bearing  rrjcks  in 
this  field  occupy  the  western  jiart  of  Kenai 
Peninsula,  and  are  in  part  buried  under  a 
co\er  of  glacial  gravels.  It  is  not  impossible 
that  the  entire  Cook  Inlet  depression  may  be 
underlain  by  these  coal-bearing  formations. 
It  .seems  probable  that  the  coal  reser\'es  in 
the  Cook  Inlet  region  are  very  large,  for  the 
area  of  the  coal  field  is  estimated  at  25G5 
square  miles. 

-The  best-known  part  of  this  field  lies 
adjacent  to  Kachemak  Bay  on  the  north, 
where  2000  to  3000  feet  of  coal-bearing  rocks 
are  exjjosed.  These  rocks  probably  contain 
an  aggregate  thickness  of  over  (JO  feet  of 
workable  lignitic  coal  beds,  the  thickest  of 
which  reaches  about  7  feet. 

-  Though  Kenai  Peninsula  was  the  scene  of 
the  earliest  coal-mining  venture  in  Alaska 
(1S54),  yet  the  product  of  the  industry  has 
amounted  to  only  a  few  thousand  tons. 
Coal  has  been  mined  at  Port  Graham,  on 
Kachemak  Bay,  and  near  Tyonek.  The 
accessibility  of  the  coal  to  tide-water  and  the 
undisturbed  condition  of  the  beds  make  for 
cheap  mining  and  transportation.  With 
improvement  in  methods  for  the  utilization  of 
lignites,  fuel  from  this  field  might  yet  become 
a  competitor  with  the  fuels  of  a  higher  grade. - 

Matanuska  Field 

^  In  t  he  present  fuel  situation  in  the  Territory 
the  Matanuska  coal  field  shares  pre-eminence 
with  the  Bering  River  field.  It  lies  northeast 
of  Knik  Ann,  a  northerly  embayment  of 
Cook  Inlet,  and  the  distance  from  the  nearest 
coal  to  Anchorage,  the  head  of  steamship 
navigation  on  Cook  Inlet,  is  about  50  miles. 

"The  coal-bearing  formation  has  been  traced 
for  about  40  miles  along  the  ^Matanuska  Val- 
ley, but  much  of  it  is  buried  under  a  heavy 
blanket  of  gravels.  The  known  area  is  about 
96  square  miles,  and  a  covered  and  unsur- 
veyed  area  of  about  52  square  miles  addi- 
tional may  be  underlain  by  the  same  forma- 
tion. The  total  area  that  may  be  underlain 
by  commercial  coal  consequently  aggregates 
about  148  square  miles. 

"The  commercial  coals  of  the  Matanuska 
field  range  from  lignite  or  subbituminous  to 
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semibituminous.  There  is  also  a  little  anthra- 
cite, but  it  is  probably  not  of  commercial 
importance.  The  supposedly  workable  beds 
range  from  5  to  25  feet  in  thickness. 

'^  Throughout  the  greater  part  of  the  Mata- 
nuska  Valley  the  structural  details  are  not 
known,  but  there  is  every  indication  that 
complex  structure  is  the  general  condition 
It  is  probable  that  there  are  areas  in  which 
the  structure  will  permit  the  mining  of  the 
coal,  but  also  that  there  are  larger  areas  in 
which  the  structural  conditions  will  make  the 
mining  of  the  coal  difficult  and  expensive, 
if  not  impossible.  It  will  probably  be  found 
that  where  the  structure  is  simple  the  coal 
is  of  low  grade. ^ 

i^TheMatanuskabranchof  the  Government 
railroad  was  completed  late  in  the  fall  of  1917, 
which  rendered  the  coal  available  for  exploi- 
tation. The  coal  on  Chickaloon  River  is 
being  mined  by  the  Alaskan  Engineering 
Commission.^" 

Alaska  Peninsula  Region 

-Coal  has  been  mined  for  many  years  at 
Chignik,  and  some  has  been  taken  out  at 
Herendeen  Bay  for  local  use,  but  the  total 
output  of  the  peninsula  does  not  exceed 
20,000  tons.  These  coal  fields  are  all  readily 
accessible  from  good  harbors  and  will  form 
one  of  the  early  available  fuel  assets  of  the 
Territory  when  the  demand  for  coals  of  this 
grade  warrants  their  exploitation.  Possible 
markets  .for  these  coals  may  be  found  along 
the  west  coast  of  Alaska. - 

Area  and  Tonnage  Estimates 

"Estimates  of  Alaska's  coal  resources,  ex- 
pressed in  tonnage,  are  given  in  Table  IV. 
Although  these  figures  are  of  some  value  to 
the  economist,  inasmuch  as .  they  serve  to 
indicate  the  minimum  quantity  of  fuel  which 


Alaska  can  fiu-nish,  yet  they  do  not  show  the 
ultimate  coal  resources  of  the  Territory. 

-Of  the  1210  square  miles  classed  as  coal 
land,  less  than  one  quarter  has  been  sur- 
veyed in  sufficient  detail  to  yield  any 
quantitative  data  whatever.  Even  where 
such  surveys  have  been  made,  a  large  factor 
of  uncertainty  is  introduced  either  by  the 
folded  and  faulted  condition  of  the  coal  beds 
or  by  the  lack  of  definite  knowledge  regarding 
sequence  of  strata.  There  must,  therefore, 
be  a  very  large  element  of  uncertainty  in  the 
tonnage  estimates  for  even  the  300  to  400 
square  miles  of  surveyed  coal  fields.  More- 
over, in  Alaska  there  are  almost  no  data 
available  from  private  sources,  such  as  the 
results  of  extensive  mining  or  prospecting 
operations,  which  form  an  important  element 
in  the  estimates  made  of  the  coal  resources  of 
the  States. 

-The  estimates  of  tonnage  in  Table  IV 
were  made  on  the  following  basis : 

(1)  No  beds  less  than  3  feet  thick  were 
assumed  to  be  workable  or  contributed  to 
the  tonnage. 

(2)  The  depth  of  workability  was  assumed 
to  be  3000  feet  for  the  highest  grade  coal 
(anthracite,  semianthracite,  semibituminous) ; 
2000  feet  for  the  better  bituminous  and 
subbituminous  coals,  such  as  those  on 
the  lower  Yukon,  at  Cape  Lisburne,  and  on 
Alatanuska  River;  and  1000  feet  for  the 
poorer  subbituminous  coals  and  all  the 
lignites. 

(3)  The  tonnage  was  computed  by  the 
formula:  Tonnage  =  area  of  bed  to  limit  of 
workability  (square  miles)  X  thickness  (inches) 
X  specific  gravity  X  72,600. 

(4)  The  specific  gravity  was  assumed  to  be 
1.30  for  lignite,  1.35  for  bituminous,  and 
1.38  for  the  higlj-grade  coals.- 


TABLE  IV 

ESTIMATE  OF  TONNAGE  OF   COAL   IN   ALASKA* 


AREA 

AMOUNT  OF 

COAL  IN  MILLIONS  OF  SHORT  TONS 

Surveyed 
Geolog- 
ically 
Approx. 
Per  Cent 

Coal  Fields 
Sq.  Miles 

'"" 

Lignite 

Sub- 
bitu- 

Bitu- 

c.~;        1    Anthra- 

?  ■                 cite  and           ^  ^  , 

Known 

Possible 

•?»'"-       i      slmi-            Total 
minous       anthracite  j 

Arctic  Slope 

Central  Province 

Pacific  Slope 

10 
15 
40 

312 
440 
458 

3,060 

4,500 
8,600 

1,000 

10,700 

2,175 

3,470 

58 

535 

is 

2 

66         

i;436     1    2;  130 

4,536 

10,773 

6,272 

Totals 

15 

1,210 

16,160 

13,875 

-  4,063 

17 

1,496     i  -2,130 

21,581 

>By  A.  H.  Brooks  and  G.  S.  Martin,  U.  S.  Geological  Survey,  1912. 
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-  In  none  of  the  Holds  was  llu-  coal  assuincil 
to  go  hcyoiul  points  where  it  is  shown  to  exist 
by  relial)le  information  from  members  of  the 
sur\'oy.  The  areas  useil  in  making  the  last 
class  of  estimates  are  eonseeiuenlly  \ery  small 
and  are  possibly  subject  to  an  immense  exten- 
sion in  the  light  of  subesquent  information. 

^  In  making  the  estimates  the  attempt  has 
been  made  to  err  on  the  conservative  side, 
and  thus  they  represent  minimum  rather  than 
maximum  ligures  in  each  case.  This  ma\' 
account  for  the  fact  that  thej-  indicate  an 
average  of  2t),()00  tons  to  the  acre  on  the 
Alaskan  coal  lands,  as  compared  with  32,()(J0 
tons  to  the  acre  in  the  coal  fields  of  the 
western  public  land  states.  On  the  other 
hand,  with  the  same  data  for  any  particular 
area,  the  coal  estimates  of  the  federal  geologist 
will  usually  exceed  those  made  by  the  mining 
engineer  for  private  interests.  The  reason 
for  this  lies  in  the  fact  that  the  geologist 
includes  in  his  estimate  all  the  coal  beds  of  a 
certain  thickness  and  to  a  certain  depth,  for 
it  is  his  purpose  to  present  figures  which  shall 
approximate  at  least  the  ultimate  coal 
resources  of  the  district  under  examination. 
The  mining  engineer,  on  the  other  hand,  is 
not  interested  in  the  ultimate  coal  recovery 
but  is  charged  with  the  duty  of  estimating 
the  quantity  of  coal  which  is  either  immedi- 
ately available  or  can  be  mined  under  condi- 
tions that  will  soon  arrive.  For  example,  a 
number  of  engineers  have  roughly  approxi- 
mated the  coal  of  the  Bering  River  field  at 
5t)(), 000, 00(1  tons,  and  these  figures  have  been 
widely  quoted.  This  estimate,  however, 
includes  only  the  coal  lying  above  water  level 
which  can  be  mined  without  hoisting.  The 
tonnage  estimate  of  the  Geological  Survey  is 
many-  tirnes  this  figure,  because  it  includes 
all  the  coal  lying  within  3000  feet  of  the 
surface.  It  should,  therefore,  be  borne  in 
mind  that  the  two  classes  of  estimates  are 
made  with  ver}^  different  purposes  and  do  not 
admit  of  direct  comparison." 

The  following  figures,  by  Campbell,  for  the 
coal  reserves  of  the  United  States  in  1917 
were  quoted  in  Parts  XX  and  XXI  of  this 
series.* 

Million  Tons 

United  States  including  Alaska 4,231,352 

United  States  within  6000  feet  of  surface  4,205,  lo-t 


Alaska 26,200 

Coal  production  of  United  States  to  date         10,000 

*  Gener.\l  Electric  Review.  August  and  September.  191S. 

t  Martin.  G.  C.  The  Petroleum  Fields  of  the  Pacific  Coast  of 
Alaska  :  Bulletin  U.  S.  Geological  Survey  No.  250.  1905;  Notes 
n  the  Petroleum  Fields  of  Alaska:  Bulletin  U.  S.  Geological 
Survey  No.  259.  1905.  pp.  128-139;  Geology  and  Mineral 
Resources  of  the  Controller  Bay  Region.  Alaska:  Bulletin, 
U.  S.  Geological  Survey  No.  335.  1908,  pp.  112-1,30. 


-In  considering  Taljje  iV  it  must  be  re- 
nuinbered  that  these  estimates  cover  only 
the  1210  S(|uare  miles  of  coal  lands,  namely, 
that  part  of  the  coal  fields  which,  with  a 
reasonable  degree  of  certainty,  is  believed 
to  be  underlain  by  workable  cf)al  beds.  No 
allowance  whatever  is  made  for  the  remainder 
of  the  1(),000  square  miles,  which  are  mapperl 
as  coal  fields.  The  po.ssibilities  of  finding  coal 
in  the  unsurveyed  districts  arc  also  ignored. 
Evidently,  therefore,  if  the  same  acre  tonnage 
holds  throughout  the  coal  fields,  these 
estimates  should  be  multiplied  by  ten.  Again, 
the  discovery  of  new  coal  fields  will  add  to  the 
tonnage.  It  is,  therefore,  probably  safe  to  say 
that  the  minimum  estimate  of  Alaska's  coal 
resources  should  be  placed  at  l.')0,000,OUO,0(JO 
tons  and  that  the  actual  tonnage  may  be 
many  times  that  amount. - 

Petroleum 

Some  iietroleum  has  been  found  in  Alaska. t 

-Oil  seejjages  occur  on  the  west  shore  of 
Cook  Inlet,  on  the  east  side  of  the  Alaska 
Peninsula,  and  on  Controller  Bay,  all  close  to 
tidewater  and  hence  offering  possibilities  of 
cheap  development. - 

There  are  a  few  wells  in  the  Controller  Bay 
district  from  each  of  which  six  or  eight  barrels 
of  petroleum  are  pumped  daily.  The  output 
is  distilled  at  a  small  plant  at  Katalla  which 
supplies  gasolene  and  distillate  for  the  local 
market  on  the  shores  of  Prince  William  Sound 
and  Cook  Inlet.  The  gasolene  is  in  demand 
for  operating  launches.* 

The  development  of  Alaskan  petroleum 
resources,  even  though  they  be  of  very 
limited  extent,  may  help  to  supply  the  local 
requirements  of  the  territory  for  fuel  oil, 
kerosene,  and  gasolene.  It  will  avoid  the 
necessity  of  shipping  oil  from  California. 

TRANSPORTATION  AND   MARKETS  FOR 
THE  COAL 
The  Consumption  of  Fuel  in  Alaska 

Though  something  has  been  known  of 
Alaskan  coal  for  more  than  sixty  years,  the 
amount  of  actual  mining  has  been  insignifi- 
cant as  is  shown  in  Table  V. 

In  addition  to  the  coal,  Alaska  is  also  a 
large  consumer  of  fuel  oil  and  gasolene  as 
can  be  seen  from  Table  VI.  "This  oil  is 
shipped  to  all  settled  parts  of  the  Territory, 
including  the  interior  and  Seward  Peninsula. 
It  is  used  by  many  small  mining  plants  in 
Seward  Peninsula,  by  the  Yukon  River 
steamers,  and  very  extensively  for  launches 
and  small  vessels  throughout  the  seaboard." 
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Some  parts  of  the  Territory  have  abundant 
supplies  of  firewood,  especially  along  the 
coast  of  southeastern  Alaska.  This,  however, 
is  not  the  case  as  one  proceeds  further  north 
into  the  interior,  and  north  of  the  Arctic  Circle 
there  are  no  forests.  The  forests  in  the 
neighborhood  of  many  interior  mining  dis- 
tricts cannot  long  stand  the  drain  upon  their 
timber  resources. 

The  principal  uses  for  fuel  in  Alaska  have 
been  for  heating,  for  transportation,  and  for 
power  used  in  mining  operations,  especially 
placer  mining,  and  in  fish  canneries  along  the 
coast. 

^  Practically  no  coal  is  imported  into  the 
interior  except  a  little  used  for  blacksmithing 
purposes,  on  which  the  freight  alone  was  $75 
a  ton  (in  1909).= 

In  southeastern  Alaska  a  few  hydro- 
electric plants  supply  power  for  mining  and 
other  purposes. 


just  west  of  Cordova.  This  arrangement 
would  eliminate  the  expensive  transportation 
of  ore  to  Tacoma.  There  are  many  indi- 
cations of  copper  ore  throughout  this  entire 
district  so  that  there  are  opportunities  for 
further  development  in  this  industry. 

TABLE  VIi« 

PETROLEUM   PRODUCTS   SHIPPED   TO 

ALASKA   FROM   OTHER   PARTS 

OF   THE   UNITED   STATES 


Year 


Fuel  oil 

Crude  oil 

Gas  oil 

Residuum 

Gasolene,  naphtha,  etc. 

Kerosene 

Lubricating  oil 


1917  Gallons 


23,971,114 

3,256,870 
750,238 
465,693 


194,785,913 

21,511,481 
7,909,276 
2,260,417 


Smelting  Alaskan  Ore 

Table  VII  gives  the  output  of  copper  ore 
from  the  three  districts  where  mines  have  been 
developed.  The  ore  is  now  shipped  to  smelters 
in  Tacoma,  and  the  figures  indicate  what  a 
large  saving  in  freight  will  result  from  the 
erection  of  smelting  works  in  Alaska. 

Ore  from  the  Chitina  district  is  shipped  to 
Cordova  over  the  Copper  River  &  North- 
western Railroad,  and  then  by  vessels  to 
Tacoma.  The  other  mines  are  located  near 
tide  water.  The  Bering  River  coal  field  is  east 
of  this  railroad,  and  a  branch  line  is  planned 
which  will  tap  the  western  part  of  this  field. 
It  will  leave  the  main  line  about  33  miles  from 
Cordova,  and  will  bring  the  coal  to  that  port 
over  a  78  mile  rail  haul. 

Smelters  erected  near  Cordova  would  be 
able  to  take  care  of  the  ore  brought  down 
over  the  railroad  as  well  as  ore  from  the 
mines  on  the  shores  of  Prince  William  Sound, 


Another  railroad  is  under  construction  from 
Controller  Bay  to  the  eastern  part  of  the 
Bering  River  coal  field.  This  railroad  will 
be  28  miles  long  and  is  being  built  by  the 
Alaska  Petroleum  and  Coal  Co.  Coal  can 
be  transported  in  barges  to  Cordova  or  other 
ports  along  the  coast. 

^  Some  iron  exists  in  the  Pacific  states,  and 
there  are  numerous  indications  of  its  presence 
in  Alaska,  although  commercial  development 
there  is  as  yet  practically  negligible.' 

'"  Development  of  the  copper  lodes  of  the 
Ketchikan  district,  particularly  on  the  Kasaan 
Peninsula  has  led  to  the  uncovering  of  large 
bodies  of  magnetic  iron  ore  at  a  number  of 
places.  This  magnetite,  which  contains  in 
general  about  0.5  per  cent  of  copper,  has 
hitherto  been  regarded  only  as  a  low-grade 
copper  ore.  Attention  has  recently  been 
redirected  to  these  ores  as  a  source  of  iron. 
Magnetic  separation  should  yield  a  high-grade 


TABLE  V* 
COAL  CONSUMED   IN  ALASKA  IN   SHORT  TONS 


Year                                          , 

Produced 
in  Alaska 

Imports 
from  U.  S.t 

Imports, 
Foreign! 

Total 
Consumed 

1888-1914,  inclusive .?...'. 

1899-1914,  inclusive ';■ .' 

1915                                         ... 

48,527 

1,400 
13,073 
53,955 
75,600 

626,155 
46,329 
44,934 
58,116 
51,520 

1,075,134 
29,457 
53,672 
56,589 
37,986 

1,740,258 
77  186 

1916 

111,679 
168,660 
165,112 

1917 

1918 

*  Comjiiled  from  reference  (10)  ■ 
t  Principallv  from  Puget  Sound. 
t  Principally  from  British  Colur 


ith  the  addition  of  figures  for  1918  from  U.  S.  G.  S. 
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irmi  oro  aiul  a  \alualiU'  1>\ -pi-ndiu'l  nl'  rlial- 
c<)|)_\TiU'  to  |ia\'  lur  llu-  I'ust  of  si'paraliim. 
Plans  for  tililizini;  tlu'si'  iron  ores  arc  now 
boiiiK  consi(li.'riHl."' 

Willi  llu-  iinpi-ii\i.Mnenl  of  the  Iraiispor- 
talion  s\sU'ni  iluTc  will  ho  opportunities  to 
smelt  the  iron  and  other  nietallie  ores  in 
Alaska.  "Iron  smeltini;  has  only  reeently  been 
begun  on  a  larj^e  sealo  on  the  Paeilic  eoasl, 
but  the  plant  now  established  on  Puget  Sound 
is  luidoubtedly  the  forerunner  of  others  to 
follow.  The  raw  materials  are  available,  for 
iron  occurs  in  a  number  of  districts,  and 
Alaska  can  supply  the  coke.  Moreover,  the 
market  for  iron  is  growing  rapidly.  It  was 
estimated  ten  years  ago  that  the  Pacific 
coast  used  annually  more  than  a  million  tons 
of  raw  and  manufactured  iron,  nearly  all  of 
■which  was  brought  from  the  East  or  imported. 
If  this  iron  were  smelted  on  the  Pacific 
seaboard,  it  would  afford  a  market  for,  sav, 
2,000,000  tons  of  coking  coal.- 

Utilizing  Lignite  for  Smelting  Copper 

The  lignite  in  the  more  accessible  fields, 
such  as  those  on  Cook  Inlet  and  the  Nenana 
River,  is  of  good  quality  as  can  be  seen  from 
Table  III.  The  moisture  content  is  not 
excessive,  and  it  should  be  possible  to  burn 
it  on  grates  or  in  pulverized  form.  The  latter 
method  should  be  particularly  applicable  to 
the  smelting  of  copper  ore.  Fine  ore  is  being 
smelted  in  reverberatory  furnaces  fired  with 
pulverized  coal  at  several  large  plants.  Lump 
ores  of  copper  are  usually  smelted  in  blast 
furnaces  with  coke.  Recently  it  has  been 
found  practicable  to  reduce  the  coke  added 
to  the  charge  by  one  half,  and  to  supply  the 
other  half  of  the  required  heat  by  feeding 
pulverized  coal  in  with  the  air  blast  and 
burning  it  in  the  voids  of  the  charge.  Where 
coke  is  expensive  this  results  in  a  considerable 
reduction  in  the  cost  of  fuel. 

If  smelters  were  located  at  lignite  mines  on 
the  shores  of  Cook  Inlet  the  copper  ore  could 
be  shipped  to  them  in  barges  from  places 
along  the  coast.  The  use  of  coke  could  be 
avoided  by  crushing  lump  ore  to  a  size 
which  could  be  smelted  in  reverberatory 
furnaces. 

The  blast  furnace  is  more  eflScient,  how- 
ever, and  with  the  advances  being  made  in 
methods  for  carbonizing  coal  and  lignite  it 
m.ay  be  possible  to  briquet  the  product  as  a 
substitute  for  coke.  The  rich  by-product  gas 
might  be  burned  in  the  voids  of  a  blast  fur- 
nace charge,  just  as  has  been  done  with 
pulverized  coal. 


Tilt-  Yukon  Valley 

The  present  outlets  from  the  ^'ukon  region 
are;  (I)  From  St.  Michael  on  Uering  Sea, 
near  the  mouth  of  the  Yukon,  where  the  river 
steamers  connect  with  ocean  steamers  for  Seat- 
tle, which  is  distant  nearly  2.">()0  nautical  miles. 
(2)  I'Vom  White  Morse,  \'ukon  Territory, 
Canada.  This  latter  is  at  the  head  of  na\i- 
galion  on  a  tributary  of  the  Yukon  River. 
Steamers  connect  there  with  the  While  Pass 
and  Yukon  Railway,  a  narrow  gauge  line  to 
that  jjart  of  Skagway  at  the  head  of  the 
inlanti  i)assagc.  The  islands  along  the  coast 
of  southeast  Alaska  and  British  Columbia 
provide  a  sheltered  waterway  to  Puget 
Sound.  The  distance  from  Skagway  to 
Seattle  is  about  1000  miles.  Ci)  From  Fair- 
banks to  X'aldez,  on  Prince  William  Sound, 
by  government  wagon  road. 

The  rivers,  of  course,  are  only  navigable 
during  the  summer  season  and  it  is  an  1100 
mile  journey  by  river  steamer  from  Fair- 
banks down  the  Tanana  and  Yukon  Rivers 
to  St.  Michael,  and  nearly  l.)00  miles  up  the 
Yukon  to  White  Horse. 

Fairbanks  is  the  center  of  the  most  impor- 
tant gold  mining  district  in  the  interior  of 
Alaska.  "The  development  of  the  mining 
industry,  however,  has  been  greatly  retarded  by 
the  high  price  of  fuel.  Many  valuable  placer 
claims  along  the  creeks  are  simply  waiting  for 
cheaper  fuel  to  be  extensively  developed.  The- 
fuel  now  used  is  wood,  and  the  annual  con- 
sumption is  about  100,000  cords.  Great 
quantities  are  used  in  placer  mining,  where  all 
gold  bearing  gravels  must  be  thawed  at  all 
seasons.  Wood  suitable  for  fuel  is  rapidly 
disappearing,  and  in  some  localities  it  costs 
•SIO  a  cord,  owing  to  the  long  haul.  It  is 
estimated  that  with  cheaper  fuel  large  areas 
of  lower  grade  placers  can  be  worked  to  advan- 
tage, as  well  as  various  lode  mines. 

^Agricultural  development  in  the  Tanana 
Valley,  in  the  vicinity  of  Fairbanks,  is  much 
further  advanced  than  in  other  parts  of 
Alaska.  Owing  to  the  cost  of  shipping  com- 
modities in  from  the  outside,  the  farmers 
find  a  ready  market  for  all  the  foodstuff's  they 
can  raise.' 

The  Government  Railroad 

Fairbanks  will  be  the  inland  terminal  of  the 
new  government  railroad  from  Seward.  This 
line  will  pass  through  the  edge  of  the  Nenana 
lignite  field,  and  will  m_ake  it  possible  to 
supply  the  Tanana  Valley  with  good  fuel  at  a 
reasonable  cost.  It  is  estimated  that  one  ton 
of  this  lignite  is  the  equivalent  of  two  cords  of 
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sprin'i',  wliii'li  imaiis  thai  .")(),()()()  tons  will  \tv 
reiiuiivd  Id  i-i'piiu-c  the  wood  fuel  uiuuially 
consunieil,  and  as  much  lunrr  as  an  cxpaiuiiuK' 
market  can  ahsdrb. 

Seward,  llie  ocean  terniiiuis  of  the  railroad, 
is  located  on  Rcsurreelion  Ha\',  which  is  a 
larjje  landlocked  (lord,  as  can  l)e  seen  from 
Fifjs.  4  and  .'i.  This  line  was  commenced  in 
1904  by  i)rivatc  capital  under  the  name  of  the 
Alaska  Central  and,  later,  the  Alaska  North- 
ern Railroad.  It  crosses  the  Kenai  Mountains 
and  descends  to  Tunuijjain  Arm  of  Cook  Inlet. 
Here  it  stopped  for  lack  of  funds  until  pur- 
chased by  the  Government  in  19  Hi.  Table 
VIII    contains    information    rejjjarding    dis- 


tances,  elevations,   and   the   proj^ress  of   the 
work. 

The  Malanuska  coal  fields  branch  is  in 
iipcralir)n  and  can  haul  coal  to  Anchorage, 
where  facilities  for  shipi>iiiK  coal  can  be 
provi<le(i.  Anchorajje  is  located  on  Knik 
Arm  at  the  head  of  navigation  on  Cook  Inlet. 
It  has  certain  disadvanta^;cs  as  a  harbor,  in 
that  the  tides  in  Knik  Arm  have  a  maximum 
rantje  of  40  feet  Kivin^  rise  to  strong  currents. 
It  will  be  necessary  to  dredge  out  a  pro- 
tected basin  for  loading  vessels.  During  four 
or  five  months  in  winter  the  tides  dislodge  ice 
from  the  flats  at  the  head  of  the  Arm,  and  this, 
drifting  in  the  swift  currents,  may  interfere 


TABLE  VII'"  " 

OUTPUT  OF  ALASKA  COPPER   MINES 


1917 

1918 

District 

Mines 

Ore, 
Tons 

Copper, 
Tons 

Mines 

Ore,                 Copper, 
Tons                  Tons 

Ketchikan 7 

Chitina ,            3 

Prince  William  Sound 7 

41,060 
267,541 
351,356 

1,323 

35,293 

7,780 

6 

4 
4 

8,905 

26,293 

7,530 

Totals 1          17 

659,957 

44,396 

14 

720,000 

42,728 

TABLE  VIII* 
DISTANCES  AND  ELEVATIONS  ON  THE  NEW  GOVERNMENT  RAILROAD 


Distance 

from  Seward 

in  Miles 


Progress 


Seward 

First  Summit 

Kenai  Lake 

Second  Summit 

Twenty  Mile  River  (on  Turnagain  Arm) 

Anchorage 

Summit 

Matanuska  Junction 

Chicaloon  (end  of  branch  to  Matanuska  coal  fields) 

Main  line  up  Susitna  Valley: 

Completed  to ' 

Building  to j 

Broad  Pass 

Healy  Fork  (Nenana  coal  fields) | 

Nenana  (on  Tanana  River) I 

Junction  with  Tanana  Valley  R.  R I 

Fairbanks i 

Tanana  Valley  R.  R.  (3-f  t.  gauge) :  'From 

Chatanika  (up  north) I 

Chena  (on  Tanana  River) j 

Portage  Bay  Branch: 

Twenty  Mile  River 

Tunnel  5000  ft.  long 

Tunnel  13,000  ft.  long 

Portage  Bay 


0 

20 

Operating 

12 

700 

Operating 

18 

450 

Operating 

45 

10,0 

Operating 

65 

40 

Operating 

114 

150 

Operating 

119 

240 

Operating 

149 

50 

Operating 

187 

983 

Operating 

220 

Operating 

265 

Building 

313 

3030 

Surveved 

360 

1600 

Sun-eved 

394 

880 

Building 

468 

Building 

475 

500 

Operating 

Main  Line 

35 

Operating 

0 

Operating 

0 

40 

■     Surveyed 

6 

100 

Surveved 

8 

170 

i     Surveyed 

12 

20 

Surveyed 

'  Compiled  from  data  in  referen 


(8>. 


5.32     July,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol,  XXII,  No. 


with  navigation  for  periods  of  several  days  at 
a  time. 

Seward  is  available  as  a  winter  port,  but  an 
inspection  of  Tables  VIII  and  IX  shows  that 
it  is  heavily  handicapped  by  the  longer  haul 
which  involves  crossing  two  summits  in  the 
Kenai  Mountains. 

An  ideal  winter  port  can  be  developed  at 
Portage  Bay,  which  is  at  the  head  of  a 
narrow  fiord  known  as  Passage  Canal.  This 
opens  into  Prince  William  Sound  and, 
together  with  Turnagain  Arm,  nearly  cuts  off 
the  Kenai  Peninsula  from  the  mainland.  The 
isthmus  is  less  than  ten  miles  wide,  and  the 
two  fiords  are  connected  by  a  valley  which 
cuts  through  the  Kenai  Mountains  and  pro- 
vides a  water  grade  route  over  which  a  branch 
line  can  be  built.  There  is  one  obstacle,  how- 
ever; a  glacier  flows  into  the  valley  from  the 
mountains  on  the  south  side,  and  com- 
pletely fills  it  with  ice.  This  will  necessitate 
the  construction  of  two  long  tunnels  through 
mountain  spurs  on  the  north  side,  and  the 
expense  involved  will  delay  this  undertaking 
until  the  coal  traffic  warrants  it. 

The  railroad  has  already  provided  access  to 
lands  having  great  agricultural  possibilities 
in  the  Matanuska  and  Susitna  Valleys,  and 
there  is  considerable  timber  along  the  route. 
There  are  gold  placers  and  lode  ores  in  the 
Kenai  mountains,  and  in  the  foothills  of  the 
Alaska  range.  This  range  includes  some  of 
the  highest  mountains  on  the  continent,  and 
the  railroad  crosses  it  at  Broad  Pass,  70 
miles  east  of  Mt.   McKinley,   and  descends 


into  the  Tanana  Valley.  A  local  narrow-gauge 
railroad  has  been  acquired  as  a  feeder  to  serve 
mining  districts  north  of  Fairbanks.  The 
output  of  the  gold  mines  in  this  region  is 
about  $2,5000,000  annually.*  The  avail- 
ability of  fuel  will  encourage  the  develop- 
ment of  the  territory  along  the  entire  500 
miles  of  line. 

Export  Market 

'  The  possible  markets  for  Alaskan  coal  are, 
first,  within  the  Territory  itself,  where  it  can 
effectually  shut  out  the  imported  fuels; 
second,  in  the  Pacific  states  and  territories. 
It  is  improbable  that,  under  the  estimated 
cost  of  mining,  Alaskan  coal  can  com.pete 
in  foreign  markets. 

-  The  present  Alaskan  market  cannot  sup- 
port the  large  coal-mining  industry  which  will 
be  necessary  to  assure  economic  operations. 
Consequently  Alaska  coal  will  have  to 
invade  fields  already  supplied  from  other 
sources  and  come  into  direct  competition 
with  that  which  is  mined  in  more  accessible 
and  more  favored  regions. 

"  The  west  coast  is  now  chiefly  supplied 
from  the  Washington  and  British  Columbia 
fields.  The  fields  of  California,  Oregon,  and 
the  Rocky  Mountains  also  supply  some  coal, 
as  do  those  of  New  South  Wales,  Australia. 
Anthracite  is  brought  from  Pennsylvania, 
and  during  the  last  few  years  the  Pacific  fleet 
has  been  supplied  from  the  New  River  and 
Pocahontas  fields  of  West  Virginia.  Belgian 
coal  in  the  form  of  coke  also  found  its  wav  to 


TABLE  IX* 

HARBORS  AVAILABLE  FOR  EXPORTING  COAL 


Distance 
from 
Coal 
Fields 

in  Miles 


Ruling 

Southbound 
Per  Cent 


Distance 

from  Tidal 

Seattle.  Range 

Nautical    i     in  Feet 

Miles 


From  Matanuska  Field: 
Anchorage,  on  Knik  Arm  of 

of  Cook  Inlet 53-75 

Portage  Bay,  on  Prince  Wil- 
liam Sound 112-134 

Seward,     on     Resurrection 

Bay I  165-187 

From  Bering  River  Field: 

Controller  Bay,   on  Pacific 

Coast ' 28 

Cordova,  on  Orca  Inlet. ...  I       78 


0.4 
2  2 


(Building) 

(C.R.&N.  W.Ry. 
&  branch  line) 


1240 
1235 

1134 
1220 


9.6 
11.0 

10.0 
13.0 


Tidal  channel  and'Frequent 
excavated  basin    l   drift  ice 


Deep  Fiord 
Deep  Fiord 


In  one 
None 


Tidal    channel    inOccasional 

mud  fiats  drift  ice 

Landlocked  bav      iNone 


*  Compiled  from  data  in  reference  (8). 
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the  I'tK'ilic  cuasl  before-  ihc  war,  and  in  suiiif 
>oars  tliorc  has  liocii  a  cdiisiderahlo  ini])<)r- 
talioii  of  japaiK'so  and  Uritish  coals.  It 
would  ai)i)ear  al  (irst  sij;ln,  llKTcforc.  thai 
the  inarkel  is  under  slronj,'  eonipetilioii, 
especially  in  view  of  the  larj^e  consumption 
of  fuel  oils.  As  a  matter  of  fact,  the  i)rice  of 
coal  on  the  coast,  except  in  some  jiortions 
of  the  area  in  proximit\-  to  domestic  fields, 
has  always  been  very  hij,di-  The  Washinj,'ton 
fields  supply  not  much  more  than  enou<,'h  for 
the  markets  of  that  state,  and  the  foreij^n 
coals  formerly  dominated  the  California  mar- 
ket.= 

The  map  of  the  coal  fields  of  the  United 
States,  in  Part  XXI*  of  this  series,  shows  the 
scarcity  of  coal  resources  in  California, 
Oregon,  and  Nevada. 

Table  X  shows  the  imports  of  coal  into  the 
Pacific  States  and  Territories,  as  well  as  the 
production  of  coal  in  these  states  in  1911  and 
1913.  The  imports  reached  their  maximum 
in  1911  and  have  since  declined.  The 
statistics  for  1913  indicate  the  business  before 
shipping  was  withdrawn  for  war  purposes. 

-  The  production  of  the  California  oil  fields 
during  the  last  two  decades  has  been  the 
controlling  factor  in  the  coal  trade  of  the 
Pacific    seaboard.       Coal    consumption    has 

♦General  Electric  Review.  September,  1918. 


increased  somewhat,  yet  not  in  anything;  like 
tin-  ratio  of  the  iietroleum  consumption.' 

Table  XI  gives  a  comparison  of  semi- 
biiuniinus  coal  from  the  .\lal;inuska  field  with 
the  best  coals  now  asailable  on  the  Pacific 
coast.  This  sample  of  Matanuska  coal  is 
representative  of  a  shijiment  of  800  tons 
which  was  used  in  making  steaming  tests  on 
the  U.S.S.  Maryland^  It  was  found  to  be  an 
excellent  coal  for  naval  purjxjses.  Low- 
volatile  coal  is  also  preferable  for  firing  the 
boilers  on  merchant  vessels. 

-  The  coal  consumption  of  the  State  of 
^Vashington  has  probably  less  bearing  on  the 
question  of  markets  for  Alaskan  coal,  because 
in  this  state  there  would  be  very  strong 
competition  with  the  local  fields.  At  the 
same  time,  the  Alaskan  coal  is  of  so  much 
higher  grade  than  the  average  of  that  from 
Washington  fields  that  for  some  purposes  it 
would  dominate  the  market,  provided  it 
could  be  sold  at  competitive  prices,  consider- 
ing the  relative  fuel  values.  This  is  particu- 
larly true  of  the  coal  used  for  ocean  vessels. 

-The  California  market  seems  to  afTord 
one  of  the  best  outlets  for  Alaskan  coal. 
The  California  coal  so  far  produced  has 
been  entirely  lignitic,  but  there  are  some 
bituminous  coals  in  the  state  w^hich  will 
some  time  supply,  in  part  at  least,  the  local 


TABLE  X- 
CONSUMPTION  OF  COAL  AND  COKE  ON  PACIFIC  COAST 


Alaska 

Hawaii 

California 

Oregon 

Washington 

Total  imports 

Coal  equivalent  to  coke  (1.51  tons  to  1  of  coke) .  . 

Equivalent  imports 

Coal  brought  into  California  by  rail 

Eastern  coal  shipped  to  San  Francisco  by  water. 
Coal  used  by  Navy 

Imports  from  foreign  and  domestic  sources. 
Production  of  coal: 

California 

Oregon ; 

Washington 

Total  production 


AMOUNT  IN  SHORT  TONS 

1911 

1913 

Coal 

Coke 

Coal 

Coke 

88,500 
79,200 

483,000 
33,200 

100,200 

1,135 

109,400 

5,450 

1,175 

67,900 

127,000 

279,000 

3,250 

67,600 

49,500 

3,130 

670 

784,100 

177,000 
961,100 

90.000 
142.000 

117,160 

544,750 

80,500 
625,250 
363,120 
136,740 
142,000 

53,300 

(In  1912) 
(Average   per 
year) 

1,193,100 

10,750 

46,660 

3,572,815 

1,267,110 

24,840 

46,060 

3,877,890 

3,630,225 

3,948,790 
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market.  The  extent  of  these  fields  is  not  such 
as  to  lead  to  the  belief  that  they  will  afford 
serious  competition  with  the  Alaskan  coal. 
Oregon  also  has  no  very  extensive  coal  fields, 
nor  is  the  coal  of  a  high  grade. 

^It  is  estimated  that  Cahfornia  annually 
consumes  300,000  to  400,000  tons  of  coal 
from  the  Rocky  Mountain  fields.  This  comes 
chiefly  from  New  Mexico  and  seems  to  be 
largely  used  for  domestic  fuel.  It  appears  that, 
because  of  the  long  railway  haul  and  the 
comparatively  inferior  quality  of  this  coal, 
it  is  not  likely  to  stand  competition  with  the 
Alaskan  coal  in  the  coast  towns  of  Cali- 
fornia. 

-  The  consumption  of  coke  forms  a  very 
important  feature  of  the  possible  market  for 
Alaskan  coal.  As  already  indicated,  both  the 
Matanuska  and  Bering  River  fields  include  a 
considerable  amount  of  good  coking  coals. 
Vancouver  Island  supplies  most  of  the 
imported  coke,  but  some  metallurgical  proc- 
esses requiring  coke  of  a  high  grade  have 
used  Belgian  coke. 

"  The  consumption  of  anthracite  has  been 
srnall,  chiefly  on  account  of  its  high  price. 
This  market,  at  least,  there  is  little  question 
that  the  Alaskan  field  will  control. 

^  Of  the  foreign  competing  fields  those  of 
Vancouver  Island  are  nearest  and  have  a 
higher  grade  coal  than  any  others.  They  are, 
moreover,  close  to  tide-water,  and  the  cost  of 
mining  should  be  less  than  in  the  Alaskan 
fields.    The  local  demand  for  the  Vancouver 

*  This  railway  has  now  been  in  operation  for  several  years. 


Island  coal  will,  however,  be  much  greater 
when  the  Grand  Trunk  Pacific  Railway*  is 
completed,  and  it  may  be  that  this  domestic 
market  will  absorb  the  entire  product  of  these 
collieries. 

"The  New  South  Wales  coal  fields  of 
Australia  will  probably  continue  to  be  com- 
petitors in  the  west  coast  market,  as  they 
were  before  the  war.  Some  of  these  fields 
lie  close  to  tide-water  but  the  quality  of 
the  coal  is  inferior  to  that  of  Alaska. 
With  cheap  return  freight  rates  offered  by 
vessels  carrying  wheat  to  Australia,  the 
New  South  Wales  coal  may  be  able  to 
compete  with  Alaskan  coals  in  the  Cali- 
fornia market." 

When  vessels  are  available  coal  can  be 
shipped  from  the  Appalachian  fields  to 
California,  as  return  cargo,  through  the 
Panama  Canal.  So  it  also  remains  to  be  seen 
whether  coal  from  the  Matanuska  or  Bering 
River  fields  can  compete  with  New  River  or 
Pocahontas  coals  shipped  from  Hampton 
Roads. 

For  steaming  purposes,  however,  there 
would  seem  to  be  a  good  opportunity'  for 
shipping  carbonized  lignite  from  mines  on 
the  shores  of  Cook  Inlet,  for  use  as  powdered 
fuel  on  the  Pacific  coast.  The  conditions  will 
continue  to  grow  more  favorable  for  this  as 
California  petroleum  increases  in  price,  and 
as  more  economical  carbonizing  processes 
are  developed.  Low-grade  Mexican  oil,  how- 
ever, may  be  shipped  through  the  Panama 
Canal,  and  this  ma}'  temporarily  delay  the 


ANALYSIS  OF   MATANUSKA   COAL,   COMPARED   WITH   OTHER   COALS  AVAILABLE 

ON   PACIFIC  COAST 


Matanuska  (semi-butiminous) . 
British  Columbia: 

High  volatile 

Low  volatile 

Washington: 

Pierce  County 

King  County 

AustraHa 

Eastern  semi-bituminous: 

Pocahontas,  Va 

New  River,  W.  Va 

Maryland  and  Pennsylvania 


Moisture 
is  Received 
Per  Cent 


DRY,  BASES 


2.7 

1.7 

3.0 
0.0 
2.6 

2.5 
2.5 
2.5 


40.0 
24.0 

40.0 
41.0 
42.1 

17 
19 
19 


47.5 
61.1 

49.0 
47.0 
51.9 

76.5 
76.0 
73.0 


12.5 
14.5 

11.0 

12.0 

6.0 


5.0 
8.0 


1.1 
0.5 

0.9 
0.8 
0.8 

0.6 
0.6 
1.2 


.  DRY  BASIS 


13,925 

12,790 
13,125 

13,350 
12,400 
14,145 

14,700 
14,900 
14,350 


i)i':vi':i.()i>Mi:N"rs  i\  s\\  riciiiutARD  ai'I'Aratus 


.j-j.") 
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Developments  in  Switchboard  Apparatus 


STANDARD  UNIT  RELAYS 


Plunger  Type  for  Overload  Protection 

The  standard  unit  plunger  type  overload 
relay  shown  in  Figs.  1  to  3  represents  in 
several  respects  a  very  distinct  advancement 
in  relay  design. 

The  new  relay  retains  all  the  good  features 
of  the  older  types  and  has,  in  addition,  many 
decided  improvements.  Both  mechanical  and 
electrical  characteristics  are  better.  The 
number  of  parts  used  has  been  materially 
reduced,  and  these  are  simple,  strong,  and 
interchangeable. 

Standardization  has  been  carried  to  unusual 
lengths.     Instantaneous,    inverse    time-limit 


and  definite  time-limit  relays  are  alike  as 
far  as  external  appearances  are  concerned. 
All  relays  are  made  from  the  same  general 
parts,  consequent!}'  any  one  of  three  types 
can  be  converted  into  any  one  of  the  other 
two  by  adding  or  omitting  the  bellows,  or 
by  changing  the  spring  in  the  barrel  which 
carries  the  moving  contact  mechanism. 

The  bellows  is  of  greater  diameter  than 
on  the  older  type  relay,  and  the  stroke  is  also 
slightly  greater,  so  that  the  amount  of  air 
to  be  displaced  in  the  operation  of  the  relay 
is  considerably  increased.  This  produces 
better  and  more  nearlv  uniform  results. 


Fig.   1.     Standard  Unit  Tii 

Limit  Overload  Relay, 

Type  PQ 


Fig.   2.     Standard  Unit  Tii 

Limit  Overload  Relay. 

Type  PQ-3 


Fig.  3.    Standard  Unit  Instan- 
taneous Overload  Relay, 
Type  PQ 
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The  bellows  support  is  tapped  and  plugged 
for  a  separate  device  which  can  be  furnished 
in  case  a  quick  resetting  feature  is  desired. 

The  fixed  contacts  may  be  adjusted  to  give 
simultaneous  contact  on  both  sides. 

The  carbon  cone  on  circuit-closing  relays 
is  so  held  that  it  cannot  get  out  of  adjustment ; 


it  is  simply  necessary  to  push  up  on  the 
calibrating  screw  and  turn  it.  After  the 
relay  is  adjusted  this  locking  feature  returns 
automatically  to  the  locked  position. 

The  relays  are  built  single-pole  only  and  for 
the  control  of  one  circuit,  circuit-closing  and 
circuit-opening.      When  two  or  more  circuits 
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neither  can  it  be  assembled  incorrectly  as 
regards  adjustment. 

The  fixed  contacts  can  be  removed  simply 
by  the  removal  of  the  two  holding  screws. 

The  plunger  rod  with  collars  is  made  in  one 
solid  piece  which  gives  strength  and  assurance 
of  position. 

The  stop  of  the  plunger  rod  is  adjustable 
so  that  the  shape  of  the  curve  of  the  definite 
time  limit  relay  can  be  altered  to  a  certain 
extent.  This  stop  also  makes  it  possible  to 
produce  a  definite  minimum  time  on  the  time 
current  curve  of  in^'erse  time  limit  overload 
relays. 

The  relay  cover  has  a  large  glass  window 
so  that  casual  inspection  can  be  made  without 
removing  the  cover. 

The  relay  is  dustproof,  both  with  respect 
to  the  upper  portion  and  to  the  coil  and 
calibrating  details.  All  slots  are  filled,  and 
a  shutter  on  the  calibrating  tube  when  turned 
completely  prevents  the  entrance  of  foreign 
matter. 

The  operating  coil  can  be  removed  without 
disturbing  the  upper  parts  of  the  relay. 

A  punched  tongue  in  the  calibrating  tube 
which  enters  a  slot  in  the  plunger  itself  is 
used  to  prevent  the  plunger  from  turning. 
This  means  it  is  impossible  for  this  piece  to 
come  out  or  interfere  with  the  operation 
of  the  device. 

The  calibration  is  locked  by  means  of  a 
slotted  member  which  is  held  in  position  by  a 
spring.     In  order  to  change  the  caHbration 


are  to  be  controlled,  auxiliary  relays  should 
be  used  and  connected  as  shown  in  Fig.  4. 

For  a  double-pole  relay,  two  standard  units 
are  required;  for  a  triple-pole  relay,  three 
anits,  etc. 

Accuracy  is  not  affected  by  commercial 
variations  of  frequency. 

An  Auxiliary  Relay  for  Many  Purposes 

The  possibilities  of  the  recently  developed 
auxiliary    relay   shown   in   Fig.    5    are    very 


Auxiliary  Relay,  Type  HG 


extensive.  In  general,  it  can  be  used  on 
any  direct-current  circuit  to  close  or  open 
automatically  a  direct  or  alternating-current 
circuit  of  small  capacity  up  to  600  volts. 
When  the  operating  coil  is  energized  the  relay 
contacts  close,   and  when  current  is  cut  off 


l)i;\'i:i.()|'Mi;\TS   I\  SWITCllliOARI)  AI'I'ARATL'S 
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ihf  riiil  iIk-  annaluri'  falls  l)\-  Ki'ii^il-y  assisU-d 
by  the  spriiij;  aclinn  of  bronze  movable  coii- 
Uuis  which  are  under  i)ressure  when  eloseil. 

A  few  uses  of  the  auxiliary  rela\'  are  shown 
in  Fij;s.  tJ  lo  !). 

Fijj.  G  siiows  IJie  auxiliar\-  relay  used  in 
connection  wilii  an  overload  relay  to  relie\'e 
the  contacts  of  the  latter  from  making  "r 
breakinjj  a  comparatively  larj^e  current. 
This  is  the  usual  connection  for  the  auxiliary 
rela\'  when  used  as  a  control  or  a  sij;nal  relay. 

Fig.  7  shows  three  auxiliary  relays  with  the 
coils  in  series  as  used  to  control  the  automatic 
opening  and  closing  of  several  circuits, 
depending  on  the  operation  of  a  master  relay 
which  may  function  on  overload,  re\-erse 
power,  or  other  abnormal  circuit  condition. 
This  is  a  scheme  used  when  the  simultaneous 
tripping  of  several  breakers  is  desired. 

Fig.  S  shows  an  auxiliary  relay  used  to 
seal  in  a  circuit  made  by  another  relay 
so  that  once  current  is  thrown  on  the  tripping 
coil  of  an  oil  circuit  breaker,  this  current  will 
rem.ain  on  until  the  breaker  opens  and  the 
tripping  circuit  is  opened  by  an  auxiliary 
switch  on  the  breaker.  This  is  a  scheme  used 
in  connection  with  some  types  of  reverse 
power  relays.  In  this  instance  the  auxiliary 
relay  is  mounted  in  the  case  and  is  a  part  of 
the  reverse  power  relay. 

Fig.  9  shows  an  auxiliary  relay  connected 
in  one  circuit  to  control  a  second  circuit. 
This  arrangement  difl'ers  from  that  shown 
in  Fig.  S  in  that  either  breaker  may  be  tripped 
by  the  protective  relay  independent  of  the 
position  of  the  second  breaker.  This  is 
accomplished  by  connecting  the  auxiliary 
relay,  with  its  resistance  (if  the  voltage 
requires  the  use  of  the  resistance)  across  the 
control  bus.  It  will  be  necessary,  in  this 
case,  for  the  protective  relay  contacts  to 
be  capable  of  breaking  the  current  through 
the  auxiliary  relay  coil. 

The  auxiliary  relay,  as  shown  in  Fig.  .5, 
consists  of  a  cylindrical  coil  w^th  soft  iron 
core,  a  magnetic  circuit  consisting  of  m.a chine- 
bent  U-  and  L-shaped  pieces  of  soft  iron, 
brass  hinges  for  the  armatxire  contacts, 
terminals,  and  insulation. 

The  coil  is  machine  wound,  the  frame  and 
armature  are  machine  bent.  The  contacts, 
terminals,  and  insulation  are  punched  parts. 
The  stationary  contacts  are  of  comparatively 
heavy  copper.  The  movable  contacts  are 
of  spring  bronze.  The  contacts  are  inter- 
changeable and  replaced  easily. 

The  contacts  open  and  close  w-ith  a  wiping 
motion  w-hich  keeps  them  clean.  The  break 
is  vertical  and  the  contacts  when  adjusted 
for    maximum     travel    will    open    about    lU 


amperes  at  12.")  volts,  2.')  amperes  at  2.VJ 
volts,  and  of  course  less  current  at  higher 
voltages.  Approximately  two  watts  are 
re(iuire{i  to  operate  the  relay. 

For  momentary-  service  two  relay  coils  may 
be  connected  in  scries  direct  to  a  l2.')-voll 
source.     For  constant  .service  a  resistance  is 
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Fig.  8 
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Fig.  9 
cf  Auxiliary  Relays 


used  in  series  with  the  coil  and  of  sufficient 
value  to  reduce  to  about  20  volts  the  potential 
across  each  operating  coil. 

The  auxiliary  relay  can  be  mounted  by 
two  screws  on  any  flat  surt'ace,  for  example, 
as  shown  in  Fig.  ,5  on  a  punched  sheet  steel 
base  which  constitutes  the  bottom  of  an 
enclosing  box.  These  relays  are  mounted 
usually  on  the  back  of  the  switchboard  panel, 
usually  in  the  box,  and  singly  or  as  a  mul- 
tiple unit  battery,  as  desired.  When  the 
relays  are  mounted  on  the  front  of  the  board 
in  addition  to  the  two  holes  for  mounting 
each  unit,  a  third  hole  is  necessary  to  take 
care  of  coil  leads.  When  the  relays  are 
mounted  on  the  back  of  the  board  the  usual 
practice  is  to  insert  small  spacing  washers 
over  the  attaching  screws  and  between  the 
base  of  the  relay  and  the  panel.  In  this 
m_anner  ample  clearance  for  the  easy 
m.anipulation  of  the  leads  is  obtained. 

As  a  matter  of  safety  and  convenience, 
it  is  well  to  use  covers  for  each  individual 
relay  to  protect  the  working  parts  from 
dust  and  dirt,  and  to  eliminate  the  chance  of 
accidental  contacts  with  the  live  parts. 

The  auxiliary  relay  is  approximately  three 
inches  high,  one  and  one  quarter  inches 
wide,  and  two  and  one  quarter  inches  deep. 
It  is  an  extremely  simple,  inexpensive,  and 
efi'ective  device. 
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The  Construction  of  a  Pumping  Station  for  the 
Schenectady  Works,  General  Electric  Company 

By  Keith  O.  Guthrie 

Engineering  Contractor,  Schenectady,  N.  Y. 

A  large  manufacturing  plant,  such  as  the  Schenectady  Works  of  the  General  Electric  Company,  requires 
a  reliable  and  at  the  same  time  considerable  supply  of  water  for  power  generation  and  manufacturing  pur- 
poses, and  is  of  prime  consideration  in  locating  the  site  of  large  factories.  The  pumping  station  describedin 
this  article  was  made  necessary  by  some  changes  in  the  normal  water  level  of  the  Mohawk  River  to  minimize 
the  danger  of  floods  that  were  common  in  former  years.  The  method  of  pouring  the  concrete  sub-structure 
and  lowering  it  into  position  as  the  work  progressed  was  novel  and  is  described  in  detail. — Editor. 

against  the  flood  conditions,  which  have  been 


After  the  abandonment  of  the  old  Erie 
Canal  the  General  Electric  Company  pur- 
chased from  the  State  of  New  York  a  strip 
within  the  "Blue  Line,"  comprising  a  two- 
mile  level  on  the  west  side  of  Schenectady. 
This  is  used  as  a  storage  pool  for  condensing 
water  and  in  part  as  supply  for  manufacturing 
purposes.  Level  in  this  pool  was  maintained 
by  a  pumping  station,  with  its  intake  on  the 
Binnekill,  an  arm  of  the  Mohawk  River.  This 
station  contains  two  vertical  pump  units,  each 
with  a  capacity  of  20,000  gallons  per  minute. 
The  total  head  under  normal  conditions  is  19  ft. 

In  1917  announcement  was  made  by  the 
State  Department  of  PubHc  Works  that 
during  the  following  winter  the  level  of  the 
canaHzed  Mohawk  at  Schenectady  would  be 
drawn    down    as    a    measure    of    protection 


a  yearly  menace  and  damage.  It  was  esti- 
mated that  opening  the  control  gate  at 
Vischer's  Ferry  Dam — eight  miles  below 
Schenectady — would  bring  the  river  level  to 
about  El.  204  at  the  Company's  plant,  or 
S  ft.  below  average  summer  level. 

This  meant  that  the  Binnekill  on  which  the 
old  pumping  station  is  located  would  be  dry. 
Conditions  were  not  favorable  for  maintaining 
a  deeper  channel  by  dredging  on  account  of 
the  distance  from  the  river — a  mile — and  the 
rapid  silting  up  that  would  take  place  in  such 
a  back  channel  having  slow  current.  It  was 
therefore  decided  to  build  a  new  pumping 
station  to  be  located  on  the  river  channel, 
where  depth  is  bound  to  be  maintained  for 
barge  canal  purposes. 


1  Layout  of  Statio.i,  Intake  and  Discharge  Conduits 


CONSTRUCTION  ol"  A   inMl'IXC.  S'lW'IK  )N   I'OR  SCIIKXl'CTAnV   WORKS 
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A  suilalile  location  was  foutnl  just  aliovc 
the  licad  of  llie  C^onii)ain-'s  pool,  where  the 
ri\er  hank  was  only  ,s()  ft.  from  the  tow-i)ath 
and  on  the  outside  of  a  bend  in  tlie  river, 
inakinfj;  it  likely  that  the  current  would  keep 
the  intake  free  from  silt.  At  this  location  a 
short  intake  22  ft.  lonjj  was  secured,  and  short 
discharge  lines  70  ft.  from  house  to  center  of 
canal. 

Before  working;  out  the  design  the  following 
j)reliminary  decisions  were  arrived  at: 

To  build  the  intake  flow-line  well  below  any 
ice  that  could  form  at  lowest  winter  level 


Working  out  the  design  on  these  lines 
brought  the  pumij-room  floor  1.')  ft.  (I  in. 
below  normal  summer  river  level  and  about 
•10  ft.  below  record  stage.  A  circular  shaft  for 
the  pump-house  pro))er  was  the  obvious  solu- 
tion of  the  problem  of  handling  the  water-pres- 
sures at  flood  level.  This  form  has  the  further 
advantage  of  requiring  no  interi'jr  bracing. 

Figs.  1,  2  and  .'5  show  the  general  arrange- 
ment of  the  development. 

Water  is  taken  from  the  ri\'er  through  a 
timber  intake  Hi  ft.  wide  by  (J  ft.  high  inside 
and  22  ft.  long.   This  intake  is  back-filled  with 


To  construct  the  plant  in  duplicate  from 
intake  to  discharge  lines,  so  that  either  unit 
could  operate  \\-ith  any  part  of  the  other 
unit  out  of  commission 

To  use  vertical  centrifugal  pumps  placed 
at  such  depth  that  top  of  pump  casings  would 
he  below  lowest  winter  level,  to  obviate  the 
use  of  priming  devices 

To  place  the  pump  motor  bases  2  ft.  above 
record  flood  level 

To  screen  out  floating  logs  by  closely  spaced 
piles  in  front  of  intake  and  remove  the  smaller 
refuse  with  vertical  travelling  screens  inside 
the  house. 


gravel  following  the  natural  slope  of  the  bank. 
It  is  held  in  place  against  the  house  b}'  a  V- 
shaped  cluster  of  piles  tied  to  shore  with  a 
heavy  steel  band. 

Water  after  passing  through  the  intake 
enters  the  two  open  screen  wells  through 
•18  in.  by  60  in.  Caldwell- Wilcox  sluice  gates. 
Although  the  pressure  is  ofT  the  seat  of  these 
gates  they  have  proved  remarkably  tight  in 
operation.  They  are  normally  wide  open  and 
are  to  be  closed  only  to  make  inspection  or 
repairs  in  the  screen-wells. 

Each  well  has  a  vertical  traveling  screenmade 
bv  the  Chain  Belt  Co.,  of  Milwaukee,  extending 
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12  ft.  above  normal  river  level.  Each  screen 
is  connected  by  drive-chain  to  a  W.  A.  Jones 
speed  reducer  located  on  the  operating  floor 
and  coupled  to  a  General  Electric  5-h.p.  syn- 
chronous motor.  The  screens  are  made  up 
in  baskets  6  ft.  long,  18  in.  wide.  The  width 
was  determined  by  the  consideration  that 
there  should  be  available  cross-section  at 
lowest  water  to  reduce  velocity  through  the 
screens  to  one  foot  per  second.  The  screens 
travel  at  about  10  ft.  per  minute,  carrying  all 
refuse  up  and  over  the  top  where  it  falls  into 
a  narrow  D-shaped  trough  built  of  wire  lath 
and  cement  plaster.  To  clean  the  baskets  on 
the  way  down  a  2-in.  slotted  jet-pipe  is 
installed  inside  of  screen  frame  about  6  in. 
above  edge  of  trough.  SO  lbs.  pressure  is 
maintained  in  the  jet  pipes  by  a  4-in.  2-stage 
Worthington  pump  located  in  the  pump-room. 
The  jets,  \<'hich  form  a  continuous  sheet  of 
water,  dIow  the  most  clinging  refuse  from 
the  screens  into  the  trough. 

Each  screen-well  can  be  drained  by  a  4-in. 
pipe  leading  into  the  pump-pit  of  the  pump 
room. 

The  main  pumps  draw  from  their  individual 
screen-wells  through  the  circular  wall  of  the 
pump-room,  each  30  in.  section  having  a 
gate  valve  just  inside  the  wall.  The  pumps 
are  Worthington  single-stage,  volute  type, 
rated  at  20,500  gals,  per  minute,  at  2S-ft. 
head.  They  are  driven  by  235-h.p.,  50G-volt, 
3-phase  induction  motors  at  400  r.p.m. 

All  main  piping  inside  the  house  is  30  in. 
cast  iron  flanged.  After  leaving  the  house  the 
water  is  discharged  through  a  twin  concrete 
conduit,  each  side  36  in.  square,  which  leads 
up  to  the  bottom  of  the  old  canal,  the  bed 
and  sides  of  which  are  protected  from  wash 
b}'-  concrete  paving. 

The  superstructure  of  the  house  is  of 
reinforced  concrete  following  in  plan  the  same 
outline  as  the  substructure.  It  contains  the 
static  transformers  and  switching  apparatus, 
pump  motors,  screen-driving  apparatus  and 
sluice-gate  stands.  All  pieces  can  be  handled 
by  chain  block  on  trolley  running  on  a  12-in. 
I-beam  bolted  to  the  ceiling.  The  operating 
room  is  well  lighted  and  ventilated  by 
fenestra  sash. 

The  material  at  the  site  is  a  compact  coarse 
water-bearing  gravel,  unsuited  to  anj^  kind  of 
cofferdam.  The  method  of  construction 
consisted,  in  essence,  of  excavating  to  grade, 
concreting  the  house  above  water,  and  lower- 
ing it  until  it  rested  on  its  foundation. 

At  the  start  of  the  work  a  23^-yd.  dipper 
dredge  made  16  ft.  of  water  over  the  site  of 


the  house  and  for  about  20  ft.  around  it. 
The  spoil  was  removed  in  scows.  At  the  same 
time  stiff-leg  derricks  were  erected  on  either 
side  of  the  cut  which  operated  IJ^  yd. 
clam-shells  and  completed  the  excavation  to 
24  ft.  below  water  level. 

When  excavation  had  been  roughly  com- 
pleted four  piers  were  built  around  the 
location  of  the  house,  as  shown'  in  Fig.  2. 
The  forms  for  these  piers  were  round  barrels, 
10  ft.  inside  diameter,  30  ft.  long,  with 
outside  ribs  of  2  in.  by  10  in.  plank  lapped 
and  well  spiked.  To  provide  a  cutting  edge 
and  also  weight  for  sinking  a  reinforced 
concrete  ring  was  attached  to  the  bottom  of 
each'form.  The  complete  form  units  weighed 
about  8  tons  and  were  set  in  place  by  the 
derricks  and  guyed.  It  was  desired  to  have 
these  piers  extend  at  least  2  ft.  below  grade 
of  excavation  for  the  house  so  as  to  secure  the 
full  bearing  power  of  the  gravel.  The  forms 
were  sunk  quite  readily  by  excavating  inside 
them  with  clam-shell.  As  soon  as  a  form 
reached  grade,  nine  45-ft.  piles  were  driven 
inside  with  5-ton  steam-hammer  to  practical 
refusal,  which  came  at  from  15  to  20  ft. 
penetration.  Concrete  1,  2,  4  was  then  placed 
by  tremie  and  the  piers  brought  to  9  ft.  above 
water  and  capped  with  a  grillage  of  old  rails. 

The  two  inshore  piers  were  bridged  by 
three  42-in.  plate  girders,  the  two  outshore, 
piers  by  eight  20-in.  80-lb.  I-beams.  Both 
the  girders  and  I-beams  were  girdled  with 
heavy  clamps  and  the  space  between  webs 
filled  with  concrete  from  pier  to  pier  to  resist 
lateral  buckling  under  load.  In  addition  the 
girders  and  beams  were  securely  anchored 
into  the  pier  tops  to  minimize  the  danger  of 
any  pier  leaning. 

Seated  on  the  cross-beams  and  cross- 
girders  mentioned  above  were  two  pairs  of 
heavy  plate  girders,  from  which  hung  the 
suspender  rods  that  carried  the  house  itself. 
The  girders  of  each  pair  were  spaced  with  the 
flanges  just  far  enough  apart  to  pass  the 
connecting  sleeve-nuts  of  the  rods.  The 
girder  pairs  were  spaced  20  ft.  centers.  Pains 
was  taken  to  give  the  main  girders  an  evenly 
distributed  bearing,  as  well  as  an  anchorage 
to  the  beams  and  cross  girders  on  which  they 
were  seated.     The  girders  of  one  pair  were 

6  ft.  deep  by  58  ft.  long,  of  the  other  -pair 

7  ft.  deep  by  67  ft.  long. 

To  secure  maximum  supporting  power 
■from  the  main  girders  they  were  cantilevered 
at  the  screen-well  end  for  about  12  ft.,  gi\''ing 
roughly  the  same  bending  moment  at  the  out- 
shore  piers  as  at  the  middle  of  the  long  span. 
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Eight  33^-in.  V-threaded  rods  were  hung 
from  the  top  flanges  of  each  pair  of  girders. 
At  each  rod  the  girders  were  bridged  with  a 
pair  of  10  in.,  30-lb.  channels  on  which  rested 
the  washer  carrying  the  lowering  nut.  To 
obviate  the  danger  of  the  nut  cutting  under 
a  load  of  at  least  30  tons  and  possibly  much 
more,  the  washers  were  made  of  two  l3/^-in. 
plates,    16   in.    diameter,    with   the   faces   in 


unison,  each  movement  giving  the  nuts  a 
one  sixth  turn.  Electric  door-switches, 
engaged  by  the  moving  channels,  rang  bells 
in  the  engine-rooms  indicating  to  the  hoist- 
runners  the  limits  of  stroke. 

Opposite  rods  supported  pairs  of  15-in. 
I-beams  which,  formed  a  floor  under  the 
entire  house.  As  erected,  these  beams  just 
reached  the  water.    They  were  tied  together 


Landing  Form  for  One  of  the  Four  Supporting  Piers. 
These  forms  were  10  ft.  dia.  and  26  ft.  long 


Operating  the  Ratchet  Lowering  Wr. 
Lines  Led  to  the  Two  Derricks 


contact    finished,     oil-grooved    in     opposite 
directions,  and  packed  in  light  grease. 

The  lowering  nuts  were  12  in.  long,  of 
standard  hexagon  section,  and  were  engaged 
by  ratchet  wrenches  with  6-ft.  handles 
(Fig.  6).  The  ends  of  the  wrench  handles 
were  bolted  to  5-in.  channels,  one  on  either 
side  of  the  house.  Lines  ran  from  each  end 
of  the  channels  to  the  derrick  hoists,  which 
operated    the    wrenches    back    and    forth   in 


with  34-in.  tie-rods,  4  ft.  spacing,  and  sepa- 
rated by  a  4-in.  wooden  floor  resting  on  the 
bottom  flanges.  After  the  first  ring  of  outside 
forms  was  set,  resting  directly  on  the  floor- 
beams,  a  sub-floor  of  concrete  was  placed 
covering  the  top  flanges  2  in.  and  with  an 
IS-in.  fillet  at  the  outside  form.  On  this 
sub-floor  and  up  the  outside  forms  was  laid 
five  layers  of  roofing  felt  very  thoroughly 
mopped   with   water-proofing   pitch.      Rein- 
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I'drct'iiU'iit,  iiisick'  wall  Idiiiis  and  forms  for  llu' 
.■{|)-in.  by  IN-in.  in\ci-tril  llnor-hcams  were 
llicn  ])lai'i'(!  and  roiurrUd  'I'iic  house  was 
lowered  at  the  same  lime,  keeping,'  the  level  of 
the  conerete  almut  I  ft.  mil  of  water.  The 
best  proj;ress  in  lowerini;  at  any  time  was 
I.")  in.  an  hour. 

Tlic  outside  forms  were  Imilt  one  foot  hijjher 
than  the  inside  to  provide  a  laj)  for  the  water- 
lirooliii}^  of  the  succeeding  lift.  No  difficulty 
was  experienced  in  lowerinj^  fresh  concrete 
into  the  water.  Frequently  concrete  in  the 
walls  an  hour  old  was  under  water — am])ly 
protected  by  the  o-jiIn-  water-proofm<^. 

This  water-proofing  passed  a  remarkable 
test  one  night  when  a  thaw  up  the  valley 
caused  a  sudden  rise  in  the  river.  Before  a 
gang  could  be  got  together  from  the  city  and 
concreting  started,  the  water-leA^el  was  20 
in.  above  the  concrete  in  the  walls  and  at  one 


loading;  and  the  sub-floor  on  which  the  house 
proper  was  built,  was  made  flexible  in  one 
(lircction.  The  first  ]>our  of  the  house, 
iiuhuling  floor  and  a  jiorlion  of  the  walls, 
Weighed  about  (iOO  tf)ns.  This  was  cast  with- 
out lowering  into  the  water,  with  the  idea 
that  this  entire  load  would  be  likely  to  bring 
about  immediate  anfl  maximum  settlement, 
and  being  fairly  flexible  up  to  this  point 
would  adjust  itself  to  any  relative  settlement 
of  the  piers.  As  it  developed,  however,  there 
was  no  observable  settlement  in  any  pier. 

A  further  fear  was  entertained  that  through 
unc([ual  running  off  of  the  lowering  nuts  some 
of  the  rods  might  be  overloaded.  Considerable 
thought  was  given  to  the  application  of  strain 
gauges,  but  it  was  soon  found  that  an  under- 
loaded rod  shifted  on  its  supi^ort  as  the  heavy 
wrench  swung  back  and  forth  while  an 
overloaded   rod  groaned.      A  one  sixth  turn 


:  of  the  Sixteen  Ratchet  Wrenches  which  i 
Operated  in  Unison 


Fig.  10.      Completed  Superstructure.      Taken  fron 
roadway  leading  across  old  Erie  Canal 


point  3  ft.  There  was  not  so  much  as  a  drop 
of  leakage  through  the  outside  forms,  due  to 
the  tenacity  of  the  water-proofing  pitch. 
While  it  has  always  been  customary  to  place 
water-proofing  against  a  masonry  wall,  this 
was  dispensed  with  on  this  w-ork  to  save  time 
and  expense.  It  is  believed  that  the  wooden 
forms — always  under  water — w-ill  prove  a 
permanent  protection. 

It  was  felt  in  advance  that  the  chief  danger 
in  this  method  of  low^ering  a  heavy  structure 
lay  in  the  possible  settlement  of  one  of  the 
piers.  It  was  conceivable  that  a  material 
relative  settlement  of  one  pier  would  concen- 
trate the  entire  weight  on  a  few  rods,  over- 
loading and  even  snapping  them  with  conse- 
quent disaster.  To  guard  against  this  possi- 
bility a  great  deal  of  care  was  taken  with  the 
piling  and  concreting  of  each  pier;  the  rods 
were  made  heavier  than   required  for  even 


of  the  nut — about  one  twentieth  inch  on  the 
rod — was  usually  sufficient  to  equalize  the 
loading. 

The  hanging  equipment  went  through  a 
very  severe  test  in  the  early  part  of  February. 
The  house  had  been  lowered  16  ft.  into  the 
water,  a  set  of  forms  made  ready  for  a  new 
pour,  and  the  entire  structure  covered  w-ith  a 
board  house  as  protection  against  the  severe 
cold.  A  fire — started  presumably  by  a 
salamander — consumed  forms,  runways  and 
protection  housing  to  the  water's  edge.  The 
girder  webs  were  badly  buckled  and  one 
girder  sagged  two  inches,  but  after  making 
good  the  forms,  low^ering  w-as  resumed 
without  any  difficulty  except  in  lubricating 
the  lowering  nuts. 

Work  w^as  started  in  October,  1917,  and 
continued  without  cessation  through  the 
severe  winter  following,  until  high  water  on 
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February  13th,  put  an  end  to  all  operations 
for  a  month. 

The  method  of  construction  was  developed 
by  the  writer  and  the  station  design  was 
worked  out  by  him  in  consultation  with 
Mr.  A.  R.  Nisbet,  Superintendent  of  Power, 


and  Mr.  C.  G.  Hulth,  Superintendent  of 
Grounds  and  Buildings,  of  the  General 
Electric  Company. 

Mr.  W.  R.  Abbott,  Assoc.  Mem.  Am.  Soc. 
C.  E.,  acted  as  Construction  Engineer  and  Mr. 
James  J.  Fahey  as  Superintendent. 


Voltage  Regulation  of  Distributing  Feeders  as  a 
Means  of  Improving  Central  Station  Efficiency 

By  Frank  Hershey 
Supply  Department,  General  Electric  Company 

If  voltage  regulators  served  only  to  improve  the  customers'  service,  they  might  well  be  considered  a 
luxury.  However,  their  additional  usefulness  as  a  means  for  raising  the  efficiency  of  a  central-station  sys- 
tem, for  obtaining  a  greater  return  on  the  invested  capital,  and  for  effecting  economies  in  feeder  construction 
make  them  a  necessity  for  an  up-to-date  system.  The  following  article  Mr.  Hershey  read  a  paper  before  a 
meeting  of  the  Ohio  Electric  Light  Association  in  Cleveland,  February,  1919. — Editor. 


In  the  design  of  new  power  plants,  or  the 
remodeling  of  existing  plants,  the  aim  of  the 
designing  engineer  is  to  select  such  equipment 
as  will  result  in  the  desired  energy  being 
delivered  to  the  busbar  at  the  minimum  cost. 
Many  auxiliary  devices  are  included  to  assist 
in  obtaining  a  higher  conversion  of  the  energy 
in  the  coal  or  waterfall  as  it  passes  through 
the  various  stages  until  it  is  delivered  to  the 
bus  in  the  form  of  electrical  energy.  Per- 
formance guarantees  applying  to  the  main 
units,  as  well  as  to  the  auxiliary  devices,  are 
carefully  compiled  and  compared  in  order 
that  the  most  efficient  combination  may  be 
selected.  To  secure  a  small  fraction  of  one 
per  cent  increase  in  plant  efficiency,  the 
expenditure  of  additional  capital  is  often- 
times justified  for  the  higher  efficiency  units. 

In  laying  out  the  distrilDUting  system,  how- 
ever, is  the  same  effort  made  to  carry  effi- 
ciency through  to  the  consumer — to  main- 
tain constant  normal  voltage  at  the  recording 
meter — or  are  the  power  plant  economies 
being  consumed  by  losses  in  the  distributing 
feeders  ?  Voltage  drop  and  the  corresponding 
line  loss  cannot  be  entirely  eliminated,  but 
by  analyzing  the  load  conditions  to  be  taken 
care  of  on  the  various  feeders  and  by  laying 
out  the  distributing  system  with  the  same  care 
as  is  used  in  the  design  of  the  power  plant 
the  losses  can  be  reduced  and  the  drop  com- 
pensated for  so  that  efficiency  of  operation 
will  not  stop  at  the  bus  but  will  be  carried 
through  to  the  consumer. 

Electrical  appliances  used  in  the  household 
are  designed  for  most  efficient  operation  at  a 
definite  predetermined  voltage;  and  operation 


at  a  voltage  other  than  normal  impairs  the 
service,  results  in  increased  cost  to  the  con- 
sumer, as  well  as  reduces  the  revenue  to  the 
central  stations.  For  instance,  the  wattage 
and  candle-power  of  Mazda  lamps  vary  at 
the  rate  of  slightly  more  than  1.5  and  3  per 
cent,  respectively,  for  each  per  cent  change  in 
voltage  from  normal.  If  the  voltage  applied 
to  the  terminals  is  3  per  cent  low,  less  current 
will  be  consumed,  reducing  the  revenue  to 
the  central  station  by  4.5  per  cent  and  the 
illumination  for  the  consumer  by  9  per  cent. 
The  life  of  the  lamp  will  be  increased  but  the 
reduction  in  illumination  is  so  great  that  the 
cost  of  light  per  candle-power-hour  is  in- 
creased. If  the  voltage  is  3  per  cent  high,  the 
revenue  will  be  increased  4.5  per  cent,  and  the 
candle-power  9  per  cent,  but  the  life  of  the 
lamp  will  be  reduced  to  such  an  extent  that 

VARIATION    OF    WATTAGE    AND    CANDLE- 
POWER   WITH   VOLTAGE  FOR 
MAZDA    LAMPS 


Per  Cent 

Per  Cent 

Per  Cent 

Normal  Voltage 

Candle-power 

■      Total  Watts 

95 

83.1 

92.2 

96 

86.3 

93.7 

97 

89.6 

95.3 

PS 

93.0 

96.9 

99 

96.-1 

98.4 

100 

100.0 

100.0 

101 

103.6 

101.6 

102 

107.4 

103.2 

103 

111.2 

104.8 

104 

115.1 

106.4 

10.5 

119.0 

108.0 

110 

140.3 

116.3 

voi/iwci':  Ki'C.n.A'iKix  ni'  Disi'kiiu  rixc.  I'Icicdkrs 


:,\r, 


aj^iiin  tlu'  c-osi  \)vv  riiiuUt'-pciwiT-linur  is 
increased. 

Household  a  PI  ilia  noes,  such  as  ircjiis,  toasters, 
jiercolators,  wanniiif^  ])ads,  broilers,  and 
curling  irons  are  used  to  a  larjjc  extent 
because  of  iheir  convenience.  For  satis- 
factory opcraiion,  ihcy  recii'irc  nearly  as 
close  rcfjulation  howex'cr  as  the  incandescent 
lamp,  as  the  heatinp;  and  al.so  the  power  con- 
sumed varies  as  the  scjuare  of  the  voltaRC 
ajjplied.  A  .">  per  eenl  droj)  in  voltage  ecjuals 
a  loss  of  approximately  10  per  cent  in  revenue 
to  the  central  station  and  10  ]:)cr  cent  less 
energy  is  available  for  heatinjj  so  that  unless 
the  voltage  iJ;  maintained  at  ajjproximately 
the  rated  value  the  appliances  lose  their 
value  as  conveniences  and  dissatisfaction 
results. 

The  percentage  of  lighting  load  as  com- 
pared to  the  total  generating  capacity  of  the 
plant  ma>-  he  small,  but  the  incandescent 
lamp  is  used  so  much  more  extensively  than 
any  other  electrical  energy  consuming  device 
that  its  performance  has  been  accepted  by 
the  public  as  a  standard  for  judging  the 
efficiency  of  the  operating  company.  The 
good-will  of  the  pubHc  is  of  incalculable  value 
to  the  central  station,  and  it  is  essential, 
therefore,  that  a  uniform  and  proper  voltage 
be  maintained  within  reasonable  limits  on 
all  lighting  circuits. 

Nonnal  voltage  may  be  maintained  at  the 
distributing  center,  either  by  supplying  a 
constant  bus  voltage  and  designing  the  dis- 
tributing feeders  for  a  negligible  drop,  or 
by  varying  the  voltage  supplied  to  the 
individual  feeders  by  means  of  a  voltage 
regulator  to  provide  compensation  for  the 
feeder  drop  and  for  the  voltage  variations 
at  the  bus. 

The  voltage  of  a  generator  or  a  number  of 
generators  may  be  maintained  automatically 
at  normal  for  all  conditions  of  load  at  the 
station  bus  or  at  any  one  center  of  distribu- 
tion on  the  system  by  means  of  a  generator- 
voltage  regulator.  Where  there  are  a  number 
of  feeders  radiating  from  a  station  this  method 
of  regulation,  however,  will  not  be  satis- 
factory unless  all  of  the  feeders  are  laid  out 
for  negligible  voltage  drop  which  generally  is 
uneconomical.  Usually  the  feeders  are  of 
different  lengths  and  the  power  demands 
occur  at  different  intervals  so  that  the  voltage 
delivered  at  the  centers  of  the  several  feeders 
will  vary  widely.  It  is  practically  impossible, 
therefore,  to  raise  or  lower  the  voltage  of  the 
station  bus  so  that  the  voLtoge  at  each  load 
center   is    proportionate    iw  the    demand   at 


lli;il  ci'ntor.  In  order  to  i)r(ivide  for  eUicienlly 
operating  llie  distributing  system,  it  is 
essential  that  each  feeder  shouM  be  con- 
sidered as  a  unit.  The  system  can  be  made 
\-ery  simple  and  economical  if  care  is  exerciscfl 
at  ihc  time  the  initial  layout  is  made,  and 
many  existing  (jlanls  could  probably  reduce 
the  distributing  costs  and  imjirove  their 
service  by  thoroughly  investigating  their 
feeding  systems  with  the  view  toward  making 
them  more  symmetrical  and  of  uniform 
regulation.  Recording  voltmeter  charts  taken 
at  frequent  intervals  at  various  points  on 
each  feeder  provide  a  means  for  detecting 
voltage  irregularities  in  the  feeder  which  if 
uncorrected  may  become  magnified  and  not 
only  impair  the  service  but  appreciably  effect 
the  revenue. 

In  laying  out  a  new  system,  or  reconstruct- 
ing an  old  one,  the  area  to  be  lighted  should 
be  divided  into  districts  and  the  m.aximum 
load  to  be  handled  in  each  district  should  be 
determined,  bearing  in  mind  the  ad\-antage 
of  having  in  so  far  as  possible  the  feeders  as 
nearly  equal  in  capacity  as  practicable.  This 
insures  symmetrical  switchboards  and  feeder 
equipments  and  simplicity  of  maintenance. 
It  is  usual  when  selecting  or  subdividing  the 
total  area  to  be  lighted  to  take  into  con- 
sideration the  actual  and  anticipated  loads  in 
each  subdivision,  so  that  the  feeder  layout 
will  take  care  "of  future  as  well  as  present 
requirements.  Forethought  in  this  respect 
often  saves  considerable  expense  in  the  future 
growth  of  the  system.  One  district  may  be 
90  per  cent  loaded  while  another  m.ay  be  only 
2.5  per  cent  loaded.  The  latter,  however, 
may  be  of  such  a  character  as  to  lead  the 
lighting  company  to  believe  that  there  are 
prospects  of  a  load  equally  as  great  as  in 
the  former.  If  the  latter  feeder  is  a  duplicate 
of  the  first  it  would  of  course  have  much  less 
drop;  but  in  the  end  if  care  has  been  exercised 
the  extra  cost  and  fixed  charges  of  copper 
necessary  to  handle  the  anticipated  load 
will  be  less  than  if  only  sufficient  copper  were 
installed  to  take  care  of  the  actual  load  and 
a  smaller  percentage  of  anticipated  load.  In 
Ia>-ing  out  the  feeder  and  the  m.ains,  the  most 
economical  cross-section  of  copper  should 
be  used;  i.e.,  the  cost  for  the  conductor,  dis- 
tributed over  a  period  of  time  corresponding 
to  the  life  of  the  feeder,  should  equal  the  cost 
for  loss  in  energy  due  to  the  drop.  The  value 
of  feeder  regulation  must  be  taken  into  con- 
sideration, however,  as  it  would  not  be  pos- 
sible to  use  the  most  economical  size  of  con- 
ductor   without     providing    some    form    of 
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regulation  if  the  drop  at  maximum  load  is  to 
be  maintained  within  a  reasonable  percentage. 
The  choice  between  voltage  regulators  to 
compensate  for  the  voltage  drop  in  the  feeder 
and  the  installation  of  conductors  of  such  size 
as  to  provide  negligible  drop  depends  on  the 
relation  between  the  cost  of  the  line  using 
the  most  economical  conductor  and  the 
regulator  plus  the  cost  of  losses  in  the  line 
and  regulator  and  the  cost  of  the  feeder 
using  the  larger  conductors  to  reduce  line 
drop  plus  the  line  losses.  Consideration, 
however,  should  also  be  given  to  the  fact 
that  the  regulator  will  compensate  for  the 
variations  in  supply  voltage  which  cannot  be 
accomplished  by  the  use  of  larger  conductors. 
The  installation  of  a  regulator  will  often- 
times be  more  economical  even  if  the  total 


6  per  cent  in  revenue  to  the  central  station, 
or  on  the  basis  of  ten  cents  per  kilowatt-hour 
the  annual  anticipated  revenue  of  $21,000 
would  be  reduced  $1260.  If  larger  size  con- 
ductors were  used  to  reduce  the  line  drop  it 
would  necessitate  the  installation  of  350,000- 
circular-mil  cable  to  maintain  regulation 
within  one  per  cent  at  the  center  of  distribu- 
tion, such  as  can  be  accomplished  by  installing 
a  regulator.  This  would  cost  approximately 
$248  per  mile.  On  the  other  hand,  if  No.  1 
conductors  and  a  regulator  to  compensate 
for  the  drop  to  the  load  center  were  used,  the 
regulator  including  the  cost  for  losses  and 
installation  would  increase  the  cost  of  the 
feeder  from  $184  to  $278.  Unless  the  supply 
is  subject  to  fluctuations,  such  as  occur  in 
feeders  tapped  from  transmission  lines  where 
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bled  view  of  a  2300-volt  Single-phase  Induction  Regulator  for  Distributing  Circuit 


cost  somewhat  exceeds  the  cost  of  the  heavier 
conductors. 

To  illustrate,  assume  that  it  is  necessary 
to  install  a  single-phase,  2300-volt  lighting 
feeder  of  75-ampere  capacity,  the  load  to  be 
equivalent  to  full  load  four  hours  per  day, 
300  days  per  year.  The  most  economical 
size  of  conductor  would  be  No.  1  on  the  basis 
of  a  15-year  life  for  the  feeder,  copper  at 
twenty  cents  per  pound  and  allowing  2  per 
cent  for  taxes,  5  per  cent  for  capital  invested, 
15  cents  per  pound  for  scrap  copper,  and 
energy  to  supply  losses  at  $0.0125  per  kilo- 
watt-hour, as  well  as  proper  charges  for 
erection  and  removal.  The  cost  per  mile  for 
the  feeder  would  be  approximately  $184  and 
the  drop  would  be  4  per  cent.  If  not  cor- 
rected, this  drop,  (without  considering  the 
drop  in  the  secondary  distribution)  would 
mean  a  reduction  of  over  12  per  cent  in 
candle-power  of  the  lamps  and  a  loss  of  over 


a  regulator  is  necessary,  the  lower  cost  favors 
the  installation  of  the  350,000-mil  cable. 

If,  however,  the  feeder  were  two  miles  long, 
all  other  factors  remaining  unchanged,  the 
full-load  drop  would  be  8  per  cent.  To  main- 
tain regulation  within  one  per  cent  at  the  load 
center  without  a  regulator  would  necessitate 
installing  1,500,000-circular-mil  cable  at  a 
cost  of  $354  per  mile;  whereas  the  extension 
of  the  feeder  would  cut  the  charge  for  the 
regulator  in  half  making  the  cost  to  cover  the 
installation  of  No.  1  conductors  and  regulator 
$231  per  mile,  or  a  difference  of  approximately 
50  per  cent  in  favor  of  the  latter  installation. 
If  the  feeder  were  three  miles  long,  the  saving 
in  favor  of  a  regulator  would  be  even  more 
marked.  In  fact,  the  minimum  cost  is 
obtained  when  the  entire  range  of  the  regu- 
lator is  utilized  in  compensating  for  line 
drop.  Inasmuch  as  the  regulators  selected 
would  provide  10  per  cent  boost  and  10  per 
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cent  lower,  a  tutal  ran^^e  of  120  i)er  cent,  the 
feeder  could  he  extended  for  a  distance  of 
five  miles  and  normal  vollayje  would  he  main- 
tained at  the  center  i)rovided  the  hus  voltajje 
was  held  constant  at  a  \-alue  which  would 
permit  the  rej^ulator  heini^  in  the  neutral 
position  when  the  load  on  the  feeder  was  50 
per  cent  of  maximum.  In  other  words,  the 
regulator  should  lower  the  hus  voltage  10 
per  cent  at  no  load,  lower  .")  per  cent  at 
quarter  load,  he  at  neutral  at  half  load,  and 
should  raise  the  hus  voltage .")  per  cent  at  three- 
quarters  load,  and  raise  it  10  per  cent  at  full 
load.  In  this  way  the  maximum  benefit  to  be 
derived  from  the  regulator  will  be  obtained. 

Voltage  regulators  are  not  necessary  to 
maintain  service,  and  if  they  are  considered 
merely  as  a  means  to  improve  the  quality 
of  ser\-ice  furnished  the  consumer,  so  that 
the  household  appliances  may  be  used  most 
eflficiently,  they  may  be  justly  referred  to  as 
a  luxury  or  as  apparatus  designed  to  provide 
desirable  refinements  in  service.  When  their 
value  to  the  central  station  is  considered  as  a 
means  for  raising  the  efficiency  of  the  system, 
for  obtaining  a  greater  return  on  invested 
capital,  for  effecting  economies  in  feeder  con- 
struction as  well  as  impro\Tng  the  ser\-ice  they 
cease  to  be  a  luxury  and  become  a  necessity. 
In  la}-ing  out  the  feeding  system,  it  is  there- 
fore essential  that  each  feeder  be  considered 
separately,  its  load  analyzed, -anticipated  as 
well  as  present,  ■ndth  the  same  care  as  is  given 
to  the  design  of  the  station;  and  by  pro^-iding 
the  proper  form  of  voltage  regulation,  effi- 
ciency of  operation  will  not  stop  at  the  bus 
but  ■U'ill  be  carried  through  to  the  consumer. 

In  the  old  direct -current  system  the  various 
feeders  differed  greatly  in  length  and  were 
unequally  loaded  so  that  it  became  necessary 
to  control  each  individual  feeder.  In  this 
respect  the  alternating-current  system  does 
not  diff'er  except  as  to  the  method  employed 
for  obtaining  the  necessary  regiilation.  Several 
methods  were  employed  in  the  old  Edison 
systems : 

(1)  Connecting  and  disconnecting  feeders 

at  various  points  in  the  network. 

(2)  Feeder  regulating  rheostats. 

(3)  Auxiliary  buses. 

(4)  Boosters. 

For  alternating-current  distribution,  no 
method  is  as  satisfactory  as  the  booster  or 
variable-ratio  transformer  method.  Numerous 
designs  of  regulators  have  been  developed, 
some  cutting  in  or  out  of  the  circuit  certain 
sections  of  the  secondarv  or  series  winding 


i>y  means  of  a  switch,  while  others  \aricd  the 
position  of  the  secondary'  winding  with 
respect  to  the  primary  or  changcil  the  direc- 
tion and  amount  of  magnetic  (lux  threading 
the  series  winding,  thereby  varying  the 
induced  voltage  in  this  winding  and  providing 
a  means  for  regulating;  the  lini,-  voltage. 


single-phase  Automatic  Induction  Regulator 
with  Auxiliaries  Mounted  on  Panel 


The  modern  design  of  regulator,  designated 
as  the  induction  regulator,  is  similar  to  a 
transformer  in  that  it  has  two  separate  and 
distinct  windings,  priman.-  and  secondary', 
connected  respectively  across  and  in  series 
with  the  feeder  to  be  regulated.  The  second- 
ary.- or  series  winding  is  assembled  on  a 
circular  stationary  core  and  the  primary  or 
exciting  winding  is  also  assembled  on  a  circular 
core  concentric  with  the  stationary,-  core,  but 
arranged  so  that  it  can  be  partially  rotated 
within  the  former.  Voltage  regulation  is 
obtained  by  changing  the  position  of  the 
primary  winding  with  respect  to  the  secondary' 
so  that  the  induced  secondary  voltage  may 
be  varied  in  value  as  in  a  single-phase  regu- 
lator, or  in  phase  relation  to  the  line  as  in 
a  polyphase  regulator,  either  raising  or  lower- 
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ing  the  supply  voltage  in  accordance  with  the 
change  in  load  on  the  feeder,  or  to  counteract 
variations  in  the  supply  voltage  itself,  thereby 
enabling  the  central  stations  to  maintain 
normal  voltage  at  any  point  on  the  feeder. 
The  induction  type  of  regulator  has  proven 
its  reliability  by  years  of  service  on  the  lines 
of  many  operating  companies,  it  requires  no 
more  attention  than  other  electrical  appa- 
ratus and  may  be  installed  either  at  the  gen- 
erating station,  substation,  or  with  slight 
modifications  out  of  doors,  depending  on 
the  requirements.  The  regulator  can  be 
designed  for  controlling  either  single-  or  poly- 
phase circuits,  for  self  or  artificial-cooling, 
and  for  any  current  or  voltage  for  which  it  is 
practical  to  build  generators  or  motors. 
Furthermore,  it  can  be  designed  for  either 
hand,  remote-control,  or  automatic  operation. 
The  automatically  operated  regulator  differs 
from  the  remote-controlled  or  motor-operated 
regulator  in  that  it  requires  an  auxiliary 
equipment  consisting  of  potential  trans- 
former, contact  making  voltmeter,  relay 
switch,  one  or  more  current  transformers, 
and  line-drop  compensator.  The  potential 
transformer  steps  down  the  line  potential 
for  the  contact  making  voltmeter  in  the  same 
manner  as  for  the  usual  indicating  voltmeter 
on  the  switchboard.  The  contact  making 
voltmeter  responds  to  variations  in  the  line 
voltage  and  when  they  exceed  one  per  cent 
either  way  from  normal  it  completes  either 
the  raising  or  lowering  circuit  to  the  relay 
switch,  which  is  introduced  to  provide  a 
means  of  handling  the  heavier  motor  current, 
thereby  causing  the  regulator  to  raise  or 
lower  the  supply  voltage  in  accordance  with 
the  demand.  When  normal  voltage  has  again 
been  established,  the  control  circuit  is  auto- 
matically opened  and  the  regulator  comes  to 
rest.  The  current  transformers  and  line-drop 
compensator  are  used  as  a  means  of  repro- 
ducing in  miniature  the  resistance  and  react- 
ance drops  in  the  line  so  that  the  regulator 
can  be  used  for  maintaining  voltage  at  the 
desired  value  at  a  distance  center  irrespective 
of  a  change  in  load  or  power-factor. 

Automatically  operated  regulators  present 
so  many  advantages  over  the  other  methods 
of  operation  that  they  are  used  almost 
exclusively  at  the  present  time,  and  for  this 
reason  only  this  type  of  regulator  will  be 
considered  in  discussing  the  application  of 
voltage  regulators  for  the  control  of  distribut- 
ing feeders,  for  outdoor  installations,  and  for 
substations  tapping  high-tension  transmission 
lines. 


CONTROL  OF  DISTRIBUTING  FEEDERS 

Inasmuch  as  the  feeding  system  may  be 
single-phase,  quarter-phase  three-wire  or  four- 
wire,  or  three-phase  three-wire  or  four-wire, 
and  as  the  conditions  to  be  met  in  the  proper 
application  of  regulators  differ  slightly  for 
each  method  of  distribution,  the  different 
types  of  sj'stems  will  be  considered  separately. 

Single-phase  Feeders 

The  automatic  regulation  of  single-phase 
feeders  presents  no  difficulties,  in  that  there 
is  one  definite  point  to  be  considered  and  the 
boost  or  lower  of  the  regulator  is  directly 
added  to  or  subtracted  from  the  voltage  of 
the  feeder.  If  regulation  to  compensate  for 
drop  to  some  distant  center  is  desired,  one 
current  transformer  and  line-drop  compen- 
sator must  be  included  among  the  auxiliaries, 
whereas  these  accessories  wordd  be  omitted 
if  the  regulator  is  merely  to  maintain  the 
voltage  constant  at  the  station. 

Three-phase  Feeders 

Case  1:  At  times  it  may  be  desirable  to 
connect  the  lighting  load  on  only  one  phase  of 
a  three-phase  feeder.  While  one  single-phase 
regulator  in  this  case  would  regulate  the  volt- 
age satisfactorily,  variations  in  the  power- 
factor  of  the  load  would  affect  the  phase 
relations  of  the  currents  from  the  current  and 
potential  transformers  to  such  an  extent  that 
unsatisfactory  compensation  would  be  ob- 
tained unless  two  interconnected  current 
transformers  are  used.  In  such  an  installation, 
the  regulator  has  its  secondary'  winding  in 
series  with  the  line  and  its  primary  connected 
across  the  phase  so  that  at  unity  power-factor 
the  line  current,  and  consequently  the  series 
transformer  current,  is  displaced  30  deg.  from 
the  phase  voltage  or  the  corresponding 
secondary  current  of  the  potential  trans- 
former. If  the  load  on  the  feeder  is  balanced, 
and  the  power-factor  remains  constant  at 
approximately  unity,  satisfactory  regulation 
can  be  obtained  as  the  line-drop  compensator 
can  be  set  to  counteract  the  error  caused  by 
the  difference  in  phase  relation  of  the  currents 
from  the  current  and  potential  transformers. 
Should  the  power-factor  vary  considerably, 
however,  and  this  be  the  prevailing  con- 
dition, the  phase  displacement  in  the  cuiTents 
may  become  such  that  practicalh'  no  com- 
pensation can  be  obtained.  B}^  using  two 
current  transformers  interconnected,  one  in 
series  with  each  leg  of  the  regulated  phase, 
a  resultant  current  is  obtained  which  is 
proportional  to  the  current  causing  the  drop, 
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aiuhvliich  l)oars  tliesame  relation  In  llic  potcti- 
tial  transformer  current  as  iho  line  ciirriMii 
boars  to  the  i)hasc  volla^e  so  llial  correct  com- 
pensation can  he  obtained  irrespective  of  un- 
balancing in  load  or  clianjje  in  power-factor. 

Case  J:  Where  liKluin^j  is  connected  on 
only  two  phases  of  a  three-jjhase  system  and 
motors  are  connected  to  the  same  feeder,  two 
single-phase  repulators  and  three  intercon- 
nected current  transformers  should  be  used. 
If  the  lliird  current  transformer  were  omitted. 
])roper  compensation  could  not  be  secured 
on  account  of  errors  introduced  by  the  ])hase 
displacements  in  the  current  and  potential 
transformer  circuits  as  already  mentioned. 

Case  3:  Where  lighting  and  power  are 
connected  to  all  three  jihases  of  a  three-phase 
feeder,  cither  one  three-phase  regulator,  two 
single-phase,  or  three  singlc-jjhase  regulators 
may  be  used  depending  on  the  balancing  of 
the  circuit. 

The  operation  of  any  automatic  induction 
regulator,  whether  single-phase  or  three- 
phase,  is  directly  dependent  on  the  contact 
making  voltmeter  which  is  a  single-phase 
device.  Consequently  when  a  three-phase 
regulator  is  used,  the  voltage  on  all  three 
phases  will  be  changed  equally,  the  increase 
or  decrease  depending  on  the  adjustment 
required  by  that  phase  across  which  the 
contact  making  voltmeter  is  connected. 
When  two  single-phase  regulators  are  used, 
two  of  the  phases  will  be  adjusted  inde- 
pendently and  held  at  the  desired  value. 
The  regulation  of  these  two  phases  will  have 
a  tendency  to  improve  the  voltage  across  the 
third  or  non-regulated  phase,  but  the  latter 
will  be  subject  to  variations  under  unbalanced 
conditions  of  load  which  cannot  be  entirely 
controlled.  When  three  single-phase  regu- 
lators are  used  the  voltage  on  all  of  the  phases 
will  be  maintained  at  the  distributing  center 
at  a  constant  value  regardless  of  the  unbal- 
ancing. 

Under  balanced  conditions  of  load  the  same 
regulation  is  obtained  with  a  three-phase 
regulator  as  with  either  tw-o  or  three  single- 
phase  regulators.  This  is  due  to  the  fact  that 
with  a  balanced  load  the  same  adjustment  of 
voltage  will  be  required  on  all  three  phases 
w-ith  a  change  in  load.  With  an  unbalanced 
load,  however,  the  voltage  adjustments  neces- 
sary to  maintain  constant  and  equal  voltage 
on  all  phases  depend  not  only  on  the  change 
in  load  but  also  on  the  unbalancing  in  cur- 
rent. For  instance,  assume  that  the  load 
on  the  feeder  is  made  up  of  a  three-phase 
balanced    motor    load    of    approximately    So 


per  cent  power-factor  anfl  an  unbalanced 
lighting  load.  On  the  basis  that  the  per  cent 
unbalancing  is  determined  as  the  percentage 
which  the  ma.ximum  deviation  fnjm  the 
a\erage  loatl  on  the  three-phases  bears  to  the 
a\eragc,   then  under  a  condition  of    lo   jier 
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Fig.  3.     Variation  in  Voltage  Regulation  of  Three-phase  Feeder 
Under  Varying  Conditions  in  Balancing  of  Load 

cent  unbalancing  a  variation  of  4  per  cent 
above  and  4  per  cent  below  normal  might 
be  obtained  on  the  two  non-regulated  phases 
\\"ith  the  three-phase  unit,  3  per  cent  variation 
either  above  or  below  normal  on  the  one  non- 
regulated  phase  if  two  single-phase  regulators 
were  used,  whereas  normal  voltage  would 
be  maintained  on  all  three  phases  if  three 
single-phase  regulators  were  used. 

In  controlling  a  three-phase  three-wire 
feeder  there  are  no  conditions  of  operation 
under  which  the  use  of  two  single-phase 
regulators  will  not  result  in  as  good  or  better 
regulation  than  can  be  obtained  by  the  use 
of  one  three-phase  unit.  Furthermore,  if  only 
two  single-phase  regulators  are  installed  and 
the  unbalancing  becomes  excessive,  it  will 
only  be  necessary  to  install  the  third  single- 
phase  regulator  in  order  to  obtain  satis- 
factorv  regulation;  whereas  it  will  be  neces- 
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sary  to  replace  the  three-phase  unit  with  three 
single-phase  units  at  a  very  much  greater 
increase  in  cost.  The  single-phase  regulators 
also  have  the  advantage  that  they  are  more 
flexible  in  that  the  same  regulators  can  be 
used  without  change  if  the  system  is  changed 


Fig.  4      Single-phase  Automatic  2300-volt 
Pole-type  Regulator 

from  three-wire  to  four-wire  grounded  neutral 
distribution.  The  only  advantages  for  the 
three-phase  regulator  are  less  floor  space 
required  and  less  inspection  since  only  one 
set  of  auxiliaries  have  to  be  inspected.  In 
general,  the  cost  and  efficiency  for  two  single- 
phase  regulators  are  about  the  same  as  for 
the  three-phase  unit. 

Case  4:  Three-phase  four-wire  feeders  are 
in  quite  common  use,  the  fourth  wire  being 
grounded.  For  such  systems  three  single- 
phase  regulators  should  be  used,  the  second- 
aries being  connected  in  series  with  a  phase 
wire  and  the  primaries  excited  from  phase 
wire  to  neutral.  Very  satisfactory  regulation 
can  be  obtained  by  using  this  method,  as  it 
is  practically  equivalent  to  three  independent 
single-phase  feeders.  If  the  load  is  unbalanced, 
however,  current  will  flow  in  the  ground  wire 
and  an  additional  line-drop  compensator  and 
current  transformer  will  be  required  to  pro- 
vide compensation  for  drop  in  this  wire. 

Two-phase  Feeders 

Two-phase  systems  may  be  three  or  four- 
wire.  In  the  case  of  four-wire  distribution, 
correct  regulation  can  be  obtained  bv  using 


a  two-phase  regulator  if  the  load  is  balanced. 
In  the  three-wire  distribution,  however,  for 
either  balanced  or  unbalanced  conditions  of 
load,  or  if  the  load  is  unbalanced  in  the  four- 
wire  distribution,  two  single-phase  regulators 
should  be  used  as  each  phase  will  then  be 
controlled  independently  and  close  regulation 
can  be  maintained.  If  a  two-phase  unit  were 
installed,  the  non-regulated  phase  would  be 
subject  to  variations  since  the  line  drop  in  the 
regulated  phase  affects  the  voltage  of  the 
other  phase  and  no  means  can  be  provided 
for  correcting  this  condition. 

Regulators  for  Outdoor  Installation 

The  recommendation  was  made  that,  when 
laying  out  the  feeding  system,  an  effort 
should  be  made  to  select  a  size  of  conductor 
that  will  meet  the  probable  future  demand 
rather  than  one  that  will  merely  take  care  of 


Fig.  5.     Single-phase  Automatic  Regulator  Arranged 
for  Outdoor  Instalialion 

the  existing  demand.  Unfortunately,  com- 
munities do  not  alwaj-s  expand  as  expected; 
some  sections  build  up  compactly  and 
steadily  while  others  are  irregular  in  their 
growth  or  spread  over  a  greater  area  than 
originally  contemplated  when  the  feeders  were 
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iiislalU'il.  Il  \\<uilil  1)1'  uiR'i'(iiuimii.';il  to 
rc])ku'f  or  rrinrnn-t'  tlu'  pn-sfiU  lines  or  to 
install  adililional  fi'i-dors  (uv  tlu'  sparsely 
settled  seetions  of  the  eoniiminily,  or  for 
sections  where  the  jjrowlli  has  been  irregular 
as  long  as  the  inaxinuim  loads  on  these  feeders 
arc  considerably  lielow  normal.  At  the  same 
time,  the  vollaj^e  conditions  on  the  feeder  as 
a  whole  arc  far  from  satisfactory  with  respect 
to  both  service  and  anticipated  revenue. 
The  only  solution  of  the  problem  is  to  establish 
two  or  more  load  centers,  each  being  sui)plicd 
from  the  main  feeder  but  having  the  voltage 
maintained  at  normal  regardless  of  variations 
on  the  main  feeder.  This  can  be  accomplished 
by  the  installation  of  induction  regulators 
designed  for  outdoor  installation.  Usually 
these  regulators  arc  installed  at  the  load 
center,  making  it  unnecessary  to  provide 
auxiliaries  to  compensate  for  additional  line 
drop  although  the  regulator  may  be  installed 
at  a  point  distant  from  the  center  if  this  is 
desirable  and  arranged  to  compensate  for 
the  drop  by  emplo}4ng  the  usual  accessories 
similar  to  the  station  regulators. 

This  type  of  regulator  is  also  well  adapted 
for  controlling  the  lighting  circuit  of  an 
industrial  plant  supplied  with  energy  from 
a  feeder  used  primarily  for  the  distribution 
of  power  and,  therefore,  probably  non-regu- 
lated at  the  station.  A  change  in  voltage 
does  not  materially  affect  the  speed  of 
the  average  motor,  but  it  is  detrimental  to 
illumination  and  affects  not  only  the  quality 
of  the  product  manufactured  but  the  out- 
put of  the  plant  and  also  the  safety  of  the 
operator. 

The  advantages  of  improved  illumination 
are  being  more  generally  appreciated  by 
industrial  plant  managers;  but  no  matter  how 
carefully  the  lamps,  reflectors,  and  fixtures 
are  selected  to  pro\*ide  illumination  of  the 
work  and  surroundings  comparable  to  that 
obtained  during  the  natural  lighting  period, 
the  desired  results  will  not  be  obtained  unless 
the  proper  voltage  is  applied  and  maintained 
at  the  lamp  terminals. 

Voltage  Regulation  of  Substations  Tapping  Trans- 
mission Lines 

During  the  past  decade  remarkable  strides 
have  been  made  in  the  distribution  of  energy 
at  high  voltages  over  great  distances  from 
points  w^here  power  can  be  generated  more 
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econoniically  and  more  eflicienlly.  Numerous 
small  generating  stations,  heretofore  entirely 
isolated,  have  been  tied  together,  the  less 
edicient  generating  e(|uipment  in  many  cases 
being  dismantled  and  the  station  converted 
into  a  substation  or  being  replaced  by  an 
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Fig.  6.     Variation  in  Candle-power  of  Lamps  and  Speed  of 
Induction  Motors  with  Variation  of  Applied  Voltage 


outdoor  substation  for  the  transformation  of 
energy  from  the  transmission  voltage  to  a 
voltage  suitable  for  local  distribution.  In 
order  to  provide  voltage  regulation  for  the 
local  system  comparable  to  that  obtained 
from  the  original  generating  equipment  with 
its  generator  voltage  regulator,  it  is  necessary- 
to  install  induction  regulators,  either  indoor 
or  outdoor,  as  the  need  for  regulation  has  not 
been  eliminated  by  the  change.  In  fact,  the 
need  for  regulation  has  been  accentuated  as 
the  line  drop  on  the  local  system  is  unchanged 
and  the  transmission  line  is  subject  to  varia- 
tions which  will  be  impressed  on  the  feeding 
system  if  no  pro\-ision  is  made  to  maintain  the 
voltage  at  normal.  In  an  installation  of  this 
kind,  a  regulator  will  perform  the  double 
function  of  correcting  variations  in  the  supply 
voltage  and  also  compensating  for  drop  in  the 
distributing  feeder. 

Voltage  regulation  of  the  feeding  system 
not  onl\'  results  in  impro\4ng  the  service  to 
the  consumer  and  increasing  the  revenue  to 
the  operating  company,  but  it  also  makes 
possible  the  installation  of  more  economical 
equipment  for  the  generation  and  distribution 
of  pow-er.  Voltage  regulation  closes  the  gap 
between  the  efficient  power  plant  and  the 
equally  eflScient  appliances  in  the  household, 
thereby  enabling  the  Utility  Company  to 
carrv  etficiencv  through  to  the  consumer. 
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A  Year's  Record  of  the  Automatic  Substation 

at  Butte* 

By  E.  J.  Nash 
Electric-^l  Engineer,  Butte  (Mont.)  Electric  Railway 

Now  that  automatic  substations  have  been  in  service  a  sufficient  time  to  warrant  an  examination  of  the 
record  they  have  made,  the  following  article  reporting  a  year's  operation  of  such  a  substation  is  of  interest. 
The  total  cost  of  supply  material  and  maintenance  for  the  Butte  automatic  substation  has  been  but  little  over 
half  the  estimated  amount.  Because  of  this  low  cost  of  upkeep  and  the  reliable  performance  of  the  substa- 
tion, "plans  are  now  being  made  to  add  another  substation  of  the  same  type  to  the  system  and  to  make  the 
central  substation  automatic." — Editor. 


The  design  and  construction  features  of 
automatic  substations  have  received  consid- 
erable, space  in  the  General  Electric 
Review, t  but  there  has  been  comparatively 
little  regarding  their  operating  records.  The 
first  year's  operating  records  of  one  of  these 
stations  may  therefore  be  of  interest,  partic- 
ularly in  view  of  the  fact  that  reliabilty  of 
service  is  of  primary  importance.  In  the 
following  article  are  mentioned  also  a  few 
features  wherein  the  automatic  substation  of 
the  Butte  Electric  Railway  differs,  so  far  as  is 
known,  from  any  thus  far  described  or 
installed.  A  few  comparisons  are  given  also 
as  to  the  relative  characteristics  of  automatic 
and  manually-operated  sta- 
tions containing  machines  of 
the  same  type,  style,  and 
capacity'. 

Figs.  1,  4,  5  and  7  show  the 
general  appearance  of  the 
substation  inside  and  out,  the 
equipment  being  that  found 
in  substations  of  this  type 
generally.  By  way  of  expla- 
nation of  the  presence  of  the 
chicken  wire  netting  seen  on 
the  poles  in  Fig.  1,  it  may  be 
said  that  this  is  used  for 
resistance  between  the  rail  at 
the  station  and  the  negative 
side  of  the  synchronous  con- 
verter in  order  to  insure  the 
desired  condition  that  the 
voltage  drop  from  the  rail  at 
the  station  to  the  negative 
bus  be  the  same  as  the  drop 
from  the  rails  at  any  other 
point  to  the  bus. 

On  account  of  the  termination  of  a  contract 
for   power,    and   also   because   the   company 

*  Reprinted  from  the  Electric  Railway  Journal.  March  22.  1919. 

t  "Operation  of  Railway  Substations  Without  Attendants,"  by 
W.  D.  Beaver.  November,  1917,  p.  S63;  "Give  the  Operator  a 
Job,"  by  C.  M.  Davis.  November.  1916.  p.  1020;  "Automatic 
Railway  Substations."  by  C.  M.  Davis,  October.  1915,  p.  976; 
"Automatic  Substations."  by  H.  R.  Summerhayes.  September, 
1913,  p.  662. 


wished  to  take  care  of  the  return  current  more 
satisfactorily,  it  recently  became  desirable  to 
install  a  new  system  of  distribution  and  to  use 
the  negative  insulated  return-feeder  system 
for  the  mitigation  of  electrolysis. 

The  location  of  a  substation  at  the  load 
center  of  the  system  was  considered;  the  cost 
would  have  been  $19,800  more  for  copper, 
plus  additional  annual  line  loss  of  $1700, 
than  if  one  substation  was  located  at  the 
center  of  load  distribution  for  the  uptown 
district  and  another  was  located  in  the 
South  Butte  residential  district  where  approxi- 
matelj'  25,000  people  reside.  Even  under 
these   conditions  it   would   have   been   more 


Fig.  1.     An  Attractive  Housing  for  the  Automatic  Substation  at  Butte,  Mont. 


economical  to  use 'the  copper  and  suffer  the 
line  loss  than  to  install  a  manualty-operated 
station  in  South  Butte  because  the  company 
pays  each  operator  $7  per  day  for  an  eight- 
hour  shift.  As  this  station  would  have  to  run 
at  least  sixteen  hours  a  day,  making  an 
annual     operating    charge    of    $5110,    it    is 


A  ^•l•:.\k■s  kiicdki)  oi'  riii':  .\i tomatic  sliustation  at  hl'ttic 
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i>1)\i(nis  \vli\-  llu'  aulotiKilic  sul)Slatioii  was 
llio  I'cciiKiniical  solulioii  of  the  prohliMii 
rt'ijarilk'ss  of  an  aihiitioiial  cost  of  $!l()()()  for 
huildiiiKs,  land,  and  cciuipiiu'nt  for  llu' 
synchronous  con\crlcr. 

It  was  estimated  that  one  day's  work  ])cr 
week  was  sullicient  for  cleaning;;  and  inspecting' 
the  apparatus,  amounting;  to  $'.U)4  annually,  as 
an  eleclrican  receives  $7  per  day.  It  was 
estimateil  tliat  materials  would  cost  $2i'-)(>  per 
year,  includinj,'  necessary  incidental  supplies 
such  as  oil,  waste,  brushes,  contacts,  etc. 
The  total  annual  charge  for  material  and 
maintenance  was  thus  estimated  at  $(121);  the 
actual  cost  was  $3oo..SU.  Of  the  latter  amount 
82  per  cent  was  for  labor. 

The  automatic  sulistation  has  j^iven  very 
reliable  service,  for  during  the  year  it  failed 
but  four  times.  On  two  occasions  the  auxil- 
iary to  relay  No.  27  failed  to  open.  This 
relay  keeps  the  station  from  starting  when  the 
alternating-current  voltage  is  low.  In  failing 
the  llrst  time  the  clutch  and  trip  coils  were 
damaged,  as  the  voltage  was  too  low  for  the 
oil  switch  motor  to  complete  the  closing 
operation.  The  damage  would  not  have 
occurred  had  the  circuit  been  properly  fused, 
as  it  was  the  next  time  the  relay  failed.    This 


Diagram  of  Distribution  Syste 
Butte  Electric  Railway 

time  the  damage  was  simply  a  blown  fuse. 
The  manufacturer  of  the  equipment,  the  Gen- 
eral Electric  Company,  replaced  the  auxiliary 
to  relay  No.  27  with  a  relay  of  a  later  type 

•  For  a  description  of  flash  barriers  see  "Protection  from  Flash- 
ing for  Direct-current  Apparatus,"  by  J.  1.  Linebaugh  and  J.  L. 
Burnham,  General  Electric  Review.  July,  1918,  p.  499. 


ami    no    furliu-r    trouble    has    been    ex|jcri- 
cnced. 

On  another  occasion  the  rotary  was  slojjpcd 
on  a  very  hf)t  day  by  the  oiieration  of  the 
bearing  thermostat.  This  thermostat  had  a 
lower  temperature  setting  than  was  necessary 
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Fig.  3.     Simplified  Diagram  of  Substation 
Connections  and  Feeders 


and  the  converter  simply  remained  idle  until 
an  electrican  arrived.  On  another  occasion, 
before  electrolytic  lightning  arresters  were 
installed  on  the  direct-current  feeders,  light- 
ning entered  the  station.  All  the  damage  in 
this  case  consisted  in  a  blown  fuse  and  the 
burning  off  of  the  insulation  from  the  wire  of 
the  lighting  circuit  which  was  tapped  to  the 
feeder. 

It  happens  that  the  machines  in  the  railway 
company's  central  substations  are  of  the  same 
type,  style,  and  capacity  as  that  in  the  auto- 
matic, so  that  there  is  an  excellent  oppor- 
tunity to  compare  the  operation  of  these  two 
substations.  The  synchronous  converters  are 
500-kw.,  60-cycle,  660-volt,  six-phase  General 
Electric  machines,  diametrically  connected. 
The  full-load  rating  is  834  amp.,  and  they 
are  designed  to  carry  50  per  cent  overload 
for  two  hours  and  100  per  cent  overload 
momentarily.  They  have  flash  suppressors,* 
or  arc  coolers,  as  shown  in  Fig.  6. 

The  two  synchronous  converters  in  the 
central  substation  have  flashed  over,  and  have 
flashed  to  the  pedestal.  The  short-circuit 
current  for  the  manually-operated  substation 
has  been  limited  to  less  than  3000  amp. 
Although  on  one  of  the  500,000-circ.  mil 
feeders  the  nearest  trolley  tap  is  more  than 
10,000   ft.   from   the   substation,    a    pedestal 
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flash  was  experienced  from  this  circuit.  By 
way  of  contrast  to  this,  the  automatic 
substation  has  demonstrated  its  ability  to 
handle  a  short-circuit  without  flashing  several 
times  when  the  short-circuit  current  would 
have  reached  a  value  in  excess  of  4000  amp., 


Fig.  4.      Back  of  Switchboard,  with  Resistors  Abo 
Heavy  Contactors  in  Center,  and  Controller 
Cover  in  Foreground 


the  only  indication  of  trouble  was  a  faint 
squeak.  In  one  test  the  trolley  wire  was 
short-circuited  to  the  rail  within  1000  ft.  of 
the  station.  In  this  case  a  flash  started  but 
it  was  extinguished  by  the  wire  arc  coolers. 
This  non-flashing  feature  of  the  automatic 
substation  is  worthy  of  consideration.  It  is, 
of  course,  due  to  the  use  of  the  flash  guards 
and  the  load-limiting  resistors  which  have  a 
cushioning  effect.  These  resistors  could  be 
used  in  a  manually-operated  substation  to 
supplement  the  circuit  breakers. 

As  stated  previously,  lightning  entered  the 
automatic  substation  practically  without  doing 
any  damage.  It  also  entered  the  manually- 
operated  substation,  where  it  jumped  to  the 
low-voltage  release  of  the  synchronous  con- 
verter circuit  breaker  and  blew  the  instru- 
ment fuses.    A  bearing  was  burned  out  in  the 


manually-operated  station,  also,  which  would 
not  have  occurred  with  automatic  control. 

The  automatic  substation,  as  will  be  seen 
from  Fig.  2,  is  located  in  South  Butte  and 
operates  in  parallel  with  the  central  substa- 
tion through  an  automatic  sectionalizing 
switch.  The  automatic  feeds  three  separate 
trolley  sections,  utilizing  practically  but  one 
500,000-circ.  mil  feeder  and  the  double  trolley 
of  the  same  circuits.  This  is  accomplished 
through  the  use  of  two  General  Electric 
automatic  sectionalizing  switches  at  a  point 
where  two  lines  branch  from  the  main  line. 
The  Oregon  Avenue  and  the  Race  Track 
lines  receive  their  power  from  the  Englewood 
or  South  Butte  lines  through  sectionalizing 
switches  Si  and  S2. 

The  contactors  in  the  automatic  substation 
for  the  Oregon  Avenue  and  Race  Track 
feeders  are  used  to  energize  these  circuits 
to  close  the  automatic  sectionalizing  switches 
in  case  they  open  through  overload,  as  the 
breakers  for  the  Englewood  or  South  Butte 
feeders  would  not  open  to  equalize  the 
separate  sections.  The  Oregon  Avenue  and 
Race  Track  feeders  will  (with  a  reduction  in 
voltage)  carry  the  loads  of  these  stations  in  case 
the  power  is  not  on  the  Englewood  section. 

Instead  of  using  a  single  contactor  for  the 
feeders  from  the  automatic  substation,  which 
is  in  parallel  with  the  resistor,  use  is  made  of 


Fig.  5.    Main  Switcliboard  with  Controller  in  Background 

two  contactors  in  each  circuit  so  that  in  case 
of  a  trolley  break  only  the  affected  section  is 
disconnected  from  the  bus.  As  will  be  seen 
from  Fig.  3,  one  contactor  shunts  the  resistor 
and  the  other  is  in  series  with  the  line  on  the 
line  side  of  the  contactor  and  resistor. 


A  vi'ARs  Ri;c()Ri)  (»i'  Tin:  aitdmatk:  SUnSTATIOX  AT  UL'TTi: 


Tlu-  luildinj;  cdil  of  llii;  st-rics  contactor 
is  wired  from  tlit.'  bus  llinnij^h  tlie  contact 
of  a  thermostat  ()lace(l  over  the  resistor  of 
that  circuit.  When  the  shunted  contactor 
opens,  tlirough  the  opening  of  the  contact 
of  a  series  overload  time-limit  closing  relay, 


the  value  of  §(),()()()  would  he  recovered  and 
this  station  would  he  available  in  case  one  of 
the  otiier  units  failed  to  funclif)n.  That  this 
would  he  economical  is  evident  from  the  fact 
that  the  three  ojx-rators  in  the  central  sub- 
station are  paid  STrifi")  per  year. 


Fig.  6.     Motor-driven  Drum  Controller 

current  passes  through  and  heats  the  resistor. 
If  the  temperature  of  this  reaches  a  pre- 
determined value  the  contacts  of  the  ther- 
mostat open,  thus  opening  the  holding  cir- 
cuit of  the  line  contactor  which  disconnects 
the  feeder  from  the  bus.  Bj'  the  use  of  the 
connection  of  the  holding  coils  as  shown  in 
Fig.  3,  the  contactors  are  closed  whether  the 
station  is  running  or  not.  This  is  necessary, 
for  at  night  when  the  automatic  substa- 
tion is  not  running,  the  closed  contactors 
furnish  power  for  Oregon  Avenue  and 
the  Race  Track  to  close  the  sectionalizing 
s^^'^tches  in  case  they  open  on  account  of 
overload. 

The  operation  of  the  South  Butte  automatic 
substation  has  been  so  satisfactory  that  plans 
are  now  being  made  to  add  another  substation 
of  the  same  type  to  the  system  and  to  make 
the  central  substation  automatic.  By  the 
addition  of  a   second  substation,   copper  to 


Fig.  7.     Transformers,  Converter  and  Auxiliaries 

In  conclusion,  and  for  purpose  of  complete- 
ness, it  should  be  stated  that  the  population 
of  Butte  is  given  by  the  1910  United  States 
Census  as  39,16.5.  This  figure  is  misleading 
as  it  includes  only  the  inhabitants  of  the 
small  area  within  the  city  limits,  covering 
about  53^2  sq.  miles.  There  are  a  number  of 
towns  and  residential  sections  adjoining  the 
city  with  an  aggregate  population  of  about 
70,000.  Consequently  the  total  population 
served  by  the  railway  is  at  least  100,000. 


Fig.  8.     Commutating-polc  500-kw.  Synchro 


;  Converter,  showing  Flash  Barriers 
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Mazda  Lamps  for  Motion  Picture  Projection 

By  L.  C.  Porter 
Edison  Lamp  Works,  General  Electric  Company 

This  article  describes  some  changes  that  have  been  made  in  Edison  Mazda  Lamps  for  motion  picture 
projection  as  the  result  of  further  research  and  experience  from  service  installations.  The  lamp  wattage  has 
been  increased  to  900  and  a  tubular  bulb  used  in  place  of  the  spherical  bulb,  permitting  a  nearer  setting  of 
the  mirror  and  consequently  a  greater  volume  of  light.  Some  improvements  in  control  apparatus  have  also 
been  effected  and  are  described  in  the  article. — Editor. 


In  the  December,  1917,  issue  of  the  Gen- 
eral Electric  Review  there  appeared  a 
discussion  of  the  application  of  Edison  Mazda 
lamps  to  motion  picture  projectors.  That 
article  described  the  principles  involved  in 
the  lens  system  and  illustrated  the  apparatus 
necessary  to  change  the  light  source  of  the 
projector  from  an  arc  lamp  to  an  incandescent 
lamp. 

Since  that  article  was  written,  a  great  deal 
of  research  work  has  been  done  and  con- 
siderable experience  obtained  from  service 
installations,  with  the  result  that  some 
changes  have  been  made  in  Edison  Mazda 
projection. 

The  750-watt  lamp  has  been  increased  to 
900  watts  and  the  bulb  changed  from  a  GT-29 


to  a  T-20  (Figs.  3  and  4).  The  new  lamp 
operates  at  30  volts,  30  amperes.  It  is  10  in. 
overall,  2J>2  in.  diameter,  3%  in.  light  center 
length,  and  is  fitted  with  a  Mogul  base;  in 
other  words,  it  is  in  the  same  bulb  as  the 
600-watt,  30-volt,  20-ampere  lamp.  The  new 
900-watt  lamp  should  increase  the  screen 
illumination  considerably  over  that  obtained 
with  the  old  750-watt  lamp. 

The  method  of  mounting  the  filaments  in 
the  bulb  of  both  the  900  and  the  600-watt 
lamps  has  been  changed  somewhat  from 
the  construction  shown  in  Fig.  5  of  the  Gen- 
eral Electric  Review  for  December,  1917. 
The  relative  settings  of  lamp,  lens  and  mirror, 
however,  remain  the  same.  Because  of  the 
fact  that  the  900-watt  lamp  is  now  in  the 


Fig.  1.     Drawing  showing  proper  relative  setting  of  Large 

Spherical  Mirror,  Motion  Picture  Lamp,  and  Large 

Prismatic  Condenser 


Fig.  2.     Drawing  showing  proper  relative  setting  of  Small 

Spherical  Mirror,  Motion  Picture  Lamp,  and  Small 

Prismatic  Condenser 
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Fig.  3.     Front  View  of  600  and  900-watt  Mazda  Moti( 
Picture  Lamps 


Fig.  4.     Side  View  of  600  and  900-watt    Mazda  Motion 
Picttire  Lamps 


Fig.  5  Fig.  6 

Figs.  5  and  6      Automatic  Controller  for  Edison  Mazda  Projection  Lamps  Operatini  on  A.C.  Circuits. 
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Fig.  7.     Tubular  Stereopticon  Lamps,  100-125  Volt  Range 


same  bulb  as  the  600-watt,  it  is  possible  to 
use  the  smaller  mirror  and  condenser,  if 
desired  (Figs.  2  and  3).  This  results  in  a 
more  compact  lamp  housing,  but  has  the  dis- 
advantages of  more  rapid  mirror  deterioration, 
due  to  its  close  proximity  to  the  lamp,  and 
shorter  working  distance  between  the  con- 
densers and  aperture  plate. 

A  new  and  more  compact  type  of  control 
(Figs.  9  and  10)  has  been  developed,  which  is 
known  as  the  Argus  current  regulator.*  This 
device  is  made  in  two  sizes,  one  for  the  600- 
watt  lamp  and  the  other  for  the  900-watt 
lamp. 

By  turning  the  handle  on  the  device,  the 
proper  lamp  current  may  be  maintained  on 
any  hne  voltage  between  100  and  125.  With 
this  regulator  it  is  necessary  to  use  an  am- 
meter in  the  lamp  circuit.  The  meter  should 
be  located  at  least  two  feet  away  from  the 
regulator,  so  that  the  magnetic  field  from  the 
latter  will  not  affect  the  accuracy  of  the 
meter. 

Another  type  of  regulator  has  also  been 
developed,  and  is  known  as  the  automatic  or 
constant  current  regulator  (Figs.  5  and  6). 
This  device  has  many  advantages  over  the 
hand  type  of  control.  No  matter  how  fre- 
quently the  line  voltage  iluctuates,  nor  over 
what  range  within  the  limits  of  105  to  125 
volts,  the  regulator  automatically  holds  the 

*  May  be  obtained  through  the  Argus  Lamp  and  Appliance 
Company.  Cleveland.  Ohio. 


lamp  current  constant  at  exactly  the  proper 
value.  No  ammeter  is  required  with  this 
control,  and  when  once  properly  installed  it 
requires  no  further  attention  on  the  part  of 
the  operator.  This  arrangement  gives  him 
more  time  to  attend   to  his  machines,   and 
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Fig.  8.     Tubular  Stereopticon  Lamps.  30-12-6  Volt  Range 

assures  maximum  life  from  the  lamps  with 
constant  illumination  on  the  screen.  The 
control  automatically  protects  the  lamp  from 
a  heav}'  inrush  of  current  when  it  is  first 
turned  on.  This  is  not  the  case  with  the  hand 
control,   if  the  operator  forgets  to  turn  his 
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hail 

till'  liiu'  swiU'h. 

The  advanlaj^es  of  the  autoiiialic  control, 
])arlicularly  the  saving  in  lamp  renewals  and 
cost  of  an  amnieter,  shotild  more  than  olTsel 
its  slight    adiiiliona!   cost.      The   rej^'uialor  is 


Fig.  9.     Argus  Hand  Control 

furnished  in  two  sizes,  one  for  the  600-watt 
lamp  and  the  other  for  the  90()-\vatt  lamp. 
It  is  to  be  highly  recommended  for  all  a-c. 
installations  of  Edison  Mazda  lamps  for  pro- 
jection ser\'ice.* 

The  large  housing  shown  in  Fig.  8  of  the 
General  Electric  Review  for  December, 
1917,  remains  practically  unchanged  and  has 
proved  most  successful  in  ser\-ice.  There  is 
now  available  an  adapter  that  may  be  fastened 


*  These  devices  can  be  obtained  tlirough  the  Supply 
Department  of  the  General  Electric  Company.  Sche- 
nectady, N.  Y. 

t  This  de\'ice,  known  as  the  Argus  adapter  (Fig.  11). 
is  made  by  the  General  Electric  Companv  and  is  ob- 
tainable from  the  Argus  Lamp  and  Appl: 
Cleveland,  Ohio. 


to  the  front  of  an  arc  housing  to  enable  the 
use  of  lidison  Mazda  lamps  without  rcmovinj^ 
the  arc  housinj,'.!  liilher  the  (KM)  or  !i()0-watt 
lami)  may  be  used  in  this  adajiter. 

The  fielcl   for   small    motion    jjiclure   pro- 
jectors and  stercopticon  lanterns  for  home 


Fig.  10.     Argus  Hand  Control  with  Casing  Removed 

and  educational  purposes  has  also  been 
developing  rapidly.  For  this  field  a  line  of 
tubular  Edison  Mazda  lamps  has  been  devel- 
oped (Figs.  7  and  8).  These  lamps  are  to  be 
recommended  in  old  machines  wherever  the 
housings  will  accommodate  them  and  for  all 
new  developments.  Round  bulb  lamps  will 
continue  to  be  available  for  those  projectors 
already  in  ser\T[ce  ^-ith  housings  which  will 
not  accommodate  the  new  lamps.  The  new 
lamps  have  the  advantage  of  enabling 
the  condenser  to  be  placed  closer  to 
the  filament,  thus  picking  up  a  larger 
angle  of  Hght  with  a  corresponding 
increase  in  screen  illumination. 


Fig.  11.     Argus  Lamp  Housing 
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BOOK  REVIEWS 


The  Principles  Underiying  Radio  Com- 
munication— Radio  Pamphlet  No.  40,  Signal 
Corps.  Prepared  by  the  Bureau  of  Standards 
under  the  direction  of  the  Office  of  the  Chief 
Signal  Officer  of  the  Army,  Training  Section. 
iVIay  be  obtained  from  the  Superintendent  of 
Public  Documents,  Government  Printing 
Office,  Washington,  55^;  355  pages,  illustrated 

For  the  preparation  of  this  book,  the  staff 
of  the  Bureau  of  Standards  was  temporarily 
increased  by  the  following  men:  Dr.  F.  W. 
Grover  of  Colby  College,  Prof.  C.  M.  Smith  of 
Purdue,  Prof.  G.  F.  Wittig  of  Pennsylvania 
(now  of  Yale),  Dr.  A.  D.  Cole  of  Ohio  State, 
Dr.  L.  P.  Wheeler  of  Yale,  and  Prof.  H.  M. 
Royal  of  Clarkson  college  of  Technology,  who 
worked  under  the  active  direction  of  Dr.  J. 
H.  Dellinger  of  the  regular  staff  of  the  Bureau. 
Prof.  H.  V.  Bozell  of  Yale,  of  the  consulting 
staff  of  the  Bureau,  and  of  the  War  Depart- 
ment's Education  Committee,  was  in  fre- 
quent conference  on  the  scope  and  manner  of 
presentation.  The  work  was  edited  and 
published  under  the  direct  supervision  of 
Capt.  H.  L.  Brown  of  the  staff  of  Colonel  J. 
C.  Moore  of  the  Signal  Corps. 

The  book  is  an  excellent  elementary  text 
on  the  principles  underlying  radio  com- 
munication. It  was  prepared  particularly  for 
the  needs  of  non-commissioned  officers  of  the 
Signal  Corps  and  men  in  training  to  become 
non-commissioned  officers.  In  general,  the 
book  is  written  upon  the  assumption  that  the 
reader  has  a  mental  training  equivalent  to 
the  usual  high  school  Senior  or  graduate. 
This  naturally  limits  the  scope  of  the  treaties 
to  more  or  less  elementary  considerations,  but, 
in  spite  of  this  limitation,  it  is  remarkable  how 
valuable  the  book  is  to  anyone  not  already 
quite  far  advanced  in  radio  or  in  things  electri- 
cal. Even  to  the  electrical  and  radio  engineer 
the  concise,  clear,  comprehensive  treatment 
is  appealing  and  invites  reading. 

About  half  of  the  book  is  devoted  to  the 
general  chapter  headings  of  elementary  elec- 
tricity, including  magnetic  and  electric  circuits 


both  direct  and  alternating,  batteries,  and 
dynamo  electric  machinery.  The  other  half 
is  devoted  to  rad'o  circuits,  electro-magnetic 
waves,  apparatus  for  transmission  and  recep- 
tion, and  vacuum  tubes.  It  appeared  neces- 
sary to  develop  the  theory  of  electricity  from 
the  beginning  for  the  type  of  man  to  be 
reached  and  to  carry  radio  communication 
to  a  point  which  would  make  it  understand- 
able to  the  men  who  had  to  repair  and  operate 
rather  ■complex  apparatus. 

The  treatment  is  very  clear  and  logical. 
The  illustrations  are  excellent.  Use  has  been 
made  of  only  the  simplest  mathemat'.cs, 
nothing  more  than  arithmetic  and  simple 
algebra;  definitions,  illustrations,  and  anal- 
ogies have  been  used  which,  perhaps,  would 
not  be  used  for  more  advanced  students  but 
which  add  much  to  the  attractiveness  of  the 
book.  For  further  study  frequent  references 
are  given  to  standard  books  and  to  derivations 
and  developments  of  formulse  and  facts  which 
are  merely  stated  or  shown  by  analogy.  The 
book  as  a  whole  is  very  readable  and  provides 
an  excellent  text  for  the  amateur,  the  more 
advanced  operator,  or  even  the  advanced 
student  who  is  just  beginning  his  study  of 
radio.  The  first  half  of  the  book  alone  is  a 
splendid  presentation  of  the  subjects  of 
electrical  circuits,  batteries,  and  machines  and 
is  suitable  as  a  text  or  review  on  these  subjects , 
irrespective  of  one's  interest  in  radio.  In  the 
second  half,  where  radio  is  emphasized,  while 
in  mathematics  the  book  may  be  elementary, 
in  practical  presentation  it  is  sufficiently 
rigid,  concise,  and  complete  for  all  practical 
purposes.  Much  of  the  historical  material  of 
no  present  value,  usually  found  in  radio  books, 
is  not  present,  while  there  is  present  much 
which  books  even  one  or  two  years  old  do  not 
contain. 

As  a  whole  this  work,  produced  as  a  war 
time  necessity,  should  be  much  in  demand, 
and  the  public  should  be  grateful  to  the 
Signal  Corps  for  making  it  available  for 
general  distribution. 
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In  1)110  111  ihc  arlick's  in  our  i)rt'S(.'nt  issue 
Dr.  Sloinmctz  points  out  that  in  the  develop- 
ment of  the  Arts  and  Sciences  we  sometimes 
strike  barriers  which  appear  to  stoj)  ])roj^ress 
for  a  time,  and  that  this  is  specially  true  in  the 
industries  that  ha\-c  enjoyed  such  rai)id  dc- 
veloi)mcnt  as  electrical  en<;inoerin<j.  This  is 
an  intcrestinj;  thoujjht  at  the  present  time, 
after  we  have  just  passed  throuijh  the  jjreatest 
world-wide  uj^heaval  of  which  we  have  record. 
Can  such  a  calamity  as  the  p;reat  world  war  ulti- 
malch-  leatl  to  j )ro.t;ress  ?  Will  it  lead  to  the  re- 
moval of  some  of  these  barriers '  This  is  a  use- 
ful question  for  engineers  to  ask  themselves. 

We  have  ample  evidence  that  great  prog- 
ress was  made  along  many  lines  as  the  direct 
result  of  the  necessity  that  the  war  imposed. 
We  publish  in  this  issue  Part  II  of  the  war  ac- 
tivities of  the  General  Electric  Company,  and 
throughout  this  story  there  are  recorded  de- 
velopments that  were  stimulated,  and,  in- 
deed, some  that  were  originated,  by  the  war. 
— A  new  type  of  CooHdge  X-ray  tube;  a  host 
of  radical  improvements  in  wireless  tele- 
graphy and  telephony;  great  strides  made  in 
the  art  of  electric  welding  and  improvements 
made  in  insulating  materials;  and  in  sub- 
sequent issues  we  shall  show  other  develop- 
ments which  were  products  of  war-time  activi- 
ties. Indeed,  so  marked  were  the  develop- 
ments in  searchlights  alone  that  we  are  plan- 
ning to  devote  an  issue  of  the  Review  to  re- 
cording these  achie\-ements. 

Many  of  the  developments  stimulated  by 
war  are  going  to  find  peace-time  applications  in 
the  arts  and  industries.  Perhaps  some  of  the 
most  notable  of  the  developments  that  were 
stimulated  by  the  war,  and  that  are  destined 
to  play  a  large  part  in  human  progress  in  times 
of  peace  are  to  be  found  in  the  realms  of  avia- 
tion. The  first  trip  by  air  across  the  Atlantic. 
via  the  Azores;  the  first  direct  flight,  both  ac- 
complished in  heavier  than  air  machines,  and 
the  epoch-making  voyage  of  the  R-34,  fol- 
lowed one  another  in  such  rapid  succession 
that  it  is,  perhaps,  hard  to  realize  the  magni- 
tude of  the  accomplishments.  The  fairytale 
of  yesterday  has  become  the  reality  of  today, 
and  where  these  achievements  are  to  lead  us  is 
hard  to  predict. 


Tile  de\elopments  that  can  be  traced  di- 
rectly to  the  war  are  far-reaching  in  effect,  but 
the  develo]jments  that  f)we  their  stimulus  only 
indirectly  to  the  war,  will  be  harder  to  trace, 
but  will,  in  all  jirobability,  be  more  numerous 
and  more  far-reaching  in  our  general  scheme  of 
human  progress. 

The  war  led  to  a  host  of  workers  dropping 
their  usual  jjursuits  and  prosecuting  war  work 
on  an  intensive  basis;  in  short,  whole  countries 
were  forced  out  of  the  rut  which  has  been  just 
as  destructive  to  national  jjrogress  as  it  is 
recognized  to  be  in  the  case  of  individuals.  It 
is  this  general  stimulus,  and  the  keen  com- 
petition that  The  Great  Change  has  brought 
about,  that  will  lead  to  a  host  of  new  develop- 
ments. Many  of  those  who  dropped  their 
work  to  pursue  war  activities  have  returned 
to  their  old,  or  to  new,  jobs  with  quickened 
brain  power,  added  energy,  and  stimulated 
ambition,  and  will  find  a  more  fertile  field  for 
their  acti\-ities  in  a  world  that  has  been  so 
thoroughly  shaken  out  of  the  rut. 

In  this  connection  we  call  attention  to  Dr. 
Langmuir's  article,  the  second  part  of  which 
appears  in  this  issue.  We  confess  this  article 
is  not  easy  reading,  but  his  postulates  give  a 
great  deal  of  food  for  thought  in  the  realms  of 
chemistry  and  physics;  they  are  an  attempt 
to  simplify  the  laws  which  govern  the  struc- 
ture of  atoms  and  molecules.  It  is  such 
studies  as  this  that  are  destined  to  have  such 
a  far-reaching  effect  on  the  progress  of  our 
knowledge  of  natural  science,  and  that  we 
may  expect  to  see  taken  up  with  added  \ngor 
now  that  peace  has  been  restored. 

We  hope  shortly  to  record  in  the  Review 
some  of  Dr.  Hull's  work  which  was  inter- 
rupted by  the  war  but  is  now  being  continued, 
on  the  X-ray  spectra  of  crystalline  materials, 
and  to  show  our  readers  how  it  is  now  possible 
to  actually  photograph  the  atom.  What  these 
developments  may  lead  to  in  the  realms  of 
both  qualitative  and  quantitative  analysis  is 
fascinating  to  contemplate. 

It  is  not  in  such  spheres  of  acti\'ities  alone 
that  we  may  expect  marked  developments  as 
a  product  of  the  war.  We  have  learned  more 
thoroughly  the  value  of  organization,  both 
national  and  international,  and  added  to  this 
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there  has  been  a  friendliness  built  up  between 
the  allied  nations  which  will  lead  to  much 
progress  through  co-operation  in  both  science 
and  engineering. 

In  just  what  direction  we  are  to  see  most 
progress  for  the  next  decade  or  two  it  is  hard 
to  prophesy,  but  we  believe  that  history  will 
repeat  itself  and  that  advancements  in  many 
directions  will  follow  one  another  in  rapid  suc- 
cession, and  we  believe  that  such  advance- 
ment will  not  be  limited  to  engineering  and 
scientific  progress,  but  will  include  political 
improvements  which  will  be  far-reaching  in 
■their  effect  on  the  future  welfare  of  mankind. 
The  trend  of  events  for  the  last  few  years  call 
vividly  to  mind  those  prophetic  lines  of 
Tennyson  in  Locksley  Hall;  written  over 
quarter  of  a  century  ago : 

"For  I  dipt  into  the  future,  far  as  human  eye  could 
see. 
Saw  the  vision  of  the  world,  and  all  the  wonder  that 
would  be; 

Saw  the  heavens  filled  with  commerce,  argosies  of 

magic  sails. 
Pilots  of  the  purple  twilight,  dropping  down  with 

costly  bales; 

Heard  the  heavens  fill  with  shouting,   and  there 

rain'd  a  ghastly  dew, 
From   the   Nations'   airy  navies  grappling  in  the 

central  blue; 

Far  along  the  world-wide  whisper  of  the  south- wind 

rushing  warm. 
With  the  standard  of  the  people  plunging  thro'  the 

thunder  storm, 

'Til    the    war-drum    throbb'd    no   longer,    and   the 

battle  flags  were  furl'd. 
In  the  Parliament  of  man,  the  Federation  of  the 

■World. 

There  the  common  sense  of  most  shall  hold  a  fretful 

realm  in  awe. 
And    the    kindly    earth    shall     slumber,    lapt    in 

universal  law." 


This  prophecy  has  surely  been  partly  ful- 
filled: the  ghastly  dews  have  rained  from  the 
sky;  the  war-drums  have  ceased  beating;  how 
far  shall  the  League  of  Nations  fall  short  of 
"The  Parliament  of  Man — the  Federation  of 
the  World?"  The  great  political  thought  has 
been  sown ;  we  believe  it  will  bear  fruit.  If  it 
is  to  bear  fruit  the  engineer  must,  sometime 
look  up  from  his  all-absorbing  tasks  and  take 
an  interest  in  our  political  life.  Some  of  the 
best  brains  in  the  country  are  in  the  engineer- 
ing professions.  They  must  now  take  a 
broader  view  of  their  national  and  interna- 
tional responsibilities.  With  the  faith  and 
hope  we  have  in  the  new  progress  we  still 
recognize  that  there  are  great  dangers  ahead, 
but  we  believe  that  "the  common  sense  of 
most  shall  hold  a  fretful  realm  in  awe."  We 
believe  that  common  sense  is  the  best  cure  for 
Bolshevism,  and  we  believe  that  most  people, 
in  all  walks  of  life,  have  a  good  share  of  com- 
mon sense.  Most  capitalists  are  trying  to 
look  the  situation  squarely  in  the  face  and  be 
just.  And  we  believe  that  Labor  will  have  the 
good  sense  to  discriminate  between  good  and 
bad  leadership — to  distinguish  between  liberty 
and  license,  and,  we  hope,  to  recognize  the 
fact  that  he  is  often  the  victim  of  paid 
propoganda,  which  is  one  of  the  greatest 
enemies  of  democracy. 

While  it  is  true  that  "Science  moves,  but 
slowly,  slowly  creeping  on  from  point  to 
point" — and  that  the  same  holds  good  of  en- 
gineering and  political  progress,  we  believe 
that  the  great  World  War  will  speed  up  prog- 
ress in  all  these  directions  and  that  the  next 
quarter  of  a  century  is  to  be  the  greatest  era 
of  progress  that  the  world  has  seen.  This  is 
our  one  consolation  that  we  can  get  from  the 
great  world  tragedy. 

J.  R.  H 


.•(i5 


Electric  Power  Collection 

Hy  CiiARLKS  p.  .Stkinmijtz 
Cdnsii.tim;  IJnc-.inkkr,  (Iknkkai.  Ei.bctuic  Company 

Dr.  Slcinniclz  points  out  tliat  wo  soniflimos  meet  harriers  to  further  progress  in  such  rapidly  advaniinn 
industries  as  electrical  cnKineerinR.  The  generation  of  electric  power  seems  to  have  reached  a  harrier.  A 
motor  is  a  comparatively  small  unit  compared  with  our  huge  modern  generator.  The  very  sine  of  our  gener- 
ating ])lants  has  made  them  more  comiilex,  but  many  of  the  refinements  of  controlling  and  switching  mecha- 
nisms might  be  dispensed  with  in  a  power  unit  no  larger  than  a  motor  unit.  The  author  proposes  the  use  of 
small  generator  installations  with  simjile  switches  and  fuses  to  make  use  of  our  small  water  powers  and  thus 
conserve  our  fuel  resources. — Editor. 


In  the  development  of  arts  and  sciences, 
and  especially  in  industries  which  have 
advanced  as  rapidly  as  electrical  en^^ineeriiig, 
we  frequently  strike  barriers  which  seem 
to  stop  further  progress  in  a  certain  direction 
and  give  the  impression  that  the  possibilities 
have  been  exhausted  and  the  final  limit 
reached  in  this  direction,  until  some  new 
idea  carries  us  beyond  or  around  the 
apparently  unsurmountable  barrier  and  the 
beyond  shows  us  a  field  of  development 
vastly  greater  e\'en  than  what  had  before  been 
considered  as  the  final  possibilities.  Or  more 
often  it  is  an  old  idea,  which  though  dis- 
carded in  the  earlier  days  of  development, 
leads  us  beyond  the  barrier  which  had 
stopped  progress.  Thus,  when  we  see  develop- 
ment slow  down  and  apparently  the  limit 
of  progress  reached  in  certain  directions,  it  is 
ad\asable  to  go  back  to  the  earlier  days  and 
search  whether,  amongst  the  ideas  then 
unsuccessfull}^  tried,  we  may  not  find  some 
which  lead  to  success  under  the  changed 
conditions. 

A  good  illustration  is  given  by  the  history 
of  electric  lightitig.  Metal  filaments  were 
tried  but  found  wanting  in  the  early  days, 
before  the  carbon  filament,  and  for  a  quarter 
of  a  century  the  latter  held  sway.  But  after 
the  first  few  years  of  rapid  advance,  progress 
.slowed  down  and  apparently  the  ultimate 
limit  had  been  reached  at  about  three  watts 
per  mean  spherical  candle-power.  Then  the 
old  idea  of  the  metal  filament,  backed  by  the 
twenty  years'  advance  of  chemical  engineer- 
ing, carried  us  around  the  barrier  and  more 
than  quadrupled  the  efficiency  of  incan- 
descent lighting. 

So  power  generation  b}-  the  reciprocating 
steam  engine  seemed  to  approach  a  limit  in 
size  and  economy  of  units,  until  the  develop- 
ment of  the  oldest  type  of  steam  engine,  the 
steam  turbine,  carried  us  far  beyond  the 
possibilities  of  the  reciprocating  steam  engine. 

So  the  interpole  or  the  commutating  pole 
had  been  known  for  many  years,  but  lay 
dormant  until  with  the  change  of  conditions 


of  commutating  machine  design  it  became 
the  means  of  adx'ance  beyond  the  barriers 
which  were  limiting  further  progress. 

But  if  ever  progress  was  important,  and 
especially  engineering  progress,  beyond  the 
barriers  retarding  the  advance,  it  is  now,  in 
our  present  period  of  the  world's  reconstruc- 
tion. 

But  to  progress  beyond  barriers,  we  first 
have  to  see  and  realize  those  barriers,  and 
long  familiarity  with  existing  methods  of 
doing  things  tends  to  standardize  our  thoughts 
and  leads  us  to  consider  as  essential  and 
inherent,  features  which  are  only  incidental 
and  due  to  the  conditions  under  which  the 
development  has  taken  place,  and  disables 
us,  when  these  conditions  change,  to  see 
beyond  the  incidental  limitations.  Stand- 
ardization is  useful  and  important,  and 
indeed  industrial  progress  would  be  impos- 
sible in  the  chaos  which  would  result  without 
standardization,  but  standardization  becomes 
harmful  when  extending  to  our  thoughts 
whether  and  how  things  can  be  accomplished. 
One  of  the  first  ways  to  realize  and  overcome 
this  limitation  is  to  review  the  development 
and  ask  ourselves  why  it  has  taken  place  in 
that  particular  direction,  how  far  the  course 
of  development  has  been  due  to  temporary 
conditions  and  whether  with  the  change  of 
these  conditions  a  different  direction  of 
development  may  lead  us  beyond  the  possi- 
bilities of  our  present  achievements. 

Let  us  apply  this  to  the  development  of 
electrical  machinery. 

The  electric  generator  and  the  electric 
motor  are  identical.  Ofteti  the  same  machine 
is  used  as  generator  or  as  motor,  and  where 
there  are  dift'erences  in  construction,  they  are 
in  details,  to  accentuate  certain  characteristics 
for  certain  purposes. 

Thus  in  a  synchronous  m.achiiie  we  m.ay  add 
a  squirrel  cage  winding  in  the  field  pole  shoes, 
when  used  as  synchronous  motor,  to  give  a 
better  starting  torque,  while  we  may  omit  this 
winding  in  the  generator;  but  the  turbo- 
alternator  when  left  in  circitit.  with  the  steam 
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cut  off  the  turbine,  continues  to  revolve  and 
is  just  as  good  a  synchronous  motor;  in  a 
commutating  machine  we  may  add  a  series 
field  when  intended  as  a  generator,  to  give 
better  voltage  regulation,  and  omit  it  in  the 
use  as  m.otor,  since  the  speed  regulation' of  the 
shunt  motor  is  sufficiently  close,  etc. 

Looking  back  over  the  electrical  develop- 
ment of  the  last  quarter  of  a  century,  we  have 
seen  the  size  of  generators  and  generating 
stations  steadily  increase,  due  to  the  higher 
economy  of  larger  generators  and  generating 
stations.  The  maximum  size  of  motors  also 
has  steadily  increased  up  to  units  of  many 
thousand  horse  power;  but  the  average  size 
of  motors  has  increased  little,  if  at  all,  due  to 
the  increasing  use  of  individual  motors, 
applied  directly  to  the  driven  machines. 

The  average  motor  is  installed  with  a 
switch  to  turn  it  on,  and  a  fuse  to  cut  it  off  in 
case  of  overload  or  accident,  and  then  left 
to  itself  with  practically  no  attention.  In  the 
generator  installation,  however,  we  find  a 
very  elaborate  system  of  switchboards, 
instruments,  controlling  and  protective  de- 
vices, etc.,  requiring  continuous  and  highly 
skilled  attention.  Why  is  this,  if  generator 
and  motor  are  the  same  type  of  apparatus? 
Obviously,  it  is  not  due  to  the  use  of  the 
machine,  in  the  one  case  as  motor,  in  the 
other  case  as  generator,  but  it  is  due  to  the 
size  of  the  machine.  With  the  huge  size  of  the 
average  generator  installation,  an  elaborate 
system  of  control  and  protection  becomes 
necessary,  which  is  not  necessary  with  the 
average  small  motor  installation,  and  indeed, 
in  the  installation  of  very  large  motors,  we 
find  more  controlling  and  protective  devices 
than  a  switch  and  a  fuse. 

Thus,  inherently  a  generator  installation  is 
no  more  complex  than  a  motor  installation. 
The  complexity  of  the  modern  generator 
installation  is  the  necessary  result  of  its  huge 
size,  and  a  small  generator  installation  could 
be  as  simple,  Hniited  to  switch  and  fuse  as 
controlling  and  protective  devices,  could  be 
left  to  run  itself  with  occasional  inspection,  as 
a  small  motor  installation. 

Thus  if  the  average  size  of  generator  instal- 
lation has  steadily  increased,  while  the 
average  size  of  motor  has  .not,  this  is  not  due 
to  the  complexity  required  in  the  former,  but 
the  reverse  is  the  case,  the  complexity  of  the 
generator  installation  is  the  result  of  its  huge 
size. 

The  difference  in  the  course  of  develop- 
ment of  motor  and  generator  thus  must  be 
foixnd  in  other  directions.     As  an  instance,  let 


us  consider  the  application  of  the  electric  drive 
to  the  cotton  mill  industry,  which  is  typical  of 
the  entire  electric  motor  development. 

When  the  first  cotton  mill  was  electrified  in 
1S94,  the  steam  engine  was  taken  out,  and  a 
400-h.p.  synchronous  motor  put  into  its  place, 
driving  by  belts  and  shafts  and  counter- 
shafts the  indiAadual  machines,  that  is,  the 
power  was  generated  electrically,  but  dis- 
tributed mechanically.  But  in  the  new  mill 
of  the  same  plant,  a  number  of  100-h.p. 
induction  motors  were  installed,  each  driving 
a  line  of  shafting  to  which  the  individual 
machines  were  belted,  that  is,  at  least  a  part 
of  the  power  distribution  was  done  electri- 
cally. I  need  not  to  say  that  even  this  is 
antiquated  and  that  experience  has  long 
proven  that  the  most  economical  arrange- 
ment is  to  entirely  eliminate  mechanical 
power  distribution  and  distribute  all  the 
]Dower  electrically,  up  to  .the  individual 
driven  machine.  That  is,  to  have  individual 
motors  at  every  machine.  This  has  long 
become  the  standard  method  of  electric  motor 
application.  This  is  the  reason  why  the 
average  size  of  electric  motor  is  small,  cor- 
responding to  the  power  required  by  the 
individual  machine,  and  large  motors  are 
used  only  where  a  large  unit  of  mechanical 
power  is  required,  as  at  the  rolls  of  a  steel 
mill,   or  the  propeller  of  the  battle  cruiser. 

But  in  electric  generation  we  are  still  in 
the  first  stage,  that  typified  by  the  huge 
synchronous  motor  distributing  power 
mechanically  through  numerous  belts,  shafts, 
and  countershafts.  We  collect  the  power  of  a 
watershed  mechanically  by  elaborate  hydrau- 
lic works,  costing  man^^  times  more  than  the 
most  elaborate  electric  generating  station, 
and  then  in  a  big  unit  convert  the  hydrauHc, 
that  is,  mechanical  power  into  electric  power 
in  a  modern  synchronous  generating  station. 
Or  we  burn  millions  of  tons  of  coal  under  the 
steam  boilers  of  our  huge  steam  stations, 
extract  10  to  15,  or  possibly  20  per  cent  of  its 
energy  as  electric  power,  and  then  pay  for  the 
condensing  water  to  throw  away  the  SO  odd 
remaining  per  cent  of  the  heat  energy  of  the 
fuel,  while  in  numerous  other  furnaces  we 
burn  millions  of  tons  of  coal  to  produce  heat, 
but  waste  the  potential  mechanical  and 
electrical  energy  of  this  coal. 

This  is  not  a  condition  to  make  us  proud 
of  our  industrial  efficiency.  But  it  came 
about  naturally,  as  the  result  of  historical 
development. 

The  first  electrical  development  occurred 
where  hydraulic  power  was  available  in  con- 
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I'l'iitiiiU'd  Icinn,  at  waU-rfalls  such  as  Niagara, 
t'lc-.,  tliat  is.  c-ascs  coiTrspoiuliiin  in  iiiotdi- 
dc\'t.'l(i])iiu'iit  ti)  the  fnllins;  mill  or  llii-  ship's 
l)r()])i'llor,  TIk'  syiu'liriinmis  maciiiiu'  is  liu' 
lirojJCT  t>'P>-'  "I  K^'"^''"'''"''  I'""  such  iuslalhi- 
tion,  jusl  as  llic  synchronous  motor  is  lo(la\'. 
and  always  has  been,  llic  preferable  l>pc  of 
motor  for  larj^e  units  of  power  unless  s])ecial 
conditions  prevail  and  demand  the  induction 
motor,  such  as  the  need  of  fre(|uent  startinj^' 
under  heavy  torque. 

The  same  type  of  hydro-electric  develop- 
ment was  extended  to  conditions  where 
water  power  was  available  in  less  concen- 
trated form,  and  had  to  be  collected  by  more 
extensive  hydraulic  works,  jijatherinj:;  toj^ether 
the  ])owcr  of  a  watershed,  and  so  the  modern 
h}-dro-electric  jjencratinji;  system  was  devel- 
oped as  the  most  perfect  known  method, 
within  its  scope  and  limits,  of  utilizing  water 
power — mechanical  collection  of  the  water 
power  by  hydraulic  works,  and  conversion  to 
electric  power  in  a  big  unit  synchronous 
generating  station. 

But  the  high  cost  of  the  hydraulic  work 
makes  such  development  economically  feasi- 
ble only  where  large  amounts  of  water  power 
are  available  in  fairly  concentrated  form,  and 
with  the  increasing  development  of  such 
power  sites,  the  number  of  water  power  capa- 
ble of  development  by  our  present  methods 
is  decreasing,  while  most  of  the  country's 
potential  water  powers  can  not  be  developed 
by  our  present  standard  methods  of  hydro- 
electric generation,  as  the  cost  of  the  neces- 
sary hydraulic  development,  to  collect  the 
water  power,  is  greater  than  the  value  of  the 
power  which  may  be  collected.  The  only 
hope  which  can  be  seen  for  a  more  complete 
utilization  of  our  country's  hydraulic  power, 
from  the  abandoned  mill  sites  of  New  England 
to  the  mountain  streams  of  the  south  and  the 
west,  thus  lies  in  applying  to  the  electric 
generation  the  same  principles  which  have 
made  the  electric  motor  economically  success- 
ful, that  is,  bringing  the  electric  machine  to 
the  place  of  power.  That  is,  just  as  we  place 
individual  motors  at  every  machine  where 
mechanical  power  is  required,  and  distribute 
the  power  to  them  electrically,  so  to  place 
individual  electric  generators  wherever  along 
the  water  course  hydraulic  power  is  available, 
and  collect  the  ])ower  of  all  these  generators 
electricallv. 


i'or  these  relatively  small  individual  genera- 
tors, re(|uired  for  electric  power  collection, 
induction  machines  would  naturally  he  used 
just  as  induction  machines  are  exclusively 
used  for  smaller  units  of  motors,  however 
superior  the  synchronous  motor  is  for  larjjer 
powers. 

Such  a  small  induction  generator  station 
tlien  would  consist  of  a  standard  low  voltage 
induction  motor  connected  t(j  some  simjilc 
and  cheaj)  hydraulic  turbine,  a  few  hundred 
feet  of  ijipe,  and  a  low  dam  across  the  creek, 
to  cover  the  intake  of  the  jjipc;  a  step-up 
transformer  connecting  the  machine  into  a 
medium  voltage  collecting  line,  low  tension 
switch  and  fuse  to  disconnect  in  case  of 
accident.  Hundreds  of  such  small  induction 
generating  stations  then  would  feed  into  the 
system  o\-er  collecting  lines,  just  as  hundreds 
of  induction  motor  installations  receive  power 
from  it  over  distribution  lines,  and  a  large 
synchronous  main  station^steam  turbine 
or  hydraulic,  or  possibly  even  merely  a 
s\'nchronous  motor  station — would  control 
the  voltage  and  frequency  of  the  system. 

In  similar  manner,  a  simple  and  cheap 
turbine  induction  generator  plant,  interposed 
between  the  high  pressure  steam  boiler  and 
the  steam  heating  system  which  it  supplies, 
would  abstract  the  small  percentage  of  fuel 
energy  which  is  available  in  conversion  to 
mechanical  and  electrical  power,  and  turn  it 
into  the  electrical  distribution  s^'stem,  on 
which  the  induction  generator  floats,  thus 
collecting  electrical  energy  from  numerous 
small  steam  stations  and  eliminating  the 
present  W'asteful  use  of  coal. 

Now  this  development  of  electric  power 
collection  is  coming,  as  it  is  the  natural 
economic  development  of  electric  generation, 
just  as  the  individual  motor  drive  was  in 
electrical  power  distribution.  There  are 
already  a  number  of  such  hydro-electric 
induction  generator  installations  throughout 
the  country,  some  in  successful  operation  for 
years,  and  the  field  thus  opened  up  is  very 
large,  larger  possibly  than  all  the  electrical 
development  which  has  taken  place  hitherto, 
and  one  of  the  features  of  this  development  is 
that  no  new  type  of  apparatus  requires  to  be 
developed,  but  the  standard  induction  motor 
can  be  used  as  an  induction  generator,  and 
has  been  used  successfully  for  years  in  some 
plants. 
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Army  Electrical  Work  in  the  Advance  Areas  in 

France 

By  Oliver  F.  Allen 
M.'ijoR  OF  Engineers,  American  Expeditionary  Force? 

Entered  the  Service  from  Power  and  Mining  Department,  New  York  Office  General  Electric  Company 

As  a  nation  we  are  jtistly  proud  of  the  record  made  by  the  Engineers  of  the  American  Expeditionary 
Forces.  They  were  almost  the  first  Americans  to  be  lieard  from  in  the  battle  area,  when  they  were  caught 
in  the  backwash  of  Byng's  big  drive  at  Cambrai  in  the  fall  of  1917,  throwing  down  their  tools  to  join  the 
British  in  the  fight  to  stop  the  Hun.  Their  speed  in  constructing  huge  docks  and  terminals  and  long  lines  oi 
railroad  was  a  revelation  to  the  French,  indeed  to  the  world.  The  full  story  of  the  accomplishments  of  the 
Engineers,  A.E.F.,  in  the  world  war  has  yet  to  be  written;  but  this  article  by  one  of  them  gives  an  interest- 
ing insight  to  the  nature  of  the  electrical  work  in  the  advanced  army  areas,  and  the  difficulties  under  which  it 
was  performed.    The  photographs  are  mostly  from  small  "vest  pocket"  negatives,  finished  on  the  spot. — Editor. 

for 
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The  work 
performed  in 
Europe  by  the 
Corps  of  Engi- 
neers since  the 
first  railway 
regiraents  came 
over  in  1917  is 
so  vast  and  so 
closely  inter- 
twined with  all 
the  A.E.F.  ac- 
tivities that  in 
a  short  article 
like  this  it  is  im- 
possible to  even 
indicate  its 
rainifications. 
We  will  simply 
try  to  tell  a  little 
of  the  work  in  the  Ad\-ance  Areas  which  had 
to  do  with  things  electrical.  The  wonderful 
work  of  our  Signal  Corps  with  telephone  and 
telegraph  lines  is  not  touched  upon  as  that 
corps  was  not  part  of  the  Engineer  Establish- 
ment. 

In  1917  the  French  and  Enghsh  En- 
gineers told  us  something  of  the  tremendous 
growth  of  their  special  engineer  services  to 
meet  the  requirements  of  the  Western  Front. 
One  of  the  problems  which  confronted  the 
office  of  the  Chief  of  Engineers  in  Washing- 
ton in  planning  similar  services  was  to  guess 
what  the  American  Army  woidd  require 
in  the  way  of  shop  and  electrical  equip- 
ment which  must  be  purchased  in  the  United 
States  and  sent  to  France.  Inevitably  some 
things  were  bought  and  shipped  across  which 
were  never  used,  and  others  proved  to  be 
failures,  but  as  we  look  back  and  realize  how 
little  was  known  about  the  actual  conditions 
and  how  those  conditions  changed,  it  is  amaz- 
ing how  few  mistakes  were  made  and  what  a 
small  percentage  of  the  special  engineering 
material  could  not  be  used  advantageously. 


The  program  for  the  special  engineer 
services  crystallized  in  that  memorable  War 
Department  General  Order  No.  108,  of  August 
15,  1917,  authorizing  six  regiments  and  some 
extra  battalions  of  special  and  technical  en- 
gineer troops  for  each  Army  and  fourteen 
regiments  for  the  line  of  communications. 
These  regiments  varied  from  an  organization 
of  a  regimental  headquarters  and  six  com- 
panies to  one  of  a  regimental  headquarters 
with  ten  battalions  of  three  companies  each 
and  nine  service  battalions  of  four  companies 
each.  Although  we  finally  had  three  armies 
functioning  in  Europe,  we  never  had  the  spe- 
cial and  technical  troops  for  more  than  one 
Army  according  to  the  original  program. 
Additional  regiments  were  authorized  just  be- 
fore the  armistice  was  signed.  The  first  of 
these  troops  to  reach  France  were  distributed 
over  what  was  then  called  the  Line  of  Com- 
m.unications  and  afterwards  became  the  Base 
Sections  at  the  ports,  the  Intermediate  Sec- 
tion sweeping  up  through  the  central  part  of 
France  and  the  Advance  Section  immediately 
behind  the  Army  areas  during  hostilities  and 
including  them  after  the  armistice.  These 
sections  were  collectively  grouped  as  the  Serv- 
ices of  Supply  (S.O.S.).  When  American 
combat  troops  entered  the  army  areas,  i.e., 
the  sectors  where  actual  fighting  was  going  on, 
they  first  had  only  the  di\'isional  engineers,  or 
sappers,  but  as  the  requirements  developed, 
small  detachments  consisting  of  companies,  or 
less,  of  special  troops  were  sent  forward  and 
carried  on  until  larger  units  were  available  in 
the  late  spring  of  1918.  Our  First  Army  began 
to  function  as  a  complete  army  in  the  latter 
part  of  June  and  it  was  then  that  American 
shop  and  electrical  work  really  started  on  a 
large  scale  in  the  sectors  where  there  was 
actual  fighting. 

General  Order  No.  108  included  a  water 
supply  ser\'ice  of  "one  regiment  of  six  com- 
panies, and  what  was  called  "an  engineer 
supply   service, "  consisting   of   a   regimental 
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lii';ul(iu;irtors,  one  battalion  of  cnKiiK-'iTs 
(sui)i)l>)  and  oiu'  battalion  of  cnj^int'iTs 
(worksho])),  botli  of  ihroi'  companies  i-acli. 
with  a  service  battalion  of  foin"  companies.  A 
great  many  labor  troops  were  attached  to  this 
regiment  at  various  times,  but  no  service 
battalion  was  e\'er  definitely  part  of  it.  Both 
of  these  regiments  were  army  troojjs.  Gen- 
eral Order  No.  lUS  also  provided  "an  engineer 
supply  service"  for  the  line  of  communica- 
tions. The  water  supply  service  became  the 
2Gth  Engineers;  the  engineer  supply  service, 
Army  troops,  the  24th  Engineers;  and  the  en- 
gineer supi:)ly  service,  S.O.S.,  the  .'Uth  En- 
gineers. Soon  after  the  establishment  of  the 
Chief  Engineer,  A.E.F.,  began  to  function  in 
France,  it  was  realized  that  the  Americans 
would  also  require  an  electrical  and  mechani- 
cal service,  and  in  the  latter  part  of  1917  the 
37th  Engineers  was  organized  in  the  United 
States  for  that  purpose. 

The  French  Army  had  two  special  en- 
gineer ser^^ces  which  had  reached  a  high  de- 
gree of  efficiency  in  the  fall  of  1917,  their  Serv- 
ice des  EaiLX,  or  water  service,  and  their  Serv- 
ice Electrique,  or  electrical  service.  They 
had  not  developed  any  engineer  shop  ser^^ce 
because  their  activities  were  all  where  they 
could  take  full  advantage  of  a  large  number  of 
civilian  factories  and  shops.  The  British  had 
developed  a  water  service,  an  arm}-  workshop 
service  and  an  electrical  and  mechanical  serv- 
ice of  the  Royal  Engineers.  The  French  Serv- 
ice des  Eaux  installed  and  operated  its  own 
pumping  plants,  dug  its  own  wells,  built  its 
pipe  lines  and  attended  to  all  the  mechanics  of 
water  supply  as  well  as  to  the  chemical  and 
sanitary  features.  The  French  Service  Elec- 
trique furnished,  installed  and  operated  a  vast 
quantity  of  small  isolated  electric  plants  re- 
quired by  the  armies,  and  reinforced,  extended 
and  utilized  the  great  high  tension  civilian 
electric  transmission  lines  which  ran  from  the 
Vosges  northwest  almost  parallel  to  the  front 
lines  of  1917  and  1918.  The  British  Electrical 
and  Mechanical  ser^^ce  attended  to  the 
mechanics  of  water  supply,  such  as  installing 
and  operating  machinery,  laxing  long  pipe 
lines,  etc.,  and  also  installed  and  operated  the 
electric  and  pow-er  plants;  but  until  the  last 
months  of  the  war  very  little  was  done  in  the 
British  Army  areas  in  the  way  oi"  high  tension 
transmission,  although  large  central  stations 
with  high  voltage  electric  service  were  built 
and  utilized  very  extensively  by  the  British 
Army  in  the  vicinity  of  their  base  ports. 

The  mobilization  of  the  26th  Engineers 
(water  supply)  began  with  the  opening  of  the 


National  Army  cncam|)ment  at  Camp  Dix, 
New  jersey,  on  the  4th  f)f  September,  1917, 
and  the  writer,  as  a  Cajjtain  in  the  luiginecr 
( )llicers'  Reserve  ('orjjs,  was  there  that  day, 
and  during  the  fall  a.ssisted  in  the  training  of 
the  first  comi)anies,  two  of  which  were  dis- 
patched for  France  in  the  latter  part  of 
October.  At  about  the  same  time  Elliott  H. 
Whitlock,  the  well-known  engineer  of  Cleve- 
land, who  had  one  of  the  first  major's  com- 
missions in  the  Reserve  Corps,  was  in  Wash- 
ington selecting  the  shop  equipment  for  the 
24th  Engineers.  Just  before  Christmas  three 
companies,  which  had  been  mobilized  as  part 
of  the  2()lh  Engineers,  were  transferred  to 
form  a  battalion  of  the  24th  Engineers,  and 
when  the  regiment  began  to  function  about 
the  1st  of  January,  191S,  with  Col.  James  F. 
Bell  of  the  Regular  Army  in  command,  and 
Whitlock  as  Lt.  Colonel,  National  Army,  un- 
der him,  the  writer,  as  Major  in  the  Reserve 
Corps,  was  given  the  Battalion,  and  continued 
in  command  of  a  battalion  of  the  same  regi- 
ment until  the  latter  part  of  April,  1919,  when 
it  started  for  home. 

American  engineers  had  begun  to  study 
the  special  services  of  our  Allies  in  the  field  in 
the  fall  of  1917,  and  our  Water  Supply  Service 
was  one  of  the  first  to  begin  to  function.  Our 
Railway  Engineers  started  their  shops  and 
certain  power  plants  ver\  early  in  the  game, 
but  the  Engineer  Shops  and  Engineer  electri- 
cal work  did  not  really  begin  until  February, 
1918,  when  machine  shops  were  started  al- 
most simultaneously  at  Gie\Tes  (Loir-et-Cher) 
and  at  Is-sur-Tille  (Cote  d'Or).  During 
March  and  April  American  engineer  officers 
made  a  careful  study  of  the  electrical,  mechan- 
ical and  shop  ser\-ices  of  the  Army  areas  of 
two  British  Armies  and  of  their  lines  of  com- 
munication and  principal  base  ports  and  also 
of  the  Army  areas  of  the  two  French 
Armies  which  were  occupj'ing  what  after- 
wards became  American  sectors.  The  British 
were  doing  some  very  interesting  things, 
such  as  the  pipe  line  and  water  supply  sys- 
tem running  to  what  was  then  the  front  line 
before  Lens,  north  of  Vimy  Ridge.  The  big 
mines  at  Bully-Grenay  had  been  destroyed, 
but  pumping  plants  had  been  built  in  ths 
abandoned  shafts  and  a  pipe  line  carried  over 
the  hills  to  the  main  system  of  trenches  with 
duplicate  pirmping  plants  and  other  safety 
precautions.  The  pumping  station  nearest 
the  Germans  was  constanth-  under  shell  fire 
and  could  be  pro\'isioned  only  at  night. 
Fearing  that  the  pipe  line  might  be  de- 
molished, the  British  decided  to  dig  a  well  in  a 
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soclion  (if  IIk'  IVoiU  tmu-lics.  'I"lu'  iiaLure  of 
iho  Ki'ouiul  io(iuirc(l  a  dcip  wull  wliicli  had  to 
1)0  dui;  witli  a  mafhino  liaviu)^  a  tail  inasl  In 
suiiport  the  pulleys  for  llio  roix-'S  used  in  sink- 
ing the  tubing.  There  was  no  tree  in  the 
trenches  strong  enough  to  serve  as  such  a 
mast,  but  they  were  able  to  locate  a  tree  which 
had  large  branches  and  considerable  foliage. 
(Inc  night  a  ])ole  of  sufiicicnt  strength  to  serve 
as  a  mast  was  carried  in.  The  next  night  the 
camouflage  serx-ice  went  in,  cut  the  tree  down, 
trimmed  it  and  set  the  mast  up  in  its  place. 
They  then  put  all  the  branches  on  to  the  mast, 
so  that  in  the  morning  the  landsca]ic  apjieared 
unaltered.  The  third  niglu  the  Royal  En- 
gineers went  in  and  fitted  the  mast  with  the 
necessary  rigging  for  well  drilling  and  in  the 
succeeding  nights  successfully  sank  the  well. 
The  French  were  doing  a  great  deal  of  lighting 
of  posts  of  command,  mines,  shelters,  etc..  at 
the  very  front  in  sectors  where  "No  Man's 
Land"  was  very  nan-ow  and  the  opposing 
front  trenches  were  only  25  to  100  yards  apart. 
The\-  were  furnished  electric  power  and  Hght 
for  mining  operations  under  these  conditions 
and  the  precautions  taken  to  protect  cables 
and  air  lines  from  the  German  ' '  minniewerfer' ' 
shells  and  grenades  were  very  interesting. 
One  little  drama  near  \'auquois  was  partic- 
ularly interesting.  A  French  isolated  plant 
was  operating  in  a  dugout  connected  with  a 
front  line  trench,  with  feeders  running  back 
through  a  communicating  trench  to  the  sec- 
ond line  trenches.  The  night  before  I  was 
there  the  Germans  had  made  a  raid,  captured 
and  practically  destroyed  the  French  front 
line  trenches.  The  Bodies  had  been  repulsed 
in  the  early  morning  and  driven  back  some, 
but  the  French  had  not  recovered  their 
former  front  line  and  their  old  second  line  be- 
came the  first  line  ^^•ith  the  demolished  trench 
in  "  No  Man's  Land."  In  the  rush  of  the  fight 
the  electric  light  plant  and  operator  had  been 
forgotten  and  it  was  assumed  that  he  had  been 
killed  and  the  plant  demolished.  Imagine 
their  surprise  just  before  daylight  to  have 
current  turned  on  through  the  feeders  coming 
out  of  the  debris  of  what  had  been  the  com- 
municating trench.  Good,  steady  ser\-ice  was 
given  all  the  morning,  but  I  never  learned 
what  happened  to  that  operator,  as  I  left  the 
sector  before  noon  and  up  to  that  time  the 
French  had  been  unable  to  get  out  to  him. 

The  installation  and  operation  of  pump- 
ing plants  in  all  American  sectors  was 
generally  done  by  the  Water  Supply  ser\dce, 
but  sometimes  by  the  other  engineer  troops. 
The  electrical  installations  in  the  rear  of  the 


Army  areas  were  first  made  by  the  24th  En- 
gineers and  those  in  the  Toul  and  Verdun  sec- 
tors were  first  handled  iiy  the  .'i7th  ICnginecrs. 
The  24lh  lingineers  o|)erated  the  first  en- 
gineer shops  in  both  the  S.O.S.  and  the  Army 
areas.  Later  both  the  24th  and  .'JTlh  IJn- 
ginccrs,  as  well  as  occasionally  some  sapper, 
or  division  engineer  regiments,  dirl  both  elec- 
trical and  mechanical  and  shop  work. 

In  the  late  spring  and  early  summer  of 
H)1S,  a  considerable  number  of  quite  large 
electrical  installations  were  made  in  hospitals. 
The  Engineer  Shops  at  Gievres  and  Is-sur- 
Tille  were  started  and  several  big  plants  built, 
such  as  the  bakery  power  house  at  Is-sur- 
Tille  and  the  refrigerating  plant  at  Gievres. 
The  Gievres  engineer  shops  layout  called  for 
over  200  motors,  aggregating  800  h.p.,  and 
with  the  yard  (which  must  not  be  confounded 
with  the  Engineer  Depot  and  all  the  other 
activities  there)  required  'SO  acres,  and  the 
Is-sur-Tille  Engineer  Shops  (which  were  also 
a  small  part  of  the  total  establishment)  were 
laid  out  to  cover  22  acres  and  use  about  ISO 
motors,  aggregating  775  h.p.  The  Is-sur- 
Tille  bakery,  which  has  a  capacity  of  800,000 
lbs.  of  bread  a  day.  had  a  power  plant  which 
is  typical  of  the  many  which  the  American  En- 
gineers built.  The  turbine  illustrated  in  Fig. 
1  came  from  one  place,  the  condenser  from 
another  and  the  boilers  from  a  third.  The 
illustrations.  Figs.  2,  3  and  4,  show  this  plant 
in  process  of  construction. 

We  were  rarely  able  to  get  any  draw- 
ings or  foundation  templets  in  advance.  We 
frequently  knew  that  a  certain  number  of  car 
loads  of  turbines,  boilers,  gasolene  engines, 
motors,  lathes,  concrete  mixers,  or  other 
machinery,  were  on  the  way,  but  had  no  idea 
as  to  the  make  and  rarely  any  definite  in- 
formation as  to  the  actual  capacity.  Some- 
times we  were  able  to  send  an  officer  to  inspect 
the  machinery  at  a  base  port  or  main  depot, 
or  at  the  plant  in  France  n'here  it  was  being 
built  or  overhauled,  and  he  would  get  to  its 
ultimate  location  with  some  information  about 
it  a  few  days  ahead  of  the  machine  itself.  In 
some  instances,  where  duplicates  were  ex- 
pected and  foundations  and  connections  pre- 
pared, the  new  machines  were  found,  upon 
being  unboxed,  to  be  of  another  make  and 
radically  different  dimensions.  Perhaps  the 
hardest  problem  which  the  electrical  and 
mechanical  and  shop  services  had  was  to  piece 
together  parts  which  did  not  belong  together 
and  make  a  practical,  reliable  working  whole 
in  the  shortest  possible  time.  It  is  really  re- 
markable how  rapidly  complete  units  and  even 


r2     August,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  8 


Legend 

m  £  and M  Army  /Jrea  Headquarters    A'  PumpingStationunder/OOOOGa/.Copoc/ty.Gaio/ineEnginePr/i'i;) 

A  Pumping  Station  under /OOOOGa/.Capac/tycledr/cMotorDnven 
|H]  rransformer  Station.Higfi  Tension  5000  Volts  or  iesy 
0  Transformer  Station, High  Tension  Oi^er  5000  Volts 
U  Generating  Unit,  Gasoline  Engine  Drii/en 
0  Generating  Unit  ,  Water  Wheel  Drii^en 
H   Generating  Unit ,    Steam  Engirre  Driven 
<S3-  /J/ r  Compressor,  Gasoline  Engine  Driven 
EH-  fiir  Compressor,  Electric  Motor  Drii/en 


^  E andM  Sector  Headquarters 

i^  Eanc/M  /Idi/ance  Headgi/arters 

°   Towns 

o  Corps  Saivmill 

@  Army  Sawmill 

ID  flrmyOump 

EB-  /lir  Compressor,  SLeaw Engine  Drii/en 

12B-  flir  Compressor,  looter  Wheel  Dfli/en 


Fig.  5.     Section  of  Map  Showing  Electrical  and  Mechanical  Installations,  Second  Ar.-ny  Area,  October,  1918. 
Map  made  by  1st  Battalion  Headquarters,  24th  Engineers 
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lar)je  plants  wnv  made  out  of  conj^lomtTatf 
masses,  frctUKMilh'  a  mixlure  of  new  American 
maehitK'ry.new  I'^vncli  niarliineryand  second- 
hand I'^rench  and  lui,u;lish  machinery,  to  which 
was  added  after  tlie  St.  Mihiel  drive  Bochc 
machinery.  I"'rc(inentl\'  the  same  installa- 
tion would  have  American. 
French  and  linj^lish  pipe 
threads,  which  were  by  no 
means  in  terchan,t;eal)le,  and 
tiirec  or  four  dilTeri  nt  kinds 
of  bolt  and  nut  threads. 
The  expedients  successfully 
resorted  to  by  our  junior 
officers,  our  master  enj^i- 
neers  and  sergeants  and 
our  cnj^inccr  soldiers  were 
remarkable  for  their  in- 
genuity and  practicability. 
The  majority  of  the  in- 
stallations in  the  forward 
areas  were  the  little  iso- 
lated plants,  most  of  the 
electric  units  being  be- 
tween 1  and  5  kw.,  with  a 
few  of  25  kw.;  and  occa- 
sionally a  bigger  one,  and 
most  of  the  pumping  units 
IJ2  to  10  h.p.  These  were  packed  into  the 
Army  areas  literally  by  the  hundreds.  The 
little  piece  of  the  map  of  electrical  and 
mechanical  installations  in  the  Second  Army 
area  about  the  1st  of  November,  191cS, 
shown  in  Fig.  5,  covers  an  area  only  about 
13  miles  square  and  yet  it  contains  7U  plants 
of  various  kinds.  All  parts  of  the  Army  areas 
were  not  as  congested  as  this  particular  section, 
but  it  is  really  tj-pical.  Each  installation  had 
to  have  an  operating  crew  for  continuous  oper- 
ation, and  be  supplied  with  rations  for  the 
men,  as  well  as  fuel  and  lubricants,  with  the 
exception  of  the  transformer  stations,  which 
in  some  cases  had  only  a  guard.  The  plants 
were  di^-ided  into  small  groups  with  a  senior 
noncommissioned  officer  in  charge.  These 
groups  were  combined  in  advance  sectors, 
each  under  a  junior  officer  with  a  regularly  es- 
tablished headquarters,  a  detachment  of  re- 
serve operators,  some  spare  parts,  etc.,  and 
automobile  trucks  for  the  supply  of  gasolene, 
rations,  electric  lamps,  etc.  The  larger  sec- 
tors, under  the  supervision  of  company  com- 
m.anders,  generally  combined  two  of  the  ad- 
vance sectors,  and  all  the  groups  in  an  Army 
area  were,  in  turn,  under  the  control  of  the 
Electrical  and  Mechanical  Officer  of  the  Armv 
as  part  of  the  establishment  of  the  Chief  En- 
gineer, Army.    The  photograph.  Fig.  6,  shows 


the  li.  &  M.  Advance  Headciuarlers  at  Oris- 
courl,  one  of  the  ()oinls  indicated  on  the  map 
extract,  Fig.  ").  This  was  a  typical  Advance 
ileadquarlers  maintained  by  one  of  the  Lieu- 
tenants of  the  2Uh  lingincers.  The  camp 
had  excellent  sleeping  quarters  for  the  reserve 


Adrian  Barrack  at  Griscourt.  Used  as  E.  &  M.  Advance  Headquarte 
Detachment  of  Co.  A.  24th  Engineers.     The  hill  behind 
gave  some  protection  from  Boche  shelling 


operators.  chauiTeurs,  administrative  force, 
etc.,  a  fine  kitchen,  good  offices,  its  own  elec- 
tric and  water  plants,  a  small  repair  shop  and  a 
garage.  It  was  about  7  miles  from  the  front 
line. 

12.  The  German  drive  in  the  spring  of 
Ifll.S,  which  involved  the  Chateau-Thierry 
show  of  our  Paris  Group,  left  Epernay,  on  the 
Marne,  in  a  very  precarious  position  during 
the  first  weeks  of  July.  There  was  an  excellent 
civilian  central  station  there  with  automati- 
cally stoked  water  tube  boilers,  steam  turbine 
units,  etc.,  which,  strange  to  say.  had  been 
very  slightly  injured  by  the  German  shelling 
and  bombing.  The  demolishing  of  the  city 
and  surrounding  areas  made  the  plant  useless 
there.  As  both  the  French  and  the  American 
Armies  were  in  urgent  need  of  large  equipment 
of  this  sort,  a  detachment  of  the  24th  En- 
gineers was  sent  from  the  Toul  sector  the 
middle  of  July  to  dismantle  and  ship  out  this 
machinery,  which  was  di\-ided  between  the 
French  and  the  Americans.  They  were  first 
quartered  in  cellars  of  ruined  buildings  near 
the  plant.  While  it  was  very  nice  to  have  the 
German  shells  dig  the  potatoes  in  the  garden 
back  of  the  cellar  where  they  had  their  mess, 
the  combination  of  rats  and  bombs  was 
rather  uncomfortable,  and  the  detachment 
moved  to  a  grove  on  one  of  the  adjoining  hills 
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where  they  lived  for  several  weeks  in  shelter, 
or  "pup"  tents,  as  they  are  commonly  called. 
The  heavy  machinery  in  this  plant  was  taken 
apart  and  moved  to  the  railroad  under  great 
difficulties.  Not  only  was  the  town  contin- 
ually shelled  and  bombed,  but  the  detachment 
was  forced  to  work  with  very  inadequate  tools, 
had  a  long  trip  back  and  forth  to  its  camp 
every  day,  and  more  or  less  difficulty  in  get- 
ting its  rations.  One  of  the  few  redeeming 
features,  however,  was  the  abundance  of 
champagne.  Good  water  was  almost  unob- 
tainable, but  the  champagne  vaults  in  that 
neighborhood  were  well  stocked  and  the  few 
remaining  civilians  were  so  generous  that 
these  engineers  literally  drank  champagne  like 
water. 


instance,  was  in  a  large  well  on  a  mine 
property,  supported  by  beams  put  across  the 
well  about  twenty  feet  below  the  surface. 
Some  were  in  deep  dugouts  with  ventilating 
machinery  to  insure  a  supply  of  fresh  air. 
Many  were  in  corners  or  niches  of  ruined 
buildings  with  all  kinds  of  expedients  in  the 
way  of  shelter  for  protection  against  bombing 
and  rain.  These  were  some  75  feet  under- 
ground in  the  lowest  galleries  of  forts.  In 
many  cases  the  plant  would  be  in  one  corner 
of  a  room,  or  shed,  the  bunks  of  the  operating 
crew  taking  up  the  rest  of  the  space.  The 
men  literally  lived  with  their  machines,  and  in 
some  cases  had  to  prepare  their  own  meals 
in  the  same  place,  but  generally  were  able  to 
mess  with  troops  in  the  neighborhood. 


Fig.  7.  "Group  filectrogene  a  Essence"  Fiinch  TAstcr'  Engine  with 
1400-r.p.m.,  25-amp.,  llS-volt,  d-c.  generator.  Note  liglit  weight  and 
that  magneto  ignition  makes  battery  unneces.sary  even  for  starting 
These  same  engines  were  used  extensively  for  pumping  plants 


The  vast  majority  of  the  small  generat- 
ing units  used  in  our  First  and  Second  Army 
areas  were  French,  because  we  took  them  over 
with  the  areas.  They  were  light  weight,  effi- 
cient and  very  reliable.  They  were  of  several 
different  makes,  but  the  illustrations,  Figs. 
7,  8  and  9  are  typical.  They  show  only  the 
bare  units  and  were  taken  at  an  Engineer 
Depot  after  the  machines  had  been  salvaged, 
following  the  armistice.  During  hostilities  the 
engineers  had  little  opportunity  to  take  photo- 
graphs, and  besides,  these  little  sets  were 
almost  invariably  in  cellars,  dugouts,  or  other 
dark  and  inaccessible  places,  where  it  was  im- 
possible to  get  satisfactory  pictures,  even  had 
flashhght  powder  been  available.     One,  for 


Fig.  8.  "Group  Electrogene  a  Essence"  End 
view  of  "I' Aster"  gasolene-electric  unit 
shown  in  Fig-  7.  Note  radiator,  gasolene 
tank  and  switchboard  all  mounted  on 
same  frame 


As  each  plant  was  installed,  taken  over 
from  an  ally  or  captured  from  the  enemy,  a 
plant  record  was  made  out  covering  all  the  de- 
tails of  the  location,  machinery,  etc.,  and  a 
number  was  assigned  to  the  plant.  There 
were  suffixing  letters  and  blocks  of  numbers 
were  assigned  to  areas,  so  a  number  described 
the  type  of  plant  and  gave  its  general  loca- 
tion. As  an  example  5(54-0  was  the  25  kw. 
generating  unit  at  the  very  well-known 
Evacuation  Hospital  No.  1,  at  Sebastopol. 
Part  of  the  same  form  was  a  ser\nce  record 
blank  on  which  interruptions  and  repairs 
were  recorded.  There  was  an  interruptions-to- 
service  report  on  which  the  operator  had  to 
report  every  interruption  to  service,   giving 
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Fig.  9. 


only  inehided  ;i  loj.;  of  operations,  hiil  such  in 
formation  as  the  desija;nalions  of  the  unit! 
served,  the  ralioninj^  of  llie  crew,  the 
health  of  the  crew,  the  loealion  of  the 
nearest  telephone  and  of  the  nearest 
messajje  center.  These  reports  were 
consolidated  at  each  E.  &  M.  sector 
hcadcinarters  as  a  weekly  pro<;ress 
report  to  the  Electrical  and  Mechani- 
cal Oflicer  of  the  Army,  with  a  copy 
directly  to  the  Suijply  Section  of  the 
Chief  Enj^neer'sOfhce.  This  consisted 
first  of  a  lojj  summary,  coverinjj  the 
output  of  units,  power  purchased  at 
transformer  stations,  and  record  of 
the  operators.  Also  a  report  of  all 
interruptions  to  service,  covering  the 
date,  the  time  shut  down  and  the 
cause  or  authority  for  the  interrup- 
tion; a  summary  of  the  number  and 
capacity  of  the  plants  in  service  under 
eight  different  heads,  such  as  electric 
motors,  water  wheels,  steam  engines, 
pumps  and  different  kinds  of  electric 
sets;  a  summary  of  supplies  used 
during  the  week  and  required  for 
the  next  week;  consolidated  reports 
on  repairs  and  new  work;  miles  of 
3-phase  transmission  lines  completed 
during  the  week;  weekly  strength  return 
showing  the  officers  and  men,  both  engi- 
neers and  labor  units  on  company  duty, 
sick  or  absent,  operating  plants,  supervis- 
ing plants  making  repairs,  etc.,  under  sepa- 
rate headings,  with  the  number  available 
for  new  work;  and  finally,  a  report  of  the 
transportation  in  good  order  and  how  much 
of  it  was  available  for  new  work,  with  sepa- 
rate headings  for  horses,  bicycles,  motor- 
cycles, touring  cars,  light  box  cars  (small  de- 
livery trucks),  and  light  and  heavy  trucks. 
Another  form  was  the  project  report,  on  which 
new  work,  extensions,  repairs,  etc.,  were  re- 
ported, described  and  authorized.  These 
forms  are  not  thought  to  be  of  sufficient  gen- 
eral interest  to  take  up  the  required  space  for 
their  reproduction  here  on  such  a  scale  as 
would  enable  them  to  be  read,  but  they  are 
mentioned  as  showing  how  the  work  was 
systematized  even  under  the  most  trying  con- 
ditions. The  reports  had  to  be  made  out  very 
promptly  and  forwarded  by  fast  couriers,  and 
frequently  anticipated  by  telephone,  but  in 
spite  of  everything,  it  is  surprising  how  well 


\\h:  records  were  kept,  and  the  Office  of  the 
Chief  lingineer.  Army,  was  always  in  a  posi- 
tion to  inake  an  intelligent  rejjorl  on  the  elec- 
trical and  mechanical  situation  to  the  SlafT  of 
the  Commanding  Ceneral.  In  addition  tfj  the 
forms  mentioned,  job  tickets,  slock  cards  and 


'Groupe  Electrogene  a  Essence"  French  4-cyHnder,  1650-r.p.m.  "Ballot" 
le  engine  with  ConstTUClions  Electriques  29-amp..  110-volt.  d-c.  gener- 

tor.      Magneto  ignition.      Entirely  self-contained-      A  very  popular  and  rcli. 

ble  unit  much  used  by  the  French  Service  Electrique 


many  of  the  most  efficient  forms  of  civilian 
practice,  modified  to  meet  army  conditions, 
were  extensively  used. 

From  the  time  the  Engineer  troops  landed 
in  France  until  what  was  left  of  them 
embarked  for  the  United  States,  they  were 
called  upon  to  do  almost  everything  except 
what  they  had  dreamed  about  when  they  were 
mobilized  in  the  United  Stales.  The  regi- 
ments which  had  most  to  do  with  the  electri- 
cal work  had  their  share  of  diversity  of  em- 
ployment. When  there  was  something  partic- 
ularly difficult  and  complicated  to  do  the 
engineers  were  asked  to  do  it.  In  the  early 
days  of  the  big  depots  at  the  base  ports  and  in 
the  intermediate  and  advance  sections,  these 
engineers  not  only  built  power  plants,  ware- 
houses and  barracks,  and  assembled,  tested 
and  reshipped  machinery,  including  designing 
and  making  missing  parts,  but  unloaded  and 
loaded  thousands  of  tons  of  supplies,  quarter- 
master as  well  as  engineer.  There  is  one  or- 
ganization which  will  long  remember  12o  car- 
loads of  potatoes  which  were  handled  very 
rapidly  in  the  hope  that  some  more  congenial 
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job  would  follow.  Not  only  did  men  who  held 
prominent  situations  in  electrical  and  shop 
industries  at  home  do  the  most  menial  tasks 
cheerfully,  feeling  it  was  all  part  of  the  game, 
but  our  Master  Engineers  and  Sergeants  took 
hold  of  whatever  job  happened  to  be  in  front 


Fig.  10.     Army  Concrete  Factory,  Liii. 

July  8.  1918.      Note  the  bows  and  cat 
used  as  a  kitchen  with  the 


ny  field  range  in  front 


of  them  and  never  hesitated  to  work  with 
their  own  hands  when  necessary.  The  En- 
gineers, Uke  most  other  American  troops, 
came  over  with  the  compelling  spirit  that  it 
was  up  to  each  one  of  them  individually  to 
win  the  war.  The  Engineer  work  was  never 
done,  and  under  the  most  trying  conditions 
our  Engineer  soldiers  worked  night  and  day, 
frequently  with  very  little  sleep  and  almost 
without  exception  with  no  leaves  until  after 
the  armistice.  It  gets  tiresome  to  work  hard 
all  through  the  daylight  hours  and  then  be 
kept  awake  most  of  the  night  by  enemy  air- 
plane bombing  as  our  men  often  were.  The 
Commanding  Officer  of  one  of  these  special 
Engineer  regiments,  upon  leaving  it  for  other 
Engineer  work  here,  included  the  following  in 
his  farewell  order,  which,  while  particularly 
true  of  the  regiment  to  which  it  was  addressed, 
is  also  true  of  other  similar  organizations: 
"*  *  *  *  I  wish  to  express  my  appreciation  of 
the  high  sense  of  duty  that  has  marked  the 
work  of  the  officers  and  men  of  this  organiza- 
tion. You  have  been  loyal  to  j^our  Country 
and  to  the  officers  under  whom  you  have 
served.  The  markedly  courteous  and  correct 
attitude  of  the  enlisted  men  of  this  regiment 


toward  their  officers  has  been  in  itself  com- 
plete proof  that  the  work  of  the  regiment  is 
efficient.  You  have  worked  hard  and  effi- 
ciently and  merit  your  reputation  for  be- 
ing able  to  do  anything  and  being  willing  to 
do  it.  No  regiment  has  done  more  varied 
work.  *  *  *"  The  patriot- 
ism, loyalty,  co-operation  and 
esprit  de  corps  of  these  special 
engineer  troops  was  of  the 
very  highest  order,  and  it  has 
been  an  inspiration  as  well  as 
an  honor  and  privilege  to 
have  served  with  them. 

Previous  to  the  armistice 
the  matter  of  camouflaging 
night  lights  was  very  seri- 
ous and  it  required  constant 
vigilance  and  fertile  brains  to 
insure  the  necessary  continu- 
ous service  to  headquarters, 
etc.,  where  work  never  stop- 
ped, with  no  protruding  raj^s 
of  light  to  indicate  to  enemj^ 
airplanes  either  the  places 
lighted  nor  the  plant  itself. 
Not  only  was  it  contrary  to 
orders  to  allow  lights,  either 
army  or  civilian,  to  show,  but 
sentries  were  given  consider- 
able latitude  and  it  was  not 
safe  to  allow  any  light  to  escape.  On  more 
than  one  occasion  a  sentry  shot  at  windows 
which  continued  to  leak  light  after  being 
warned. 

The  illustration,  Fig.  10,  shows  Com- 
pany "C"  of  the  24th  Engineers  upon  its 
arrival  at  LiverdUn,  Meurthe-et-Moselle,  on 
the  afternoon  of  the  Sth  of  July,  1918.  This 
company  built  and  operated  the  Army  Con- 
crete Factory,  which  made  several  thousand 
tons  of  blocks  and  beams  for  dugouts, 
machine  gun  emplacements,  etc.,  as  well  as  re- 
inforced concrete  tiles  for  culverts,  concrete 
water  storage  tanks,  etc.  The  right-hand  end 
of  the  old  factory  building  directly  behind  the 
line  of  troops  in  the  picture  was  used  as 
power  house  and  sub-station,  and  the  rest  as  a 
carpenter  shop  for  building  forms,  a  metal 
shop  for  making  the  reinforcement  grids,  a 
tool  room,  and  on  the  upper  floor  offices. 
The  power  plant  started  ^\dth  a  5  kw.  French 
gasolene-electric  set.  A  25-kw.  1 10-volt  direct 
current  standard  General  Electric  Co.  gaso- 
lene set  was  next  installed,  followed  by  a  high 
tension  line  from  an  abandoned  iron  furnace 
in  the  Moselle  vallev  wdth  a  50-kw.,  3-phase, 
5U-cycle,    6000-volt '  to    190/1 10-volt   4-wire, 
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traiislnniHT  wiih  molor-j^'oiicrator  scl,  clc. 
TIr'IV  wcic  al)i)ui  a  dozt'ii  motors  drivin)^  wood 
and  metal  working,'  tools,  an  doctric  ijumpin^; 
unit  and  two  electric  hoists.  There  were  two 
larjje  American  concrete  hatch  mixers  and 
two  stone  crushers  with  screens,  all  driven  by 
gasolene  cnj,Tnes,  which  would 
have  lieen  changed  to  electric 
drive  had  more  power  been 
a\ailable.  An  electric  spot 
welding  machine  for  fasteninji; 
the  parts  of  reinforcement  fjrids 
toilet  her,  in  place  of  usin<; 
small  tie  wires  like  the  French 
and  British,  was  designed  and 
built  during  the  fall,  but  not 
tested  and  shipped  until  after 
the  signing  of  the  armistice  and 
consequently  never  used.  In 
addition  to  power  for  the  plant 
itself,  the  electric  installation 
furnished  lights  for  the  entire 
camp,  including  lounging  room 
and  canteen,  barber  shop,  bath 
house  and  the  motion  picture 
machine.  The  \\'indows  of  the 
shop  and  barracks  were  so  well 
screened  that  work  went  on 
at  night  and  cinema  shows  were  given  while 
under  observation  of  German  night  fliers,  and 
while  absolute  darkness  outside  was  impera- 
tive. The  illustration.  Fig.  1 1 ,  shows  the  mess 
hall  of  a  pioneer  infantry  company  which 
worked  at  this  plant. 

The  original  shop  program  included 
mobile  shops,  consisting  of  a  few  machines 
mounted  on  automobile  chassis  with  a  small 
electric  generating  unit  and  individual  motors 
for  each  tool.  A  number  of  such  shops  were 
actually  built,  three  styles  being  machine 
shops,  carpenter  shops,  and  blacksmith  shops 
respectively.  They-  proved,  however,  to  be 
very'  heavy  and  there  was  always  so  much  de- 
mand for  the  automobiles  that,  when  used, 
the  shops  were  generally  taken  off  the  chassis 
and  set  in  some  shed  or  other  sheltered  place . 
The  Ordnance  Department  had  some  excellent 
mobile  units  of  this  type  which  they  used  as 
originally  planned.  The  plan  also  included 
semi-mobile  shops  which  would  consist  of 
groups  of  motor-driven  tools  ^^'ith  the  neces- 
sary power  plants  on  caterpillar  trailers,  the 
buildings  and  tools  to  be  capable  of  being 
easily  moved  from  place  to  place.  The  theory 
of  these  shops  was  sound,  but  in  the  scramble 
for  equipment,  with  the  very  limited  time  and 
transportation  available,  the  plan  was  never 
worked  out.    The  British,  the  French  and  the 


Americans  all  had  simps  in  the  army  areas 
cnmpleteiy  indivi<]ual  motor  driven,  and  ihcy 
were  recognized  as  the  best  shojjs  for  war  con- 
ditions; hut  frequently  all  three  armies  were 
compelled  to  resort  to  coml^inations  of  belt 
and  motor  drive,  sometimes  with  high  tension 


-Adrian  Barrack  Used  as  Mess  Hall  by  B  Co.,  59th  Pioneer  Infantry, 
of  1918.     The  old  mediaeval  town  on  the  hill  behind. 

power,  steam  engines  and  gasolene  engines  in 
the  same  shop.  The  chief  objective  was  never 
efficiency  in  fuel  consumption  or  labor,  but 
ability  to  produce  a  maximum  output  in  a 
minimum  time,  yet  in  spite  of  all  the  limita- 
tions there  were  many  plants  which  were  very 
efficiently  laid  out.  One  large  British  shop 
was  inspected  which  was  entirely  individual 
motor  driven  and  could  be  dismantled,  moved 
and  set  up  again  within  forty-eight  hours.  It 
had  actually  been  moved  four  times  and  was 
still  in  fine  operating  condition.  The  first 
area  taken  over  by  American  troops  was  in  the 
Toul  sector,  with  a  division  headquarters  at 
Menil-la-Tour.  The  French  had  an  engineer 
dump  there  and  a  wood-working  establish- 
ment. These  were  taken  over  by  the  Amer- 
icans. The  wood  shop  was  very-  unimpressive 
on  the  outside,  being  a  string  of  ordinary- 
Adrian  barracks,  like  the  ones  shown  in  Figs. 
ti  and  1 1 ,  but  a  closer  examination  showed  a 
(JO  cm.  railroad  running  through  it  ^\-ith  the 
logs  going  in  at  one  end,  mo\-ing  steadily 
through  and  coming  out  at  the  other  end  as 
finished  mine  frames,  trench  boards,  etc. 
There  was  a  100-kw.  transformer  furnishing 
power,  and  every  tool  was  indi\-idual  motor- 
driren  and  fitted  with  an  ampere  meter,  not  on 
a  starting  panel  out  of  sight  of  the  operator, 
but  mounted  directlv  over  the  table  of  the 
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tool  where  the  operator  could  always  see  what 
his  load  was.  The  full  load  was  marked  very 
plainly  and  it  was  up  to  the  operator  to  push 
the  work  through  the  machine  so  as  to  get 
maximum  output  at  all  times,  but  without 
overloading.     In  a  light  lean-to  was  a  tool 


Group  of  Boche  Transformers  and  Oil  Switches  Collected  at  Leonval  Eng: 
Depot  from  Captured  Territory  After  the  St.  Mihiel  Drive 


room  with  complete  machinery  for  grinding 
and  repairing  saws.  With  the  exception  of 
lack  of  peace-time  safety  devices,  this  mill  in 
these  wooden  shacks  was  one  of  the  most  effi- 
cient that  could  be  designed.  It  is  true  that 
when  our  Forestry  service  finally  took  it  over 
and  had  to  increase  the  output,  they  sub- 
stituted some  larger  motors  and  heavier  saws 
with  automatic  attachments,  but  that  was 
simply  an  expansion  of  the  French  design. 
There  was  another  very  interesting  electri- 
cally-driven mill  at  Marbache,  in  the  Moselle 
valley  just  below  the  junction  of  the  Meurthe 
and  Moselle.  One  of  our  American  engineer 
lieutenants  operated  this  mill,  which  turned 
out  bed  frames,  mine  frames,  camouflage 
material,  coffins,  grave  crosses,  duck  boards, 
etc.,  etc.  In  the  Fall  of  1918  it  was  about 
nine  miles  from  the  Boche  trenches  and  sub- 
jected to  both  airplane  bombing  and  long 
range  shelling.  Although  Americans  were 
killed  on  the  railroad  track  a  few  yards  away 
and  the  artillery  dump  in  the  adjoining  lot  was 
partially  demolished,  this  plant  escaped  un- 
touched. The  officer  in  charge  lived  in  a  little 
toy  chateau  in  the  center  of  the  depot,  with  a 
bomb-proof  .shelter  a  few  feet  away.  One  of 
the  interesting  features  of  this  plant  was  the 
employment  of  French  girls  to  make  such 
things  as  camouflage  screens.  There  were 
manv  factories  in  this  neighborhood  before 


the  war  and  a  large  number  of  the  workmen's 
families  did  not  move  away.  It  was  desirable 
to  give  their  women  employment,  and  as  there 
was  more  work  than  we  had  soldier  labor  for. 
over  a  hundred  of  them  worked  in  this 
Marbache  shop.  It  was  surprising  how  they 
went  ahead  with  their  work, 
enthusiastically  singing  most 
of  the  time  and  paying  ver}- 
little  attention  to  the  enemy 
shells  and  airplanes. 

An  interesting  illustration 
of  the  conditions  control- 
ling the  electric  lighting  is  to 
be  found  in  St.  Mihiel.  The 
Germans  held  the  St.  Alihiel 
sector  for  so  long,  and  felt  so 
confident  of  retaining  it,  that 
they  had  dug  themselves  in 
very  thoroughly.  To  supph' 
light  and  power  they  had 
built  a  very  comprehensive 
network  of  3-phase,  50-cycle, 
electric  transmission  lines 
coming  down  from  behind 
their  main  lines.  The  main 
transmission  system  was 
17,000  volts,  with  sub-stations  usually  of 
about   100  kw.      The  secondarv  svstem  was 


Boche   Three-phase   Transformer. 
■  u      Thought  to  be  about  50-kv-a.. 
17000  3000  volts 
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at  olllll)  \(ilis.  wiili  i)\iT  (iO  lransl'urm(.TS, 
mnsth  10  kw.,  liui  siiiiu-  frdin  ;i  kw.  to 
1.)  kw.,  of  tlu-  usual  ICuropcaii  MM)  IIO-voll, 
o-phasi',  l-wirL',  low  tfiisinii  ilisirihutioii  lypc. 
These  lines  were  \'ery  well  Imill  aii<l  llie  trans- 
former stations  eciuippetl  with  the  most 
modern  safety  devices.  The  illustrations, 
Fi<;s.  12,  l.'i,  14,  and  1."),  show  some  of  these 
Cierman  transformers  at  one  of  our  entjineer 
dumps  where  they  had  been  collected  from 
tile  territory  captured  in  the  St.  Mihiel  drive. 
Attention  is  called  to  the  oil  reservoir  on  the 
tojj  of  the  transformer  shown  in  Fijj.  15.  This 
was  pierced  by  a  bullet  or  piece  of  shell. 
Illustrations,  Fij^s*  Hi  and  17,  show  one  of  the 
oil  switches  useil  at  the  sub-stations.  Note 
that  these  were  equipped  with  time-limit  over- 
load relays  on  all  three  phases,  that  the  oper- 
ating levers  were  of  the  indicating  type,  and 
that  the  oil  can  was  raised  and  lowered  bv  a 


Fig.  14.     Captured  Boche  Transformer.      7.5  kv-a..  Three- 
phase.  50  cycles,  3000-2700  218  volts,  four-wire 

system  of  levers,  one  of  the  illustrations  show- 
ing the  can  up  and  the  other  with  it  down.  The 
entire  switch  was  mounted  on  trucks  so  as  to 
be  easily  moved  about.  Of  course  the  trans- 
mission lines  were  bare  stranded  iron  wire, 
generallv  galvanized,  but  thev  were  of  large 


capacity  and  with  relatively  light  load.  In 
evacuating  the  St.  Mihiel  sector,  the  Hoche 
destro\-ed  some  of  their  sub-stations.  The 
illustration.  Fig.  IS,  shows  all  that  was  left  of 
their  electric  motor-<iriven  concrete  mixing 
]jlants  and  transformer  stations  used  to  build 


Fig.  15.     Captu 
Three-phas< 


-ed  Siemens-Schuckert  Transformer.  15  kv-a., 
.  50  cycles.  3000  volts  to  223  129  volts,  four- 
ank  on  top  and  insulators  injured  by  shell  or 


the  dugouts  and  other  concrete  shelters  on  the 
Hindenburg  Line  in  front,  of  the  Americans  in 
the  Toul  sector.  The  transmission  lines,  sub- 
stations and  transformers  were  more  or  less 
destroyed  by  artillery.  It  was  not  practicable 
to  operate  any  of  the  system  when  we  took  the 
.sector  over,  but  American  engineers  laid  out 
a  comprehensive  system  of  distribution  for 
this  area  with  the  intention  of  utiHzing  a  water 
power  plant  at  St.  Mihiel  and  also  connecting 
to  the  French  high  tension  network  a  few- 
miles  up  the  Mouse  valley,  to  the  South.  This 
reconstruction  work  was  under  way  when  the 
armistice  was  signed,  but  of  course  never 
completed. 

Aleanwhile,  upon  the  occupation  of  St. 
Mihiel  by  the  Americans,  it  was  necessary 
to  have  electric  current.  Before  the  war 
there  had  been  water  power  in  the  Meuse 
valley  at  St.  Mihiel  with  a  good  sized 
grist  mill  on  the  left  bank  of  the  river. 
An    alternating    current    electric    plant    was 
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included  in  this  mill  with  two  3-phase 
cables  running  under  the  river  to  sub- 
stations in  the  heart  of  the  city.  The  mill  had 
been  practically  demolished  by  shell  fire  and 
the  machinery  taken  away  by  the  Germans. 
The  illustration,  Fie;,  ig  shows  the  side  of  the 


Fig.    16       Portable    Oil    Switch    Captured    from   Ge 

name  plates  could  be  found.  Were  used  on  17,000-volt 
lines.  Are  three-pole  with  3  6-amp,  trip  ceils  having  time 
limit  relays  mounted  on  one  set  cf  insulators.  One  set  of 
terminals  were  frcm  the  relay  coils  and  the  other  set  from 
the  other  three  insulators-      Oil  can  is  shown  closed 

mill  away  from  the  ri\'er,  and  Fig.  20  the 
river  side  of  the  same  building  just  above  the 
railroad  track.  There  had  been  six  or  eight 
water  wheels  in  the  mill.  It  was  found  that 
one  of  these  was  in  operating  condition.  Nec- 
essary bulkheads  were  put  in  to  hold  enough 
water  to  meet  the  demands  of  the  wheel 
and  a  335-ampere,  ■220-volt,  direct  current 
English  generator  was  installed  next  to  one  of 
the  walls  and  belted  to  a  short  jack  shaft 
driven  by  the  water  wheel.  The  illustration, 
Fig.  21,  shows  this  machine  with  the  canvas 
hood  over  it  to  protect  it  from  the  rain  drip- 
ping through  the  ruins  above,  and  its  very 
temporary  switchboard  in  the  rear.  Hand 
manipulation  of  the  water  gate  by  a  hand 
wheel  among  the  debris  on  the  floor  above  was 
the  only  way  of  controlling  speed,  and  sud- 
den changes  in  load  were  troublesome.  Or- 
dinary rubber  covered  cable  was  run  down  the 
outside  of  the  building  and  through  the  tail- 


race  under  the  railroad  to  the  old  under- 
ground cables  near  the  bank  of  the  river.  It 
was  very  difficult  to  find  the  other  end  of  the 
cables  in  the  ruins  of  the  town,  which  was  al- 
most completely  demolished  where  the  sub- 
stations had  been,  but  they  were  finally 
located  and  hooked  up  so  as  to  make  a  tem- 
porary 2-wire  lighting  system.  The  next 
problem  was  to  reconnect  what  was  left  of  the 
Boche  high  and  low  tension,  3-phase,  4-wire 
distributing  system  so  as  to  make  it  work  on 
220  volts,  2-wire,  direct  current.  To  add  to 
the  complications,  there  were  two  kinds  of 
sockets,  and  for  weeks  onlj^  110-volt  lamps 
were  available.  It  is  easy  to  imagine  the 
complications  resulting  from  such  a  system  of 
distribution.  It  took  a  gang  of  men  chasing  all 
day  to  keep  a  few  lights  running  through  the 
night.  Before  the  armistice  was  signed,  how- 
ever, the  distributing  system  was  in  fairly 
good  shape  and  24-hour  service  was  given 
with  very  few  interruptions.  A  great  deal 
more  current  was  demanded  than  it  was  pos- 
sible for  this  little  plant  to  produce.  One  of 
the  mobile  plants  which  had  been  assembled 
at  a  main  depot  was  shipped  into  the  freight 
yard  at  St.  Mihiel  and  is  shown  in  the  illustra- 
tion. Fig.  22.  It  was  in  a  standard  American 
box  car  with  fittings  to  conform  to  French 
railroad  practice,  of  which  there  are  so  many 
thousands  in  use  in  France  by  the  American 
Army.  Inside  the  car  was  a  SO-h.p.,  50-kw., 
250-volt,  direct  current  gasolene-electric  gen- 
erating unit.  The  machine  was  complete 
with  self  starter,  storage  tanks,  cooling  device, 
searchlight,  flood  lights,  coils  of  flexible  cable 
for  transmission,  and  racks  of  lamps  and  other 
supplies.  This  plant  was  used  to  supplement 
the  M'ater  power  plant,  and  continued  to 
operate  until  the  Corps  Headquarters  mov"ed 
away. 

One  of  the  most  serious  problems  at 
places  like  St.  Mihiel  was  to  keep  the  number 
of  lights  down  to  the  capacity  of  the  generator 
and  the  supply  of  bulks  aA-ailable  for  replace- 
ment. Officially  onl}'  headquarters  offices, 
work  rooms,  officers'  quarters  and  dining 
rooms,  and  men's  mess  halls  and  recreation 
rooms  were  entitled  to  lights,  but  there  were 
always  auxiliary  uses  which  had  some  grounds 
of  legitimacy,  such  as  churches,  ministers' 
houses,  public  offices,  etc.  Actually,  as 
billets  changed,  civilians  would  continue  to 
use  lights  after  officers  had  moved  out,  and  it 
was  a  never-ending  job  to  cut  off  the  un- 
authorized customers.  In  one  place  the 
situation  became  so  bad  that  the  Command- 
ing General  issued  preemptory  orders  that  no 
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li.ulil  sluuilil  1h'  coimccti'd  hy  any  one  excopl 
(Ui  auiliniiiy  (if  a  (li'sij^Miatcd  (idicer,  and  thai 
any  one  found  using  an   iinaiuliorizcd   Hk'iI 
should  lie  sunin'arily  dealt  with.    The 
first    one    eau>,'lU    adding:;    additional 
lam])s    was    the    Cleneral's    personal 
orderly,  who  was  tryini;  to  make  his 
own  quarters  more  comfortahle. 

It  is  interestinj:;  to  note  in  eonnec- 
tion  with  tlie  German  hii;h  tension 
transmission  system  just  mentioned, 
that  the  Boche  dismantled  many  hij^h 
tension  lines  as  well  as  took  away  a 
vast  amount  of  machincr\'  which  the 
French  liad  used  before  the  war.  From 
the  time  the  French  drove  the  Ger- 
mans out  of  the  forts  around  \'erdun 
in  lU  1(1,  until  the  armistice,  tlie  French 
in  front  of  \'erdini  and  the  Germans 
in  front  of  Etain  watched  each 
other  over  the  entrenchments  in  the 
intervening  valleys.  Etain  had  a 
covered  water  reservoir  built  on  the 
high  ground  to  the  east  of  the  city  and  ap- 
jiarently    fitted    with    an    electrically- driven 


the  contour  of  the  embankments  over  the 
reser\()ir,  r)r  otherwise  afTecling  the  landscape- 
so  as  to  change  aerial  photographs,  the  Bochcs 


Fig.  18.  Boche  Concrete  Mixing  Plant.  Slip-ring  Motor  Dri' 
former  Station.  This  was  near  Charey.  on  the  Hindenb; 
Toul  Sector.  The  Germans  had  several  of  their  plant 
extensive  narrow-gauge  railroads  running  down  to  1 
concrete  dugouts  on  the  Hindenburg  Line 


ine.  in  the 
hills  with 
monolithic 


Fig.  17.  Boche  Portable  Oil  Switch.  This  is  the  same  switch  as 
in  Fig.  16,  but  with  the  oil  can  dropped.  Note  the  system 
of  levers  for  lifting  the  oil  can,  the  frame  with  wheels  and 
the  handwheel,  which  has  indicating  device  with  colored  disk 


pumping  plant  of  considerable  capacity.  High 
tension  lines  came  across  the  open  country  to 
this  reservoir.     Without  in  anv  wav  changing 


cleaned  it  out,  built  bomb  proofs  inside,  and 
made  what  seems  to  have  been  a  telephone 
central  and  comfortable  living  quarters.  At 
the  top,  on  the  western  corners,  they  con- 
structed two  ideal  observation  posts.  These 
observation  posts  were  \-ery  completely  fitted, 
even  having  plate  glass  protection  in  front, 
hoods  for  screening  the  sunlight  and  comfort- 
ably backed  benches  for  the  observers  to  sit 
at,  with  many  telephones  and  other  signal 
apparatus  right  at  hand.  The  illustration. 
Fig.  23,  shows  the  northwest  observation  post 
with  a  part  of  the  entrance  to  what  had  been 
the  pumping  plant  and  a  transmission  line 
jiole  with  all  the  wire  taken  oil"  of  it. 

While  on  the  subject  of  high  tension 
lines,  a  few  of  the  ridiculous  happenings  ma}' 
be  mentioned,  such  as  one  case  \\  here  a  repair 
crew  connected  in  a  loop  so  as  to  m_ake  an 
ideal  short  circuit,  but  as  the  conductors  were 
iron  the  short  circuit  only  seriously  dimjned 
the  lamps,  and  was  not  of  low  enough  resist- 
ance to  burn  itself  off  with  the  power  available, 
and  several  hours  were  consumed  in  trying  to 
find  out  why  the  lights  were  so  dull.  In  another 
case,  at  an  "ll,000-volt  transformer  station,  an 
attendant  who  had  more  zeal  than  knowledge 
of  such  things,  had  some  high  tension  fuses 
blow  out.  He  opened  his  disconnecting 
switches,  substituted  copper  wire  for  the 
fuses,  closed  the  disconnecting  switches  and 
then  closed  his  oil  sw-itch.  The  oil  switch 
was  of  the  non-automatic  type,  and  so  did 
not  open,  but  his  copper  fuses  burned  up. 
He  kept  on  replacing  them  until  a  very  mad 
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and  tired  courier  reached  him  with  a  message 
relayed  from  the  65, 000 -volt  central  station 
75  miles  away,  ordering  him  to  stop,  as  he  was 
repeatedly  throwing  out  the  circuit  breakers 
on  the  entire  system  feeding  current  to 
three    French    and    two    American    Armies. 


19.  Part  of  the  Main  Building  of  the  Before-the-war  Large 
Grist  Mill  and  Electric  Control  Station  on  the  Left  (west  I 
Bank  of  the  Meuse  River  at  St.  Mihiel.  The  Army  electri- 
cal plant  was  on  the  ground  floor  of  this  ruin  and  the  con- 
trol of  speed  was  by  a  handwheel  among  the  debris  on  the 
floor  above.  Most  of  the  floors  were  gone  as  well  as  the 
roof  and  windows 


Another  time  some  soldiers,  anxious  to  have  a 
little  target  practice,  made  a  crude  target  and 
nailed  it  to  what  they  thought  was  a  telephone 
pole.  Their  marksmanship  proved  rather  good 
and  the  pole  came  crashing  down  with  some- 
thing over  fifty  bullets  through  it.  They  were 
surprised  at  the  accompanying  fireworks  and 
to  find  that  they  had  cut  the  1 1 ,000-volt  trans- 
mission line  supplying  almost  the  whole  of  the 
Verdun  sector.  It  is  also  sad  to  note  that 
65,000-volt  insulators,  to  say  nothing  about 
many  more  for  11,000  volts,  were  such  at- 
tractive targets  that  they  were  frequently  suc- 
cessfully fired  at  by  passing  troops  with  con- 
sequent interruptions  to  service. 

The  main  power  house  of  the  65,000- 
volt,  3-phase  line,  just  referred  to,  lies  south 
of  Toul  and  Nancy.  The  main  distributing 
stations  are  substantial  brick  buildings,  very 
well  designed  and  completely  equipped.  The 
one  just  north  of  Void,  which  furnished  the 
current  used  by  the  American  Army  in  and 
around  Commercy,  is  illustrated  in  Fig.  2-1. 

The  French  Army  developed  an  ex- 
cellent portable  transformer  house  consisting 
of  a  wooden  shack  just  small  enough  to  be 
transported    on    a    large    automobile    truck. 


Concrete  or  masonry  foundation  was  built  and 
the  little  house  tilted  off  the  truck  on  to  it. 
Inside  was  the  transformer,  sitting  on  the 
masonry  foundation.  Fuses  and  disconnect- 
ing switches  were  on  a  frame  above.  A  door 
was  arranged  so  that  with  insulated  hook  the 
disconnecting  switches  could  be  pulled  before 
the  operator  entered  the  building.  The 
primary  was  universally  3  phase,  50  cycle, 
varying  in  voltage  from  3000  to  18,000  ac- 
cording to  the  source  of  supply.  The  trans- 
formers were  always  3  phase  with  190,  1 10-volt, 
4-wire,  low  tension  distribution.  Illustration, 
Fig.  25,  shows  one  of  these  installed  by  the 
37th  Engineers  on  a  transmission  line  which 
they  built  from  near  Toul  to  an  a\aation  field 
at  Gondreville.  Fig.  26  shows  another,  also 
installed  by  the  Americans,  which  was  part  of 
the  electric  lines  for  the  great  British  and 
French  aviation  fields  near  Azelot  and 
Burthecourt.     Another  illustration.   Fig.  27, 


Fig.  20.  Part  of  the  East  Face  of  the  Old  Mill  at  St.  Mihiel, 
shown  in  Fig.  19.  The  Army  220-volt  supply  cables  can  be 
seen  coming  out  of  a  window  and  running  down  the  wall  into 
the  tailrace,  in  which  they  went  under  the  railroad  tracks 


shows  one  of  the  expedients  resorted  to.  For 
the  last  mentioned  high  tension  line  it  was 
possible  to  utilize  some  of  the  steel  poles  of  a 
French  before-the-war  line,  which  had  been 
dismantled  to  use  the  insulators  and  cables 
elsewhere.    It  was  necessarv  to  make  a  branch 
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St.  Mihiel  Electric  Plant.      The  generator  in  the  building  shown  in  Figs.  19  and  20. 
Note  wooden  frame  switchboard  behind  the  generator  and  the 
hood  over  it  to  deflect  dripping  rain 


and  desirable  to  have  disconnecting  switches. 
The  illustration  shows  the  standard  t^-pe  of 
French  air-brake  sectionalizing  switch 
mounted  on  two  wooden  poles  between  two 
of  the  steel  poles  of  the  former  transmis- 
sion line. 


Fig.  22.      50-kw.  Gasolene  Engine  Electric  Plant  in  American  Box  C 
Yard  at  St.  Mihiel.      This  is  the  type  rf  freight  car  in  which  I 
of  thousands  of  American  soldiers  rode  back  and  forth  ac 
France  and  which  was  also  used  to  supply  them 
with  rations,  clothing,  etc. 

The  latter  part  of  October  the  Amer- 
ican General  Headquarters  were  still  all  at 
Chaumont,  the  headquarters  of  our  First 
Army  at  Souilly,  southwest  of  \'erdun,  which 
had  been  for  a  long  time  the  headquarters  of 
the    Second    French    Armv,    and    the    head- 


quarters of  the  Second  American  Army  was 
at  Toul.  As  part  of  the  plan  for  the  tremen- 
dous dri\-e  which  would  have  been  made 
against  the  Germans  had  they  failed  to  sign 
the  annistice,  the  1st  Echelon  of  General 
Headquarters,  which  finally  went  to  Treves, 
in  Germany,  in  connection  with  the 
Army  of  Occupation,  was  to  move  to 
Toul,  and  the  headquarters  of  the 
Second  Army  was  to  leave  Toul  for  a 
!)oint  nearer  the  front  so  as  to  be  in 
the  midst  of  their  troops.  A  little 
liamlet  called  Hamonville,  about  10 
miles  north  of  Toul,  was  selected 
because  of  its  position,  and  rush 
orders  were  given  to  make  it  ready 
for  an  Army  Headquarters.  This  in- 
\-olved  the  transport  there  of  several 
liundred  truck  loads  of  barracks,  and 
their  erection  and  completion  all 
within  36  hours ;  the  establishment  of 
a  large  telephone  central  station  and 
all  the  other  complicated  minutiae  of 
Freight  jj  great  business  organization  which 
must  function  fully  and  freeh"  within 
a  few  minutes  after  its  arrival.  About 
9:30  o'clock  Saturday  night,  final  in- 
structions were  given.  Headquarters  would 
move  Monday  afternoon.  At  least  2.50  elec- 
tric lights  must  be  available  that  afternoon, 
mostly  in  buildings  which  would  not  even  be 
on  the  ground  until  Sunday  afternoon  and  not 
put   up   until   some   time    Monday.      Ample 
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water  pumping  capacity  must  also  be  pro- 
vided. The  roads  leading  there  were  in 
atrocious  condition  and  blocked  with  trans- 
port of  troops.  There  was  practically  nothing 
available  in  the  town.  It  was  decided  that  the 
most  feasible  proposition  was  to  erect  a  24-kw. 


Fig.  23.  Boche  Observation  Station  in  Former  City  Water 
Works.  The  Germans  held  this  point  until  the  armistice. 
They  watched  the  French  forts  before  Verdun  from  here. 
Note  how  little  the  ground  is  changed  as  seen  from  above 
by  an  airplane,  by  the  addition  of  this  post.  The  slot  in 
front  was  faced  with  heavy  plate  glass  and  shielded  from 
sunlight  by  a  metal  hood  covered  with  earth 

American  gasolene-electric  generating  set 
on  a  caterpillar  trailer,  and  send  it  up  across 
country  with  a  tractor.  Fortunately,  at  the 
large  Engineer  Depot  at  Leonval  there  were 
two  such  units  actually  running  in  the  En- 
gineer Shops.  A  large  caterpillar  trailer  was 
backed  into  the  shop  and  with  a  few  timbers 
to  reinforce  the  platform,  one  of  these  units, 
with  its  radiator  and  fan,  its  sv.dtchboard, 
and  a  gasolene  drum  as  supply  tank,  was 
bolted  on.  A  light  frame  was  thrown  up  to 
support  a  canvas  cover.  The  work  was 
started  just  before  noon,  Sunday,  the  unit  was 
actually  running  during  the  early  part  of  the 
night  and  was  pulled  out  by  the  tractor  about 
1 :00  a.  m^.,  work  continuing  on  the  trip.  It 
was  towed  through  the  mud,  in  the  dark  the 
rest  of  the  night,  and  was  pushed  into  a  shed 
at  Hamonville  ready  to  be  connected  and 
operated  before  9:30,  Monday  morning.  A 
few  hours  before  work  was  started  on  this 
unit,  a  detachment  from  the  Griscourt  camp. 


referred  to  above,  started  out  with  motor 
trucks  and  three  days'  hard  rations  to  salvage 
sufficient  poles,  cross  arms  and  insulators 
from  the  captured  Boche  transmission  Hnes, 
for  the  outside  lines  over  the  town  and  the 
fields  taken  for  barrack  buildings.  They  came 
rolling  in  with  the  salvage  before  davHght 
Monday  morning.  Meanwhile  other  trucks 
brought  men,  supplies  and  tools,  Saturday 
night  and  Sunday.  A  small  plant  had  been 
set  up  for  temporary  and  breakdown  service 
and  by  the  middle  of  the  night  lights  were 
available  in  the  Commanding  General's 
quarters  and  offices  and  soon  after  daylight 
the  next  morning  in  all  the  barracks  and 
quarters  which  were  completed.  It  happened, 
however,  that  that  next  morning  was  the  11th 
of  November,  and  the  installation  was  never 
completed.  The  caterpillar  trailer  with  its 
2.5-kw.  set  was  drawn  back  to  Camp  Leonval 
and  used  for  lighting  a  large  number  of  bar- 
racks, a  gymnasium  and  a  theater,  and  the 
cover  illustration  shows  it  there  where  it 
stood  for  several  months.  The  follomng 
extract  from  a  letter  from  the  writer  to  a 
friend  at  home,  written  three  days  later, 
November  14th,  tells  so  clearly  some  of  the 
story  of  that  day  that  it  is  quoted  here.      It 


Fig.  24.  2000-kw.,  65.000  11.000  volts.  Three-phase,  50-cycle 
Substation  of  the  Compagnie  Lorraine  d'Electricite  Between 
Void  and  Commercy,  in  operation  throughout  the  war.  It 
supplied  several  large  American  units  with  electric  current. 
The  main  65.000-volt  line  passing  through  this  station  fed 
the  extensive  army  lines  in  the  Verdun  sector  frcm  a  similar 
substation  at  Bar-le-Duc 


starts   with   the   work   just    before   noon   on 
Sunday: 

"Next  I  went  to  the  site  of  the  new  P.C. 
with  the  Captain  who  was  to  do  the  job  there 
and  personally  laid  it  out  with  him.  The 
first  truck  loads  of  barrack  parts  were  being 
unloaded  then.    Labor  troops  were  pouring  in 
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1)11  ;ill  llic  rciails.  WakT  supply,  hatli  liousi'S, 
tck'pliiiiirs,  lalriiR's,  aiid  all  llu-  >:;ri.'at  mimitiat' 
rociuirnl  Inr  I  lie  ct-ntral  control  post  for  tlu' 
several  huncli-ci!  iliousand  men  thai  make  up 
an  army,  were  all  under  \va\'.  My  cleelrieal 
show  was  onl\-  a  \ery  small  part  of  it,  l)Ut  so 
inlerlaeed  with  it  all  that  we  had  to  know 
ahout  all  that  was  j^oin'g  on. 

"TlK'n  1  went  way  up  into  the  Norlh- 
weslei'ii  jiarl  of  our  Front,  where  we  had 
pushed  ahead  from  one  to  seven  kilometers 


I  had  a  ^jood  driver.  (I  have  two  ser;,'cants 
liotli  of  whom  are  fine,  careful,  exi)erl  drivers. 
In  times  of  stress  I  use  one  one  day,  and  the 
other  the  next.)  The  roads  were  crowded  with 
trains  of  all  sorts.  It  had  Iieen  raining',  and 
was  very  muddy  and  slijjpery.  Automobiles 
were  j,'ettin>^  ditched.  Trucks  were  stalled 
more  or  less,  and  horse-drawn  outfits  were 
ha^^nK  a  hard  time  of  it.  It  was  slow,  nasty 
work  fretting  around.  We  went  over  100 
miles  in  the  dark. 


1 

Fig.  25.  French  Army  Transformer  Sta- 
tion. Wooden  building  which  can  be 
moved  complete  with  switches,  insula- 
tors, choke  coils.  lightning  arresters, 
etc..  on  auto  truck  without  dismantling. 
A  great  many  were  used  in  all  the 
French  and  American  Army  areas. 
6000-volt  line  shown  above  and  regu- 
lar 190  110-volt.  four-wire  distributing 
lines  below 


Fig.  26.  French  Army  Transformer  Sta- 
tion. Of  the  same  type  as  shown  in 
Fig.  25.  but  with  the  door  open  show- 
ing transformer  sitting  on  masonry 
foundation  and  insulated  stool  for 
operator  to  stand  on.  6000-volt. 
three-phase  incoming  line  shown  on 
pole  behind  the  house-  Avnation  field 
barracks  in  rear 


the  night  before.  Hospitals  were  coming  in 
w^hich  must  ha\-e  light  and  current  for  other 
purposes. 

"I  started  a  connecting  link  between  good 
French  transmission  lines  and  Boche  lines 
which  they  had  not  had  time  to  destroy,  ex- 
cept in  spots.  I  put  one  of  my  Lieuts.  who 
built  Western  high  tension  lines  before  the 
War,  at  the  cleaning  up  of  the  German  lines, 
the  reconnecting  of  transformers  from  17,000 
to  11,000  volts,  and  the  establishment  of  a 
;iOO()-volt  secondary  network. 

"It  was  after  dark  by  that  time,  and  about 
the  nastiest  fog  I  ever  was  in.  We  could  not 
see  anv  distance  in  front  of  us.     Fortunately 


"  By  midnight  I  had  inspected  the  new  plant 
being  finished  for  the  Army  P.C.  and  gone 
over  the  ground  again.  The  \^dring  of  the 
quarters  and  offices  of  the  Lieut.  General  was 
ahead  of  the  painters  and  everN-thing  was 
going  good.  I  still  had  to  visit  another  sector 
headquarters.  I  reached  my  own  quarters  a 
little  after  3  a.  m.,  as  I  had  to  go  to  my  office 
and  attend  to  a  lot  of  correspondence  and 
dictate  some  orders  after  2  a.  m. 

"At  6:45  I  had  finished  breakfast  and  was 
ofif  again.  I  checked  up  on  some  work  and 
then  reported  to  Arm}-  headquarters,  to  my 
Chief's  office  at  8  a.  m.  I  found  that  there 
were  some  supplies  needed  at  various  point 
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that  morning,  which  could  only  be  got 
forward  in  a  fast  car.  Some  of  them  were  very 
special,  and  not  in  our  stocks.  I  took  a 
Frenchman  attached  to  our  service  and  beat 
it  for  Nancy. 


with  Fi 

■ench  three-pole  air-brake  switch 

mountf 

;d     between     the     tops     of    twc 

wooder 

1     poles     with     operating     lever 

down 

alongside    one    of    them.      This 

Army 

line    was   for    6000    volts,    three- 

phase,  with  three   transformer  statit 

''At  just  before  1 1  o'clock  I  was  in  the  office 
of  the  Cie.  General  Electrique  at  Nancy,  get- 
ting some  special  high  voltage  insulating 
material  for  one  of  the  salvaged  Boche  trans- 


formers, when  the  whistle  began  to  blow  and 
the  bells  to  ring. .  We  soon  found  that  the 
armistice  had  been  signed  and  was  to  go  into 
effect  in  a  few  minutes.  I  could  not  wait  to  see 
the  fun,  as  there  were  no  orders  to  let  up  on 
anything  except  to  stop  actual  fighting.  In 
fact,  they  did  not  stop  until  the  exact  hour. 
Not  far  from  here  a  whole  platoon  of  infantry 
with  two  machine  guns  and  their  crews  went 
out  at  10:30  to  do  a  little  consolidating  work. 
At  10:45  the  Germans  put  down  a  horrible 
barrage  and  at  ten  minutes  before  1 1  cap- 
tured the  whole  lot.  or  what  was  left  of  them. 

"I  stopped  just  long  enough  to  read  the 
official  notice,  to  buy  two  French  and  two 
American  flags  for  my  automobile  and  to 
finish  loading  the  things  we  had  bought.  As  I 
came  away  the  town  was  turning  out.  Shops, 
stores,  schools,  everything  was  closing.  I  saw 
more  smiles  that  day  than  I  had  seen  in  all 
France  in  the  past  nine  months. 

"It  was  surprising  how  the  news  had 
spread.  I  passed  through  only  one  or  two 
camps  which  did  not  know  of  it. 

"By  the  middle  of  the  afternoon  I  had  re- 
adjusted things  and  celebrated  by  taking 
about  an  hour's  rest.  That  night  I  got  a 
pretty  fair  sleep,  with  the  very  strange  ex- 
perience of  having  the  camouflaged  shutters 
open. 

"Tuesday  morning  I  was  oft"  again  early 
for  another  very  long  day,  getting  things  ad- 
justed to  the  new  conditions.  I  went  through 
Nancy  late  that  night,  i.  e.,  about  11 
o'clock,  and  it  seemed  so  strange  to  see  streets 
lighted,  shutters  open,  and  people  in  the 
cafes  and  on  the  streets  at  that  time  of  night. 
It  was  equally  strange  to  be  able  to  use  head 
lights,  side  lights  and  tail  lights  on  our  autos." 


Fig.  30.      Wreck  of  German  17000  3000-volt  Transformer  Substation  Just  Outside  of  Vigneulles, 

showing  the  condition  in  which  the  Boche  abandoned  it.      One  17,000-volt  line  ran  from 

here  toward  Montsec  and  another  toward  St.  Mihiel.      Four  3000-volt  lines  went 

out  of  this  station  to  about  ten  transformer  stations  of  10  and  15  kv-a. 

The  oil  switches  and  iron  framework  are  completely  destroyed 
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The  Arrangement  of  Electrons  in  Atoms  and 

Molecules 

PART   II 

|{\     IkVINi;    I-ANliMl'IR 
Rl.SKAlU  U    I.  AHOKAIOKV,   ( '.  ICNUR  Al.  El.KtTKll     CcPMl'ASV 

In  Part  I,  published  in  our  last  issue,  the  author  discussed  the  fundamental  postulates  of  his  theory  and 
applied  these  to  explain  the  periodic  properties  of  the  elements.  In  the  present  issue  he  deals  with  the 
mechanism  of  chemical  action  and  the  structure  and  properties  of  compounds.  After  pointing  out  the  uncer- 
tainties attached  to  the  ordinary  text  book  conceptions  of  valency,  tlic  author  suRKests  a  much  more  general 
theory  of  valence.  This  theory  is  then  applied  in  elucidating  tlie  structure  of  a  large  number  of  organic  and 
inorganic  compounds,  for  some  of  which  it  has  been  impossible  to  p<jstulate  any  structure  in  accordance  with 
the  ordinary  valence  theory. — Editor. 


The  Mechanism  of  Chemical  Action  and  the  Struc- 
ture and  Properties  of  Compounds 

Tlu'  iircccdiiiL;  theory  of  stnicttirc  of  tlic 
atoms  ill  tlu'  two  short  periods  is  nearly  the 
same  as  that  postulated  by  Lewis.  Lewis 
has  diseussed  how  a  theory  of  valence  may 
be  derived  from  this  structure.  He  considers 
the  nature  of  the  sinj^le,  double  and  triple 
bonds,  the  structure  of  the  ammonium  ion, 
iodine  and  oxygen  molecules,  ions  such  as  the 
sulfate,  perchlorate,  etc.,  the  tetrahedral 
arrangement  of  the  electrons  around  the 
nucleus  in  the  carbon  atoms,  etc.  In  this  way 
he  has  fully  demonstrated  the  general  value 
and  applicability  of  the  theory.  LTnfortunately 
Lewis'  treatment  of  this  subject  was  rather 
brief  and  perhaps  for  this  reason  it  does  not 
seem  to  have  met  with  the  general  acceptance 
which  it  deserves. 

It  therefore  seems  desirable  to  consider  in 
some  detail  how  this  theory  may  be  applied 
to  the  prediction  of  the  properties  of  the  first 
IS  elements  and  their  compounds.  In  doing 
so  we  shall  considerably  extend  Lewis'  theory 
and  because  of  the  more  definite  conceptions 
of  atomic  structure  which  we  have  developed 
we  will  be  able  to  apply  a  somewhat  different 
viewpoint.  In  particular  w-e  shall  attempt  to 
explain  the  "physical"  as  well  as  the  "chem- 
ical" properties  of  compounds.  The  pre- 
diction of  these  properties  depends  mainly 
on  Postulates  8,  9,  10  and  11  given  below. 
Following  Lewis'  practice  we  will  refer  to  the 
outside  electrons  forming  an  uncompleted 
shell  or  layer  as  "the  shell"  of  the  atom; 
while  the  whole  inner  portion,  consisting  of 
shells  and  layers  each  containing  its  full  quota 
of  electrons,  will  be  called  the  kernel. 

Postulate  8.  The  very  stable  arrangements 
of  electrons  corresponding  to  those  of 
the  inert  gases  are  characterized  by 
strong    internal    but    vuiusuallv  weak 


external  fields  of  force.  The  magnetic 
and  electrostatic  forces  are  each 
very  nearly  internally  balanced.  The 
smaller  the  atomic  number  of  the 
element  the  weaker  are  these  external 
fields. 

Postulate  9.  The  pair  of  electrons  in  the 
helium  atom  represents  the  most  stable 
pos.sible  arrangement.  A  stable  pair  of 
this  kind  forms  only  under  the  direct 
influence  of  positive  charges. 

The  positive  charges  producing  the  stable 
pair  may  be: 

(a)  The  nucleus  of  any  element. 
(7))    Two  hydrogen  nuclei. 

(c)  A  hydrogen  nucleus  together  with 

the  kernel  of  an  atom. 

(d)  Two  atomic  kernels. 

These    are    listed    in    the    order    of    their 

stability. 
As  we  have  seen  from  the  previous  dis- 
cussion on  atomic  structure,  the  tendency  to 
form  a  pair  of  electrons  about  the  nucleus 
of  any  atom  OA-erpowers  the  tendency  to  form 
other  arrangements  so  that  the  stable  pair 
constitutes  the  first  shell  of  all  the  elements 
except  hydrogen.  The  tendency  for  the  pair 
to  form  around  two  atomic  kernels  (Case  d) 
is  weak  and  thus  only  in  exceptional  cases, 
under  some  outside  compelling  influence  does 
this  combination  occur. 

Postulate  10.  After  the  very  stable  pairs 
(Postulate  9)  the  next  most  stable 
arrangement  of  electrons  is  the  group 
of  eight  such  as  forms  the  outside  layer 
in  atoms  of  neon  and  argon.  We  shall 
call  this  stable  group  of  eight  electrons 
the  "octet."  Any  atom  up  to  argon 
having  more  than  two  positive  charges 
on  its  kernel  tends  to  take  up  electrons 
to   fonn    an    octet.     The    greater    the 
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charge  on  the  kernel  the  stronger  is 
this  tendency.  In  exceptional  cases, 
the  octet  can  form  about  a  complex 
kernel,  that  is,  about  a  structure  con- 
taining the  kernels  of  two  atoms 
bound  together  by  a  pair  of  electrons 
(Postulate  9d). 
Postulate  11,  Ehctrons  Held  in  Common. 
Two  octets  may  hold  one,  two  or  some- 
times even  three  pairs  of  electrons  in 
common.  A  stable  pair  and  an  octet 
may  hold  a  pair  of  electrons  in  common. 
An  octet  may  share  an  even  number 
of  its  electrons  with  one,  two,  three 
or  four  other  octets.  No  electron  can 
form  parts  of  more  than  two  octets. 

The  fact  that  only  an  even  number  of 
electrons  can  be  held  in  common  probably 
signifies  that  the  tendency  to  form  stable 
pairs  between  the  two  kernels,  according  to 
Postulate  9,  is  a  vital  factor  in  the  sharing  of 
electrons  between  octets. 

When  octets  combine  together  by  sharing 
their  electrons  fewer  electrons  are  required 
than  if  the  octets  remain  separate.  Thus 
when  two  octets  containing  a  total  of  16 
electrons  combine  so  as  to  hold  a  pair  in 
common  two  electrons  are  set  free.  Two 
octets  held  together  by  one,  two  or  three 
pairs  of  electrons  thus  contain  14,  12  or  10 
electrons  respectively.  When  we  consider 
that  the  shells  of  all  atoms  except  those  of 
the  inert  gases  are  unsaturated,  we  see  how 
necessary  it  is  for  the  atoms  to  share  their 
electrons  with  each  other  if  the  stable  pairs 
and  octets  are  to  be  formed. 

Lewis  discusses  two  possible  arrangements 
of  the  electrons  in  the  octet.  They  may  be 
placed  at  the  eight  corners  of  a  cube  or  they 
may  be  located  in  pairs  at  the  four  corners  of 
a  regular  tetrahedron.  In  view  of  Postulates 
5  and  11  it  would  seem  .that  the  electrons 
in  the  octet  are  normally  arranged  in  positions 
corresponding  to  the  corners  of  a  cube  but 
that  the  electrons  which  are  held  in  common 
between  two  octets  or  an  octet  and  a  stable 
pair,  are  drawn  together  by  magnetic  forces 
to  form  pairs.  Thus  we  look  upon  electrons 
in  the  atoms  as  able  to  move  from,  their 
normal  positions  under  the  influence  of  mag- 
netic and  electrostatic  forces.  This  view  does 
not  conflict  with  that  of  Postulate  3  according 


*  We  will  use  R  to  denote  the  number  of  electrons  in  the  shell 
of  the  atom  as  given  in  Table  I. 

t  Langmuir.     Jour.  Amer.  Chem.  Soc,  S-i.  1310  (1912). 

X  According  to  the  theory  which  I  have  advanced.  Jour.  Amer. 
Chem.  Soc.  SS,  2221  (1916);  39.  1S48  (1917).  the  so-called 
physical  properties  such  as  boiling  point,  melting  point,  surface 
tension,  etc..  are  manifestations  of  typical  chemical  forces, 
sometimes  primary  valence,  other  times  secondary  valence  forces. 


to  which  the  electrons  are  in  cellular  spaces. 
Thus  we  might  assume  when  there  are  eight 
outside  cells  that  these  are  in  the  form  of 
octants  of  a  sphere.  In  the  atom  of  neon, 
or  the  kernel  of  sodium,  or  in  the  chlorine 
ion  the  eight  electrons  would  be  arranged 
neraly  at  the  centers  of  the  octants,  but  in 
compounds  where  pairs  of  electrons  are 
shared  by  other  atoms,  the  two  electrons 
forming  the  pairs  are  displaced  over  near  the 
boundaries  of  the  octants  and  are  thus  able 
to  come  sufficiently  close  together  for  the 
magnetic  forces  to  cause  them  to  form  stable 
pairs. 

We  are  now  in  a  position  to  apply  the  theorj^ 
to  explain  the  properties  of  the  elements  and 
their  compounds. 

Hydrogen  TV  =  1 ;  £*  =  1.  Hydrogen  atoms 
are  very  active  chemically  because  they  tend 
to  combine  with  any  other  atoms  capable  of 
supplying  electrons  by  which  the  stable  pairs 
can  be  formed.  We  should  expect  a  hydrogen 
atom  to  constitute  a  doublet  of  high  moment 
which  would  tend  to  attract  all  other  bodies. 
Thus  atomic  hydrogen  is  very  strongly 
absorbed  on  surfaces.!  When  two  hydrogen 
atoms  come  in  contact  their  two  electrons 
form  a  stable  pair  (Postulate  9b)  under  the 
influence  of  the  two  nuclei  so  that  a  molecule 
Ho  is  produced.  This  molecule  has  an  un- 
usually weak  external  field  (Postulate  8)  and 
therefore  hydrogen  has  a  very  low  boiling 
pointj  and  is  relatively  inert  chemically 
except  in  so  far  as  it  can  be  made  to  split 
up  into  atoms. 

Helmm  N  =  2;  E  =  0.  In  the  helium  atom 
the  stable  pair  already  exists.  Since  this  is 
the  most  stable  arrangement  of  electrons 
and  has  the  weakest  stray  field  (Postulate  S) , 
helium  forms  no  chemical  compounds  and 
has  the  lowest  boiling  point  and  highest 
ionizing  potential  of  any  known  substance. 
Hydrogen  has  a  higher  boiling  point  and  lower 
ionizing  potential  than  helium  because  the 
mutual  repulsion  of  the  two  nuclei  forces 
these  apart  and  increases- the  strength  of  the 
external  field. 

First  Short  Period 

Lithium  N  =  3;  E=l.  Two  of  the  electrons 
form  a  stable  pair  which  completes  the  first 
shell.  The  extra  electron  just  as  that  of  the 
hydrogen  atom  tends  to  m.ake  the  atom  very 
active  chemically.  Lithium  atoms  are  electric 
doublets  and  therefore  attract  one  another. 
There  is,  however,  _now  little  or  no  tendency 
to  form  stable  pairs  of  electrons  (Postulate  9) 
since  the  kernels  of  the  lithium,  atoms  are 
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liiil  simple  niU'K'i  ;is  wrvr  llinsc  nf  li\'ilni^rn. 
'I'liiis  al'UT  iiiu'  litliium  ainin  has  drawn 
aimilirr  uiie  to  it  there  is  still  just  as  j,'rt'at  a 
t'orci'  irmlinj:;  to  draw  in  a  third.  'I'ht-  ck'ctro- 
slatic  forces  involved  are  like  tliose  hold- 
ing; lof^ether  a  crystal  of  sodium  chloride. 
The  positively  charj^ed  lilhium  kernels  and 
the  free  electrons  will  therefore  arran},'e  them- 
selves in  space  in  a  continuous  lattice  in  a 
manner  quite  analoj^ous  to  that  of  sodium 
and  chlorine  atoms  in  crystals  of  sodium 
chloride.  Lithium  atoms  when  allowed  to 
come  into  contact  with  each  oilier  do  not  form 
molecules  but  form  a  crystalline  solid  con- 
taining free  electrons  as  part  of  the  lattice 
structure  which  is  therefore  a  metallic  con- 
ductor of  electricity.  When  lithium  is  melted 
the  structure  is  not  essentially  changed 
except  in  regard  to  the  regularity  of  the 
lattice.  The  free  electrons  still  occur  between 
the  lithium  kernels  and  the  metallic  con- 
duction persists.  The  strong  forces  exerted 
by  the  positively  and  negatively  charged 
particles  on  each  other  makes  it  difficult  to 
separate  the  atoms.  The  great  difference 
between  the  boiling  points  of  lilhium  and 
those  of  hydrogen  and  helium  is  under- 
standable. 

When  lithium  is  heated  to  a  sufficiently 
high  temperature,  the  thermal  agitation  is 
able  to  overcome  in  some  degree  even  these 
strong  forces  so  that  the  lithium  evaporates. 
It  is  easy  to  see,  however,  that  the  vapor  is 
monatomic.  The  energy  necessary  to  sepa- 
rate two  atoms  of  lithium  from  the  surface  is 
about  twice  that  required  to  separate  one, 
but  the  kinetic  energy  of  a  molecule  of  two 
atoms  is  the  same  as  that  of  one,  so  that  the 
momentum  is  only  -y/ 2  times  that  of  a  single 
atom.  Or  to  look  at  the  problem  another  way, 
suppose  that  a  diatomic  molecule  of  lithium 
Liz  does  evaporate  from  the  surface,  the 
kinetic  energy  of  agitation  of  these  atoms 
with  respect  to  each  other  is  the  same  as 
when  the  atoms  formed  part  of  the  surface. 
But  the  forces  holding  the  atoms  together 
in  space  are  in  general  much  less  than  those 
which  originally  held  the  atoms  to  the  sur- 
face. Thus  if  we  assume  that  the  space 
lattice  is  like  that  of  sodium  chloride  each 
charged  particle  in  the  interior  has  six 
oppositely  charged  particles  around  it.  A 
particle  in  the  surface  usually  has  two  or 
three  neighboring  oppositely  charged  par- 
ticles. For  these  reasons  even  if  some 
diatomic  lithium  molecules  should  leave  the 
surface  they  would  dissociate  into  atoms  at  a 
rate  large  com]3ared  to  that  at   which  they 


e\ai)orate  from  the  surface.  In  any  case  the 
rcsullant  vapor  is  monatomic. 

TIk'  attractive  forces  between  the  electrons 
and  the  lithium  kernels  prevent  their  separa- 
lioii  and  hence  lithium  vajjor  is  normally  a 
iiim-conductor  of  electricity. 

If  lithium  atoms  and  hydrogen  atoms  are 
brouKiit  together  the  extra  electron  of  the 
lithium  Jitom  and  the  electron  of  the  hydrogen 
atom  comljine  together  to  form  a  stable  jjair 
with  the  hydrogen  nucleus  at  its  center 
(Postulate  !'a).  The  lithium  kernels  thus 
become  lilhium  ions  Li'^,  while  the  hydrogen 
nuclei  surrounded  by  the  i:)air  of  electrons  arc 
negatively  charged  hydrogen  ions  H~.  These 
charged  ])articles  would  be  attracted  to  each 
other  but  since  there  is  no  tendency  for 
negative  ions  to  form  pairs  about  positive 
kernels  there  would  be  no  tendency  to 
form  molecules.  The  lithium  and  hydrogen 
ions  form  a  crystalline  solid  having  the 
composition  of  LiH.  Since  there  are  no 
free  electrons,  the  .solid  body  is  a  non- 
conductor of  electricity.  If  melted,  however, 
the  positively  and  negatively  charged  par- 
ticles should  be  able  to  move  under  the 
influence  of  an  electric  field  so  that  molten 
LiH  should  be  an  electrolyte  (as  Lewis  has 
pointed  out)  in  which  hydrogen  should  appear 
at  the  anode.  The  comparative  ease  with 
which  an  electron  can  be  taken  from  a  lithium 
atom  by  an  electronegative  element  makes 
univalent  lithium  ions  stable  in  water 
solutions. 

The  theory  thus  not  only  accounts  for  the 
chemical  activity  and  valency  of  hydrogen 
and  lithium  as  compared  to  helium,  but 
explains  the  ordinary  properties,  such  as 
boiling  point,  electric  conductivity,  ionizing 
potential,  etc. 

Beryllhim  A' =  4;  E  =  2.  The  first  two  elec- 
trons form  the  stable  pair,  leaving  two 
electrons  in  the  second  shell.  Since  the  atom 
can  give  up  two  electrons  easily  it  forms  a 
divalent  ion. 

Boron  A' =  5;  E  =  3.  The  three  electrons  in 
the  outer  shell  give  this  element  its  tervalent 
character.  The  small  volume  of  the  atom 
makes  it  incapable  of  forming  a  tervalent 
cation.  Boron  has,  therefore,  a  more  electro- 
negative character  than  the  previously  con- 
sidered elements. 

Carbon  A' =  6,  £  =  4;  Xiirogen  X  =  7,  E  =  o; 
Oxygen  A' =8,  £  =  6.  We  shall  consider  these 
three  elements  together  because  the  applica- 
tion of  the  theory  is  best  illustrated  by  the 
compounds  they  form  with  each  other  and 
with  hydrogen.     The  properties  of  the  atoms 
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up  to  this  point  have  been  determined  by 
their  ability  to  give  up  one  or  more  electrons. 
With  carbon  and  the  elements  which  follow 
it  there  is  less  tendency  to  part  with  elec- 
trons, and  more  tendency  to  take  up  electrons 
to  form  a  new  octet.  This  opens  up  new 
possibilities  in  the  formation  of  compounds 
and  as  a  result  we  find  a  remarkable  contrast 
between  the  properties  of  oxygen  and  nitrogen 
and  those  of  lithium  and  berylhum.  The 
ordinary  theory  of  valency  has  nowhere  been 
more  strikingly  useful  than  in  the  chemistry 
of  carbon  compounds.  Among  compounds 
of  carbon  with  hydrogen  and  oxygen  the 
valency  almost  without  exception  can  be 
taken  as  four  for  carbon,  two  for  oxygen  and 
one  for  hydrogen.  This  simple  theory  makes 
it  possible  to  predict  with  certainty  the 
existence  of  great  numbers  of  compounds 
and  the  non-existence  of  others. 

When  nitrogen  is  introduced  into  organic 
compounds  there  is  often  much  more  uncer- 
~  tainty  in  using  this  theory  of  valence.  But 
among  the  compounds  of  nitrogen  with  oxygen 
the  same  theory  is  almost  useless.  Who,  for 
example,  would  ever  have  been  able  to  pre- 
dict the  existence  of  such  compounds  as 
N,.0,  NO,  NOi,  N2O,,  N^O,  and  N.Os  or  HNO, 
HNOi,  HNO3,  etc.,  by  applying  the  Valency 
theory  that  has  been  so  successful  in  organic 
chemistry?  But  because  of  its  great  success 
in  its  special  field  this  theory  has  been  nearly 
universally  used  even  for  inorganic  com- 
pounds. To  explain  the  existence  of  the 
above  oxides  of  nitrogen  it  has  thus  been 
assumed  that  the  valency  of  nitrogen  may  be 
one,  two,  three,  four  or  five.  It  is  obvious 
that  such  a  theory  must  predict  the  existence 
of  an  unlimited  number  of  compounds  which 
do  not  exist  at  all.  For  example,  we  should 
have  such  compounds  as  NHi  NH-,,  NH^  or 
NCI,  NCk,  NCh  and  NCk. 

The  degree  to  which  any  given  theory  of 
atomic  structure  is  able  to  explain  the  success 
of  the  ordinary  valency  theory  for  carbon 
compounds  and  its  failure  for  nitrogen  com- 
pounds sliould  serve  as  a  measure  of  the 
value  of  the  theory  and  should  afford  informa- 
tion as  to  whether  the  theory  corresponds 
to  the  actual  structure  of  the  atoms. 

With  the  exception  of  compounds  like 
lithium  hydride  and  some  compounds  of  ele- 
ments having  atomic  numbers  greater  than 
20,  nearly  all  "primary  valence"  compounds 
involve  the  formation  of  octets.  Let  us 
examine  more  closely  the  theory  of  valence 
which  results  from  the  application  of  Pos- 
tulates 9,  10  and  11. 


Octet  Theory  of  Valence 

Let  e  be  the  total  number  of  available 
electrons  in  the  shells  of  the  atoms  forming  a 
given  molecule.  Let  n  be  the  number  of 
octets  formed  by  their  combination  and  let 
p  be  the  number  of  pairs  of  electrons  held  in 
common  by  the  octets.  For  every  pair  of 
electrons  held  in  common  there  is  a  saving 
of  2  p  in  the  number  of  electrons  needed  to 
form  the  octets.     Thus  we  have 

(1)  e  =  8n~2p 

For  most  purposes  it  is  more  convenient 
to  use  this  equation  in  the  form 

(2)  p=}^(8n-e) 

When  a  h3''drogen  nucleus  holds  a  pair  of 
electrons  in  common  with  an  octet,  this  pair 
should  not  be  counted  in  determining  the 
value  of  p,  since  it  does  not  result  in  any 
saving  in  the  numbers  of  electrons  required 
to  form  the  octets. 

To  determine  e  we  add  together  the  numbers 
of  available  electrons  in  the  outside  shells  of 
all  the  constituent  atoms.  Thus  for  every 
hydrogen  we  add  one,  for  lithium  one,  for 
beryllium  two,  for  carbon  four,  nitrogen  five 
and  oxygen  six. 

Equation  2  gives  definite  information  as  to 
the  ways  in  which  the  octets  in  a  given  mole- 
cule can  be  arranged.  This  equation  applies 
to  all  "octet  compounds,"  that  is,  to  all  com- 
pounds whose  atoms  are  held  together  either 
because  their  octets  share  electrons  or  because 
electrons  have  passed  from  one  atom  to 
another  in  order  to  complete  the  octets. 

Let  us  now  apply  Equation  2  to  determine 
the  structure  of  various  molecules. 

Water  {H2O).  The  hydrogen  nuclei  always 
tend  to  hold  pairs  of  electrons,  never  octets. 


/^■^^---/ 

/      1    ^^0^ 

1         CI--" 

■"     / 
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Diagram  of  the  Water  Molecule 

We  thus  place  ;;  =  1,  f  =  S  (six  for  the  oxygen 
and  one  for  each  hydrogen) .  Whence  by  equa- 
tion (2)  p  =  Q.  This  means  that  no  electrons 
are  held  in  common  between  octets  which  must 
obviously  be  the  case  for  any  molecule  con- 
taining onh"   one   octet.      The  fact   that   we 
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fountl  />  =  <)  thus  shdws  ihal  tlu-  ODmpoiiiid 
H«0  can  exist.  The  two  hydroy^en  nuclei 
attach  themselves  to  two  pairs  of  electrons 
forminj,'  the  octet.  The  arrangement  is 
))resumal>ly  as  illustrated  in  Fij,'.  2.  The 
hydroj^en  nuclei  are  rei)rcsonted  by  the  -|- 
signs  and  the  electrons  in  the  octet  by  the 
small  circles  while  the  nucleus  of  the  oxygen 
atom  is  shown  as  a  black  circle.  In  figures 
after  this  one  the  kernels  of  the  atoms  will 
not  be  shown. 

We  see  from  this  structure  that  water  forms 
molecules  which  arc  quite  thoroughly  sat- 
urated. The  two  hydrogen  nuclei  are  held 
firmly  by  the  pairs  of  electrons  very  much  as 
they  are  in  gaseous  hydrogen.  All  the  elec- 
trons form  an  octet  and  hence  (Postulate  S) 
should  have  a  rather  weak  stray  field  of 
force.  Water  therefore  should  be  a  substance 
easily  volatile  as  H«0  molecules  and  should 
not  be  a  good  conductor  of  electricity  in  the 
liquid  state.  Because  of  the  lack  of  sym- 
metry of  the  molecule  as  compared  to  the 
neon  atom,  water  molecules  should  have  a 
larger  external  field  than  neon  atoms  so  that 
the  boiling  point  should  be  much  higher. 

Lithium  Oxide  Li^O.  As  before  we  place 
H  =  1 .  c  =  S  and  find  p  =  o.  The  oxygen  atoms 
have  completed  their  octets  by  taking  the 
two  electrons  from  the  two  lithium  atoms. 
The  lithium  kernels,  however,  already  have 
their  pairs  of  electrons  and  therefore  cannot 
form  pairs  with  those  of  the  oxygen  octet. 
Therefore,  lithium  oxide  consists  of  oxygen 
atoms  carrying  a  double  negative  charge  and 
of  lithium  kernels  with  single  positive  charge. 
This  substance  thus  tends  to  form  a  solid 
space  lattice  structure  ha\"ing  low  vapor 
pressure,  which  is  an  electrolytic  conductor 
when  melted. 

Lithium  Hydroxide.  LiOH.  n  =  \,e  =  ^.  p  =  o. 
The  hydrogen  nucleus  is  held  by  a  pair  of 
electrons  in  the  oxygen  octet  but  the  lithium 
kernel  does  not  share  electrons  with  the 
oxygen  atom.  This  substance  should  thus 
form  a  solid  body  showing  electrol\-tic  con- 
ductivity when  molten  and  capable  of  dis- 
solving in  water  as  an  electroh'te  giving 
ions  of  L«+  and  0H~.  We  should  expect 
lithium  hydroxide  to  be  easily  soluble  in 
water  because  the  0H~  ion  so  much  resembles 
water  in  its  structure  and  the  high  dielectric 
constant  of  water  makes  it  easy  for  the  neces- 
sary separation  of  the  positive  and  negative 
particles  to  take  place. 

Carbon  Dioxide  CO2.  Here  each  atom  forms 
an  octet.  We  place  h  =  3;  e  =  4-t-2X6=16, 
whence  by  equation  i'l)  p  =  \.    Thus  four  pairs 


of  electrons  must  be  held  in  common  by  the 
three  octets.  This  leads  to  a  structure  like 
that  shown  diagrammatically  in  Fig.  .'J  or 
probably  better  by  Fig.  4  in  which  the  jjairs 
of  electrons  held  in  common  are  shown  closer 
together.    This  i)laces  the  four  pairs  of  elec- 
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Diagram  of  Carbon  Dioxide  Molecule 

trons  forming  the  octet  of  the  carbon  atom 
at  the  four  corners  of  a  regular  tetrahedron. 
The  lines  connecting  the  electrons  in  these 
figures  are  used  merely  to  give  a  better  per- 
spective of  the  arrangement  of  the  electrons 
and  of  course  should  not  be  taken  as  repre- 
senting the  boundaries  of  the  atoms.  In  the 
remainder  of  the  figures  no  attempt  will  be 
made  to  show  the  probable  closer  approach 
of  the  electrons  forming  the  pairs,  that  is, 
we  will  use  onlv  diagrammatic  figures  like 
Fig.  3. 

\\  e  can  readily  see  that  carbon  dioxide  is 
a  thoroughly  saturated  non-polar  substance 
which  should  be  a  non-conductor  of  elec- 
tricity, be  ver\-  readily  volatile  and  rather 
inert  chemically.  The  structure  of  carbon 
dioxide  given  by  our  theory  is  in  full  accord 
with  that  given  by  the  ordinary-  valence 
theorv  0  =  C  =  0.     Bv   Fig.   3   we   see   that 
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Diagram  of  Carbon  Dioxide  Molecule 

each  pair  of  electrons  held  in  common  is  the 
equivalent  of  the  bond,  of  the  ordinan.-  theory-. 
The  same  was  true  of  the  structure  found  for 
water.  But  for  lithium  oxide  and  hydroxide 
there  are  no  electrons  held  in  common;  the 
number  of  electrons  transferred  from  one 
atom  to  the  other  corresponds  to  the  ordinan," 
valence. 
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Methane  CHi.  We  place  «  =  1,  e  =  S,  hence 
p  =  o.  The  four  hydrogen  atoms  supply  four 
electrons  to  complete  the  octet  of  the  carbon 
atom.  Each  hydrogen  nucleus  is  held  by  one 
of  the  four  pairs  of  electrons  forming  the 
octet.  The  final  arrangement  is  that  the  four 
hydrogen  atoms  are  located  at  the  corners  of 
a  tetrahedron,  each  nucleus  held  by  a  stable 
pair  just  as  it  is  in  the  hydrogen  molecule. 
This  arrangement  is  very  much  more  sym- 
metrical than  that  of  the  water  molecule  and 
should  have  a  much  weaker  external  field. 
Methane  should  thus  be  non-polar  to  an 
unusual  degree;  it  should  be  a  gas  with  a 
fairly  low  boiling  point,  and  should  be  a  non- 
conductor even  when  liquid. 

Organic  Compounds.  It  will  be  found  that 
Equation  2  leads  to  results  identical  with  those 
of  the  ordinary  theory  of  valence  for  all  or- 
ganic compounds  of  carbon,  oxygen  and  hydro- . 
gen.  In  every  case  each  pair  of  electrons  held 
in  common  corresponds  to  a  bond.  Two  and 
three  pairs  held  between  two  octets  correspond 
to  the  double  and  triple  bonds  respectively. 

TABLE 
OCTET   THEORY  APPLIED 


To  show  how  this  theory  applies  to  hydro- 
carbons let  us  attempt  to  find  according  to 
the  octet  theory  what  substances  of  the  gen- 
eral formula  CxHy  can  exist. 

From  Equation  2,  it  is  evident  that  in  al 
octet  compounds  there  must  be  an  even 
number  of  electrons  e,  otherwise  p,  the 
number  of  pairs  of  electrons  held  in  common, 
would  be  a  fractional  number.  Therefore  in 
all  hydrocarbons  there  must  be  an  even 
number  of  hydrogen  atoms  since  each  of  these 
atoms  has  a  single  electron.  We  may  there- 
fore confine  our  attention  to  hydrocarbons 
of  the  general  formula  CxH^y.  In  Table  II,  a 
series  of  compounds  of  this  type  is  analyzed 
by  the  octet  theory.  The  first  column  gives 
the  empirical  formula  of  the  hypothetical 
compound.  The  values  of  n  and  e  are  in  the 
next  two  columns  while  p  calculated  by 
Equation  2  is  in  the  fourth.  For  CH«,  p  is 
found  to  be  1.  Since  a  single  octet  cannot 
share  any  electrons  with  itself  it  is  impossible 
to  form  a  compound  CH^,-  In  the  case  of 
CHi  we  find  p  =  o  which  is  easily  realized  since 
II 
TO  HYDROCARBONS 


n 

e 

P 

Constitution 

CH. 

1 

6 

1 

Impossible 

CH, 

1 

8 

0 

CH, 

CHc, 

1 

10 

-1 

Impossible 

C,H. 

2 

10 

3 

HC=CH 

C.Hi 

2 

12 

2 

mc  =  cH, 

C-Hs 

9 

14 

1 

H,C-CH, 

C,H> 

2 

16 

0 

CHi  +  CHi 

C,H, 

.3 

14 

5 

Possible  onlv  in  ring 

CJU 

3 

16 

4 

HiC  =  C=CHi 

CaiTs 

3 

IS 

3 

HiC—CH  =  CH,  or  as  ring 

C,H, 

3 

20 

2 

H^C-CH.-CIh 

C3H1C 

3 

22 

1 

H,C-CH,  +  CH, 

CM, 

4 

18 

/ 

HC=C-C=CH 

C,H4 

4 

20 

6 

i?,C  =  C  =  C  =  CiIo  or  as  ring 

TABLE  III 
STRUCTURE  OF   NITROGEN  OXIDES 


n 

e 

P 

structural  Formulas 

1 

N2O 

3 

16 

4 

iV  =  0  =  A'  or  N  =  N  =  0 

2 

N.Oi 

4 

22 

5 

0=N-N=0 

3 

N.O, 

5 

28 

6 

0 

0  =  A'--0-iV  =  0  or  0  =  iV- 

N  =  0 

4 

N.O., 

6 

34 

7 

0      0 

0=N-N=0 

5 

N-iOi 

7 

40 

8 

0             0 
0=N-0-N=0 

6 

iVjOo 

8 

46 

9 

Impossible 

7 

N.O-: 

9 

52 

10 

Impossible 

Till-:  arr.\\('.i:mi:\t  oi-  icu-crkoxs  i\  atoms  and  MoLiiruLHs 
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llicrc  is  only  one  carbon  atom.  Therefore  the 
com]>oun<l  CHi  should  exist.  The  compound 
Cfh  is  obviously  impossible  since  for  tliis 
the  theory  j^'ives  />=  —  !.  For  ('2//:  the 
equation  jjives  />  =  .'}.  The  carbon  atoms 
must  therefore  have  three  pairs  of  electrons 
in  common.  If  we  represent  each  pair  by 
the  line  used  to  indicate  a  valence  bond  the 
carbon  atoms  are  rei)resenied  by  C^^C. 
There  is  no  question  as  to  where  the  hydrogen 
atoms  must  go.  It  is  impossible  to  have 
C^CHi  because  such  a  structure  would 
require  five  pairs  of  electrons  around  one 
carbon  atom.  The  formula  therefore  must 
be  HC^iCH.  In  a  similar  manner  we  arrive 
at  each  of  the  other  fonnulas.  The  only 
cases  where  the  pairs  of  electrons  can  be 
shared  between  the  octets  of  the  carbon 
atoms  in  more  than  one  way  are  the  cases 
where  isomers  should  exist  according  to  the 
ordinary  \-alence  theory.  Once  having  de- 
cided where  the  pairs  of  electrons  are  located, 
there  is  never  any  possibility  of  arranging 
the  hydrogen  atoms  in  any  other  than  one 
way.  The  theory  applies  exactly  as  well  to 
ring  compounds  as  to  chains. 

The  Equation  2  is  thus  a  complete  mathe- 
matical statement  of  the  valency  laws  for 
hydrocarbons. 

For  carbon-oxygen-hydrogen  compounds 
the  theory  works  out  in  about  the  same  way. 
All  the  structures  given  by  the  ordinary 
theory  can  be  found  by  the  octet  theory  and 
in  every  case  each  bond  corresponds  to  a 
pair  of  electrons.  An  illustration  of  a  com- 
pound of  this  type  vn\\  help  to  make  this 
clear. 

Acetic  Acid  C0//4O...  Here  w=4,  t'  =  2X4 
4-4-1-2X6  =  24;  whence  ^  =  4.  The  four 
pairs  of  electrons  may  be  distributed  in 
several  ways  such  as 

c=c-:;^.  c-o-c=o,  c-c^^, 

etc.*     These  correspond  to   the  compounds 
H2C=C^^2,  H^C-0-CH  =  0 


and  H,C-C 
the  last  one  being  acetic  acid. 


•  As  far  as  the  application  of  Equation  2  is  concerned  we 
might  also  arrange  the  pairs  of  electrons  thus  O  —C  =0  —C 
corresponding  to  a  compound,  O—  CH  =0  —CHi.  It  is  only  by- 
taking  into  account  the  fact,  to  be  discussed  later,  that  oxygen 
has  a  tendency  to  share  either  one  or  two  pairs  of  electrons  and 
only  rarely  shares  three  pairs,  that  we  can  predict  that  a  com- 
pound of  the  above  type  does  not  exist.  With  sulphur,  com- 
pounds of  this  general  type  frequently  do  exist. 

t  There  is  good  e\ndence  that  nitrous  oxide  has  the  structure 
N  =.V  =0  rather  than  that  shown  in  Fig.  5.  The  arrangement 
of  electrons  however  remains  the  same. 


Thus  if  we  ajiply  the  octet  theory  to  a 
comjjound  Cj/^Oj  we  find  the  sume  isomers 
that  we  would  be  led  to  by  the  ordinary 
valence  theory.  The  ordinary  valency  theory 
sometimes  indicates  the  possibility  of  com- 
jjounds  which  we  have  never  been  able  to 
jirepare  as  for  instance  C{OH)t.  For  organic 
comiiounds  the  octet  theory  will  be  no  better 
than  the  ordinan,-  valence  theorj-  in  thi.s 
respect — the  results  will  always  be  identical. 
But  we  shall  see  that  this  identity  disappears 
in  the  case  of  inorganic  compounds. 

Oxides  of  XHrogen.  There  is  hardly  a  case 
where  the  ordinary  valence  theory-  fails  so 
completely  as  when  it  is  applied  to  the  oxides 
of  nitrogen.  Let  us  try  to  deduce  from  the 
.octet  theory  what  oxides  of  nitrogen  might  be 
capable  of  existence  and  what  the  structure 
of  their  molecules  must  be.  In  the  first  place 
from  Equation  2  we  see  that  the  total  number 
of  available  electrons  in  the  molecule  must 
be  even.  Since  nitrogen  has  five  electrons  in 
its  shell  and  oxygen  has  six,  there  will  always 
be  an  odd  number  of  electrons,  unless  the 
number  of  nitrogen  atoms  is  even.  We  will 
therefore  apply  our  theory  to  investigate  the 
structure  of  the  series  of  oxides  represented 
by  X«Ox  as  given  in  Table  III. 

The  values  of  p  calculated  from  Equation'2 
are  given  in  the  fifth  column.  The  most 
probable  structiual  formulas  based  on  these 
values  of  p  are  given  in  the  last  column.     In 


,^=^=^ 


F,g.5. 

Diagram  of  Molecules  of  the  Oxides  of  Nitrogen 

these  formulas,  as  throughout  the  rest  of  this 
paper,  each  dash  represents  a  pair  of  electrons 
held  in  common  between  adjacent  atoms  just 
as  in  the  formulas  of  organic  compounds. 

When  .V  =  1  we  find  that  our  theon,-  indi- 
cates that  such  a  compound  has  the  formula 
-V  =  0  =  A'  or  A"  =  A*  =  0.  Because  of  its  sim- 
plicity and  symmetry  we  should  expect  such 
a  compound  to  exist.  The  actual  arrange- 
ment of  the  electrons  is  shown  diagrammati- 
cally  in  Fig.  b.\  According  to  the  octet  theor\- 
there  is  no  difficulty  at  all  in  explaining  the 
existence  and  properties  of  this  substance. 
Its  structure  is  exactly  Uke  that  of  carbon 
dioxide  (Fig.  3).  We  should  thus  expect  it 
to  be  a  gas  ha\-ing  about  the  same  boiling 
point  as  carbon  dioxide.  Its  oxidizing  proper- 
ties   at    high    temperatures    are  due     to  its 
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decomposition  into  oxygen  and  nitrogen  which 
is  made  an  irreversible  process  by  the  great 
and  unusual  stability  of  the  nitrogen  molecule. 
Let  us  proceed  with  the  other  oxides  of 
nitrogen.  When  x  =  2  (Table  III)  we  find 
that  a  possible  arrangement  is  0  =  N  —  N  =  0. 


Diagram  of  Molecules  of  the  Oxides  of  Nitrogen 

This  formula  is  identical  to  that  which  we  ob- 
tain by  the  ordinary  theory  if  nitrogen  is  taken 
as  tervalent.  The  fact  that  this  compound 
does  not  exist  as  a  gas,  but  presumably  disso- 
ciates into  NO  is  not  explained  by  the  octet 
theory  but  neither  is  it  by  the  ordinary  theory. 

According  to  the  octet  theory  N«Os 
may  have  at  least  three  different  structures 

0  =  N-0-N  =  0,  0-N  =  0  =  N-0  or 
0 
0=N-N=0 
whereas  by  the  ordinary  theory  with  terva- 
lent nitrogen  only  the  first  should  be  possible. 
In  view  of  the  ease  with  which  N2O3  breaks 
down  to  NO  and  NO2  and  by  comparison 
with  the  formula  for  A'202  which  breaks  down 
into  NO  it  seems  that  the  third  of  the  above 
formulas  is  the  most  probable  structure.  The 
deep  blue  color  of  liquid  A^2C3  indicates  the 
presence  of  very  loosely  held  electrons.  This 
suggests  tautomerism  between  the  first  and 
third  forms  as  shown  in  Fig.  6.  If  a  pair  of 
electrons  is  held  in  common  at  a  we  have  the 
third  formula  while  if  it  is  held  at  b  the  struc- 
ture is  as  given  by  the  first  formula.  This 
tautomerism  involves  the  shifting  of  two  elec- 
trons between  the  positions  a  and  b. 

The  structure  of  7V2O4  derived  by  the  octet 
theory  as  given  in  Table  III  is  as  shown  in 
Fig.  7.  By  comparing  this  with  Fig.  6  we 
see  that  the  extra  oxygen  atom  has  made  the 
molecule  incapable  of  tautomerism  like  that 
between  the  two  forms  of  /V2O3.  On  the  other 
hand,  the  molecule  still  tends  to  dissociate 
into  two  parts  (A''02)  as  shown  by  the  dotted 
line.  The  stability  of  the  electrons  in  A^2C'4 
causes  this  to  be  a  colorless  compound. 


The  octet  theory  also  explains  the  existence 
of  A^205  and  leads  to  the  structure  shown  in 
Fig.  8.  There  are  no  unstable  electrons  so 
this  compound  is  colorless.  It  tends  to  de- 
compose as  indicated  by  dotted  lines  into 
A^02  and  oxygen,  although  not  nearly  so 
readily  as  does  A''204. 

When  we  apply  the  octet  theory  to  the  case 
that  x  =  Q,  or  7  we  find  (see  Table  III)  that 
the  value  of  p  becomes  so  large  that  there  are 
not  enough  electrons  in  the  atoms  to  form  the 
pairs,  except  by  forming  chains  of  oxygen 
atoms  or  a  ring  structure.  Even  on  the  ordi- 
nary theory  we  could  account  for  any  num- 
bers of  oxygen  atoms  if  we  could  string  them 
out  in  chains  as  for  example 

0  =  N~0-0-N  =  0. 

We  see  that  such  a  structure  as 

O       0 

O  N  0  N  0 

0      0 

is  impossible   since   by  Table  III  we  would 

have    p  =  lO    and    this    would    require    more 
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electrons  in  the  shell  of  the  nitrogen  atom 
than  there  actually  are.  The  octet  theory 
thus  explains  without  difficulty  the  existence 
and  properties  of  A"20,  A'203,  N-iOi  and  XY2O5. 
although  the  ordinary  theory  fails  to  do  so. 


Tin:  .\ku.\.\c.i:Mi:.\'r  oi"  i:i.i;("rR()\s  i.\  atoms  .\.\n  moijccuijcs 


.I'.i'j 


Both  theories  fail  to  cxphiin  tlic  uxistenci-  of 
NO  and  A'0».  Wc  shall  sue,  however,  that 
these  compounds  may  he  exi)laine(l  by  a  modi- 
fication of  the  octet  which  we  shall  consider 
later. 

XitrojiCH  Acids.  The  structures  of  the 
three  acids  HXO,  HXOi  and  HXOj  are  given 
by  the  octet  theory  without  the  necessity 
of  assuminj:;  variable  valence.  Thus  for 
HXO,  «  =  2,  e=l'2  and  p  =  '2.  This  {^ves  a 
structure  represented  by  HX  =  0  or  HO  =  X 
and  shown  in  Fig.  0.  In  a  similar  way  we 
obtain  the  structures  for  //A'(\.  and  HXOit  as 
given  in  Fig.  9.     It  should  be  noted  that  the 

I 
group  0  =  A'  — (^  which  occurs  in  HXO3  is  the 
same  as  in  the  fomiulas  for  A'-..t).i,  X-^O^  and 
XiOi.  The  group  0  =  X-0-  in  HXO-:  was 
pre\-iousIv  found  in  the  b  form  of  A'oO.i  shown 
in  Fig.  G.'  We  see  that  although  HXO.  HXOi. 
HXO3  can  exist,  HXO^  cannot  exist,  for  in 
this  last  case  />  =  .">  which  would  require  ten 
electrons  around  the  nitrogen  kernel. 

Xitrogen-Hydrogcn  Compounds.  The  octet 
theory  indicates  that  XHz  and  HnX  —  XH-;, 
should  exist  and  have  the  properties  they  do. 
The  compounds  XH,  XH^,  XH4  and  XH-^ 
cannot  exist  since  in  these  cases  we  find 
p  =  l,  /^.  —  li  and— 1  respectively,  whereas 
p  must  be  equal  to  zero  for  a  single  octet. 
The  theory  thus  automatically  shows  the 
radical  difference  between  the  number  of 
oxygen  and  hydrogen  compounds  that  may 
be  formed. 

For  the  ammonium  ion  NH4^  we  find 
n=l,  e  =  S.  p  =  o.  The  structure  of  this  ion 
is  thus  exactly  like  that  of  the  methane 
molecule.  The  positive  charge  is  the  cause 
of  its  resemblance  to  the  potassium  ion. 

Hydronitric  acid,  HX3.  gives  k  =  3;  e=l6 
and  therefore  p  =  i.  This  leads  to  the  for- 
mula HX  =  X  =  X  as  the  most  probable 
structure. 

Peroxides.  In  the  oxides  of  nitrogen  and  in 
the  nitrogen  acids  we  have  seen  how  oxygen 
atoms  can  attach  themselves  to  any  octet 
in  which  two  or  more  of  the  electrons  are  not 
already  held  as  stable  pairs.  Thus  in  Fig.  9, 
HXOz  is  obtained  merely  by  adding  an 
oxygen  atom  to  the  only  remaining  free  pair 
of  electrons  belonging  to  the  nitrogen  atom 
of  HNOi.  Since  oxygen  atoms  have  six 
electrons,  they  can  form  an  octet  by  sharing 
two  electrons  with  some  atom  which  already 
has  an  octet.  In  the  case  of  the  nitrogen  acids 
this  process  could  go  on  until  all  of  the  elec- 
trons of  the  nitrogen  octet  were  shared  with 
oxygen  atoms.     This  is  quite  analogous  to 


the  ad<lilion  in  organic  molecules,  of  CHt 
groups  which  also  have  six  available  elec- 
trons. 

We  shall  see  that  oxygen  atoms  can  thus 
add  themselves  not  only  to  nitrogen  atoms 
but  to  chlorine,  bromine,  iodine,  jjhosphorus, 


y      / 
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sulphur,  and  other  atoms.  They  can  also  add 
themselves  to  some  extent  to  each  other. 
Thus  if  we  apply  the  octet  theory  to  hydrogen 
peroxide,  we  find  p=l.  This  leads  either  to 
the  structure  HO  — OH,  or  equally  well  to 
the  structure  H«0~0  as  shown  in  Fig.  10. 

As  a  matter  of  fact,  the  hydrogen  nuclei 
are  probably  very  mobile  and  readily 
shift  from  one  pair  of  electrons  in  an  octet 
to  another.  It  may  well  be  that  the  ease 
vAth  which  this  shift  occurs  is  the  cause  of 
the  high  dielectric  constant  of  such  sub- 
stances as  H2O,  XHz,  etc.  Such  an  effect 
does  not  exist  in  the  case  of  the  hydrogen  in 
hydrocarbons,  for  all  the  electrons  in  the 
carbon  octets  are  held  as  stable  pairs  so  that 
the  hydrogen  nuclei  cannot  shift  positions. 
The  structure  given  in  Fig.  10b  for  HzOt 
agrees  well  with  most  of  its  properties. 
According  to  the  ordinary  theory  this  struc- 
ture implies  a  quadrivalent  oxygen  atom. 
But  the  octet  theory  requires  nothing  at  all 
unusual  in  the  properties  of  the  oxygen  atom. 

In  a  similar  way  for  ozone  we  find  p  =  'i 
which  leads  to  the  formula  0  =  0  —  0  as 
shown  in  Fig.  11a.    For  the  oxvgen  molecule. 
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however,  we  find  p  =  2  so  the  structure  is 
0  =  0  as  shown  in  Fig.  lib.  This  structure 
for  ozone  brings  out  its  relationship  to  the 
peroxides  much  better  than  the  ring  structure 
suggested  by  the  ordinary  valence  theory. 
The  structure  and  sjrmmetry  of  the  oxygen 
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molecule  account  for  its  stability  and  the  low 
boiling  point  of  liquid  oxygen. 

The  Structure  of  the  Nitrogen  Molecule 

The  properties  of  elementary  nitrogen  are 
in  many  ways  extraordinary.  The  contrast 
between  the  properties  of  carbon  and  nitrogen, 
elements  adjacent  to  each  other  in  the  Periodic 
Table,  could  hardly  be  more  striking.  Carbon 
does  not  melt  even  at  3700  deg.  C,  while 
nitrogen  has  a  lower  boiling  point  than  any 
substance  except  hydrogen,  helium  and  neon. 
Nitrogen,  although  many  compounds  with 
oxygen  exist,  combines  with  oxygen  only  at 
exceedingly  high  temperatures  and  even 
then  only  to  a  small  degree.  Carbon,  not- 
withstanding the  great  affinity  of  its  atoms 
for  each  other  as  shown  by  its  low  vapor 
pressure,  combines  readily  with  oxygen  at 
moderate  temperatures.  Even  at  the  tem- 
perature of  melting  tungsten  (about  3600 
deg.  K.)  there  is  evidence  that  nitrogen  is 
not  appreciably  dissociated  into  atoms.* 

This  stability-  of  the  nitrogen  molecule, 
which  is  so  much  greater  than  that  of  a  com- 
pound such  as  carbon  dioxide,  must  be  due  to 
some  unusual  kind  of  structure. 

If  we  apply  the  octet  theory  to  the  nitrogen 
molecule  by  placing  n  =  2\e=lO  we  find  ^  =  3. 

*Langmuir,  Jour.  Amer.  Chem.  Soc,  Si.  S76  (1912). 


We  are  thus  led  to  the  formula  N^N  for 
the  nitrogen  molecule.  Now  in  acetylene 
we  have  an  illustration  of  two  atoms  holding 
three  pairs  of  electrons  in  common.  Such  a 
substance  is  endothermic,  forms  addition 
products  easily,  and  even  by  itself  is  relatively 
unstable.  A  structure  of  this  kind  could 
not  possibly  account  for  the  properties  of 
nitrogen. 

In  its  boiling  point  and  in  fact  in  most  of 
its  properties  elementary  nitrogen  resembles 
argon.  The  boiling  points  of  gases  on  the 
absolute  scale  being  approximately  propor- 
tional to  the  molecular  heats  of  evaporation, 
serve  as  a  measure  of  the  external  field  of 
force  of  the  molecules.  By  examination  of  a 
large  number  of  organic  compounds  it  appears 
that  the  freezing  point  is  dependent  to  a 
marked  degree  on  the  symmetry  of  the 
molecule — the  more  symmetrical  the  mole- 
cule, the  higher  is  the  freezing  point.  The 
following  table  gives  the  freezing  points  and 
boiling  points  of  oxygen,  nitrogen  and  argon 
on  the  absolute  scale. 


Freezing  point  , 
Boiling  point  .  , 
Difference 


38°  K. 

90 

52 


Judging  from  these  boiling  points  the 
nitrogen  molecule  must  have  a  weaker  ex- 
ternal field  of  force  than  either  that  of  oxygen 
or  argon.  The  dift'erences  between  the  freez- 
ing points  and  boiling  points  indicate  that  the 
nitrogen  molecule  is  very  much  more  syra- 
metrical  than  that  of  oxygen  and  approaches 


Fi'^.  12. 
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that  of  argon.  The  outside  layer  of  electrons 
in  the  argon  atom  consists  of  a  single  octet. 
The  evidence  given  above  suggests  that  the 
nitrogen  molecule,  also  has  an  outer  shell 
consisting  of  a  single  octet.  Is  such  an 
arrangement  possible  ? 
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The  two  iiitrofjcn  atoms  in  a  molecule  have 
a  total  of  14  electrons.  We  may  assume  that 
each  nucleus  hinds  two  electrons  to  form  a 
stable  pair  according  to  Postulate  9.  The  two 
nitrogen  kernels  each  with  five  positive 
charges,  arc  then  surrounded  by  a  total  of 
ten  electrons.  There  arc  thus  two  electrons 
more  than  are  ncH.'ded  to  form  the  octet.  In 
view  of  the  stability  of  the  octet  (Postulate  10) 
and  the  relatively  large  charges  on  the  two 
kernels,  it  seems  reasonable  that  the  pair  of 
extra  electrons  should  be  imprisoned  \\4thin 
the  octet  and  be  held  by  the  two  nitrogen 
kernels  (Postulate  9d)  as  shown  in  Fig.  12. 

Structures  of  this  kind  are  not  usual  but 
it  is  e\-ident  that  in  this  case  there  are  a 
number  of  exceptional  factors  operating  to 
bring  about  just  this  result.  The  original 
nitrogen  atoms  are  thoroughly  unsaturated 
and  verv  unsvmmetrical  and  thus  have  large 


l>roblem.  According  to  the  ordinary  valence 
tlieory,  carbon  in  this  compound  must  be 
divalent,  and  hence  should  be  very  much 
unsaturated.  Yet  carbon  monoxide  is  a 
relatively  inert  substance.  Its  vcr>'  low  boil- 
ing point  i)roves  that  its  molecules  have  very 
little  external  field  of  force.  Its  small 
solubility  in  water,  and  the  difficulty  of 
finding  chemical  substances  which  combine 
with  it  at  room  temperature,  do  not  fit  in 
well  with  the  theory  of  the  divalent  carbon 
atom,  for  such  an  atom  should  show  much 
more  active  properties — logically  its  properties 
should  resemble  those  of  atomic  hydrogen. 
As  a  matter  of  fact  carbon  monoxide 
resembles  nitrogen  to  an  extraordinar>-  degree, 
as  shown  by  Table  IV  which  indicates  that 
the  physical  properties  of  these  two  gases  are 
identical  almost  within  the  probable  limits  of 
experimental  error. 


TABLE  IV 
PHYSICAL  PROPERTIES  OF  GASES 


Freezing  point  °K 

Boiling  point  °K 

Critical  temp.  °K 

Critical  pressure  Atm '. .  . 

Critical  volume 

Solubility  in  water,  0°C.  (%) 

Densitv  of  liquid  at  boiling  point . 
Viscosity  »( X  lOs  at  0°  C 


66 
83 
122 
35 
5.05 
3.5 
0.793 
163 


63 
78 
127 
33 
5.17 
2.4 
0.796 
166 


85 

87 
156 

53 
4.04 
5.8 

2i6'' 


38 

90 
155 

50 
4.26 
4.9 

187" 


106 

120 

180 
71 
3.5 
7.4 

i65" 


external  fields  of  force.  The  number  of 
electrons  (5)  in  each  shell  is  such  that  tw^o 
atoms  cannot  form  a  molecule  by  forming 
two  octets  unless  three  pairs  are  held  in 
common,  something  which,  seldom  occurs 
■R-ith  nitrogen  atoms.  Three  nitrogen  atoms 
cannot  combine  to  form  a  single  molecule 
for  this  would  give  an  odd  nimiber  of  elec- 
trons. Finally  it  so  happens  that  there  are 
only  two  electrons  too  man\-  to  form  a  com- 
plete single  octet,  and  that  there  are  tw^o 
kernels  of  small  voliune  but  with  large  posi- 
tive charges,  to  bind  this  extra  pair. 

This  structure  of  the  nitrogen  molecule 
explains  in  a  perfectly  satisfactory  way  all 
the  remarkable  properties  of  elementary 
nitrogen  pre\-iously  mentioned.  The  high 
heat  of  formation  of  nitrogen  molecules  from 
the  atoms  accounts  for  the  great  number  of 
endothermic  and  explosi\-e  nitrogen  com- 
pounds. It  is  also  e\"ident  why  elementary 
nitrogen  is  so  unusually  inert,  while  in  its 
compounds  it  is  one  of  the  most  active  of  the 
elements. 

Carbon  Monoxide.  The  structure  of  the 
molecule  of  this  gas  has  long  been  a  puzzling 


This  e\-idence  alone  should  be  sufficient  to 
prove  that  the  structure  of  the  shell  of  the 
carbon  monoxide  and  the  nitrogen  molecule 
must  be  nearly  identical. 

However,  the  case  is  stiU  stronger  when  we 
consider  that  the  total  number  of  electrons 
in  the  molecule  is  the  same  in  both  gases. 
Thus  in  one  case  we  have  two  nitrogen  atoms 
with  seven  electrons  each,  while  in  the  other 
we  have  carbon  with  six,  and  oxygen  with 
eight.  E\-idently  the  reasons  which  led  us 
to  assimie  that  the  nitrogen  molecule  has  an 
outside  shell  consisting  of  a  single  octet  apply 
^\-ith  the  same  force  to  the  carbon  monoxide 
molecule. 

In  the  carbon  monoxide  molecule  there  is 
then  an  imprisoned  pair  of  electrons  within 
the  octet  held  as  a  stable  pair  by  the  carbon 
and  the  oxygen  kernels  ha^•ing  charges  of 
four  and  six  respectively. 

This  theory  explains  wh}-  nitrogen  and 
carbon  monoxide  are  alike  in  all  properties 
in  which  a  separation  of  the  kernels  is  not 
involved.  The  fact  that  the  two  kernels  in 
carbon  monoxide  have  unequal  charges  makes 
it   much  easier  for  this   structure  to  break 
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down.  Thus  while  nitrogen  shows  no  signs 
of  dissociating  at  temperature  of  a  couple  of 
thousands  of  degrees,  carbon  monoxide  enters 
into  a  few  reactions  even  at  room  temperature 
and  many  reactions  at  temperature  of  a  few 
hundreds  of  degrees.  Its  reaction  velocity  is, 
however,  usually  very  slow  indicating  that 
only  a  small  fraction  of  the  molecules  is  in  a 
form  in  which  the  kernels  can  be  separated. 

Once  the  kernels  have  been  separated  the 
carbon  monoxide  behaves  like  a  very  much 
unsaturated  body.  It  seems  probable  that 
at  higher  temperatures,  the  carbon  monoxide 
exists  in  two  tautomeric  forms — one  in  which 
the  outer  shell  is  a  single  octet,  and  the  second 
in  which  there  are  two  octets.  According  to  the 
octet  theory  the  formula  of  this  second  form 
would  be  C"=0.  This  would  immediately 
react  with  oxygen  to  form  0  =  C  =  0. 

Nitric  Oxide.  Lewis  has  pointed  out  that 
among  the  compounds  of  the  first  20  elements 
there  are  only  about  a  half  dozen  cases  in 
which  there  is  an  odd  number  of  electrons  in  a 
molecule.  With  the  exception  of  nitric  oxide, 
these  are  all  substances  which  by  their  color 
or  their  intense  chemical  activity  act  as  though 
they  might  have  a  free  electron  either  in  the 
outside  shell  or  close  to  it.  Nitric  oxide,  how- 
ever, is  colorless  and  very  stable  even  at  high 
temperatures.  Although  it  reacts  with  oxygen 
to  form  NOi,  this  reaction  takes  place  rather 
slowly,  so  that  the  claim  can  hardly  be  made 
that  the  substance  has  remarkable  chemical 
activity.  Compared  to  the  other  oxides  of 
nitrogen  it  is  characterized  by  its  very  low 
boiling  point. 

The  molecule  of  this  substance  contains  15 
electrons — just  one  more  than  the  molecules 
of  nitrogen  or  carbon  monoxide.  It  seems 
most  probable  that  it  has  a  similar  structure 
and  that  the  extra  electron  is  imprisoned 
within  the  octet  comprising  the  shell.  This 
process  seems  more  probable  when  we  re- 
member that  the  two  kernels  of  the  NO 
molecule  have  a  total  of  eleven  positive 
charges  as  compared  to  the  ten  in  the  nitrogen 
and  CO  molecule.  With  this  structure  the 
odd  electron  is  so  placed  that  it  does  not 
produce  the  effects  usually  characteristic  of 
an  odd  electron.  It  is  of  interest  in  this 
connection  that  nitric  oxide  is  remarkably 
paramagnetic.  This  is  undoubtedly  depen- 
dent in  some  way  on  this  internal  odd  electron. 

According  to  the  last  column  of  Table  IV, 
the  properties  of  nitric  oxide  differ  very 
appreciably  from  those  of  nitrogen  and 
carbon  monoxide,  but  not  more  so  than  we 
should  expect  from  the  presence  of  an  extra 
electron  within  the  shell.    All  the  differences 


in  properties  shown  in  this  table  indicate 
that  the  odd  electron  increases  the  external 
field  of  the  atom.  The  greater  chemical 
activity  as  compared  to  A^2  and  CO  is  also  due 
to  the  same  cause. 

Hydrocyanic  Acid.  There  has  been  much 
discussion  as  to  the  constitution  of  this 
compound.  It  is  generally  agreed ^  I  think, 
at  present  that  it  has  a  divalent  carbon  atom 
like  that  in  carbon  monoxide  and  is  repre- 
sented by  the  formula  H  —  N  =  C. 

The  total  number  of  electrons  in  this 
molecule  is  14 — the  same  as  in  the  nitrogen 
and  carbon  monoxide  molecules.  This  fact 
together  with  its  resemblances  to  carbon 
monoxide  suggest  that  here  again  we  have  an 
imprisoned  pair  of  electrons  within  an  out- 
side shell  consisting  of  an  octet.  The  total 
charges  on  the  kernels  of  nitrogen  and  carbon 
is  nine  instead  of  ten  as  in  the  A'^2  and  CO 
molecule.  This  somewhat  decreases  the 
stability  and  at  the  same  time  gives  a  negative 
charge  to  the  whole  CN  radical  so  that  it 
must  combine  with  a  hydrogen  nucleus,  or 
form  a  negative  ion.  Two  such  ions  can 
combine  by  sharing  a  pair  of  electrons — 
thus  releasing  the  electrons  and  leaving 
the  uncharged  cyanogen  molecule  (CAO2. 
It  is  well  known  that  cyanogen  has  a  very 
close  resemblance  to  chlorine  in  many  ways. 
Thus  chlorides  and  cyanides  are  often  iso- 
morphous;  silver  chloride  and  cyanide  have 
similar  solubilities,  etc.  The  theory  of  the 
constitution  given  above  indicates  that  this 
resemblance  is  not  accidental  nor  is  it  merely 
due  to  the  fact  that  both  ions  are  uni- 
valent. It  depends  on  the  fact  that  both  the 
cyanogen  ion  and  the  chlorine  ion  have  out- 
side shells  that  consist  of  single  octets.  The 
relation  between  these  two  ions  is  like  that 
between  elementary  nitrogen  and  argon. 

It  seems  that  these  four  substances,  nitro- 
gen, carbon  monoxide,  nitric  oxide,  and 
cyanogen  are  the  only  ones  in  which  this 
double  kernel  within  a  single   octet  is   pos- 


F,g.  13 

Diagram  of  the  Fl 


sible.  That  this  is  so  is  also  suggested  by 
the  symmetrical  way  in  which  CO,  N^O  and 
CN  are  related  to  N2,  the  element  which  lies 
just  between  C  and  0  in  the  Periodic  Table. 
With  the  exception  of  these  four  substances 
having    a    special    structure    and    such    an 
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obviously  unsaUiratcd  compDiiiid  as  X(>->  \\v 
have  found  thai  all  the  ordinary  compounds 
of  cariion,  hyilro^^on,  niln)K<-'ii  ;i'id  oxyjjen  lit 
in  well  with  tlio  simple  oi-lel  throry.  This 
theory  acconiijlished  oxac-lh'  what  we  staled 
the  ideal  theory  of  atomic  structure  should 
do — namely,  it  leads  automatically  to  a 
valence  theory  for  carbon-hydroKeii-oxyjjen 
compoimds  which  is  identical  with  that  in 
common  use.  while  at  the  same  time  it  indi- 
cates thai  this  ordinary  \alence  theory  is 
inapplicable  to  nitroRen-oxyjJien  compounds. 
The  octet  theory  on  the  other  hand  applies 
equally  well  to  nitrogen-oxygen  compounds 
as  to  organic  compounds.  In  all  cases  it  leads 
to  more  definite  conceptions  of  the  structure 
of  molecules  and  compounds  and  explains 
their  chemical  and  so-called  physical  prop- 
erties very  much  more  com])Ietely  than  the 
older  valence  theory  was  ever  able  to  do. 

Let  us  now  continue  with  a  consideration 
of  the  properties  of  the  elements  and  their 
compounds. 

Fluorine  X  =  9;  E  =  7. — The  fluorine  atom 
has  seven  electrons  in  its  shell.  Its  proper- 
ties are  therefore  largely  determined  by  the 
tendency  to  take  up  an  additional  electron 
to  complete  the  octet.  In  the  elementary 
state  two  atoms  combine  to  form  a  mole- 
cule because  by  so  doing  each  atom  can 
complete  its  octet.  Thus  if  the  molecule  is 
F2  we  have  ;(=2;  e=14,  whence  p=l.  By 
sharing  a  single  pair  as  shown  in  Fig.  13,  both 
octets  are  completed. 

The  very  low  boiling  point  of  fluorine 
indicates  that  the  stray  field  around  this 
molecule  is  small.  On  the  other  hand,  the 
remarkable  chemical  actix-ity  shows  that 
there  is  a  strong  tendency  for  these  atoms  to 
avoid  sharing  their  electrons  with  each  other. 
Thus  when  lithium  and  fluorine  are  brought 
together,  the  extra  electrons  from  the  lithiimi 
atoms  are  taken  up  by  the  fluorine  atoms 
and  each  atom  is  able  to  get  its  own  octet 
instead  of  being  compelled  to  share  it  with 
another  atom.  The  very  large  heat  of  for- 
mation of  lithium  fluoride  (about  110,000 
calories  per  gram  molecule)  must  be,  in 
greater  part,  the  heat  equivalent  to  the 
difiference  between  a  free  octet  and  one  which 
shares  two  of  its  electrons.  The  energy 
liberated  when  an  atom  of  fluorine,  with  its 
seven  electrons  in  the  shell,  takes  up  another 
electron  would  be  greater  than  the  above 
by  the  energy  required  to  dissociate  fluorine 
into  atoms — a  quantity  which  has  never  been 
determined  but  which  must  be  very  large. 

The  question  arises,  why  do  atoms  share 
their  electrons  with  each  other,  if  there  is 


such  a  tendency  for  the  octets  to  stay  separate. 
The  answer,  of  course,  is  that  there  are  not 
enough  electrcjns  in  the  outside  shells  of  atoms 
to  form  octets  around  their  kernels  unless 
they  share  them  with  each  other.  I'-urther- 
more,  most  atoms  if  they  comjileted  their 
octets,  without  sharing  electrons  would  have 
very  high  charges  on  their  atoms  which  would 
tend  to  jjrevent  their  formation. 

Hydrofluoric  Acid  ///•".  The  electrons  from 
the  hydrogen  allow  the  fluorine  atoms  to  have 
sejjarate  octets.  The  hydrogen  nucleus  is 
then  held  by  a  pair  of  the  electrons  forming 
the  octet.  The  large  heat  of  formation  of 
hydrofluoric  acid  gas  (.'jS.OOO  calories)  not- 
withstanding the  fact  that  hydrogen  atoms 
have  to  dissociate  during  the  process,  indicates 
that  with  fluorine  there  is  little  tendency  to 
avoid  sharing  one  of  the  pairs  of  the  octet  with 
a  hydrogen  nucleus.  This  is  another  illustra- 
tion of  the  fact  brought  out  in  Postulate  9 
that  the  tendency  to  form  a  stable  pair 
between  a  kernel  and  a  hydrogen  nucleus 
(Case  c)  is  much  greater  than  the  tendency 
to  form  a  pair  between  two  kernels  (Case  d). 

The  molecule  of  hydrofluoric  acid  from  its 
structure  should  have  a  small  stray  field. 
Most  of  its  surface  is  like  that  of  a  neon  atom 
and  the  part  where  the  hydrogen  nucleus  is 
resembles  that  of  a  hydrogen  molecule. 
However,  the  lack  of  s\-mmetr\'  should 
increase  the  stray  field  much  above  that  of 
either  neon  or  hydrogen.  We  should  thus 
expect  HF  to  be  a  gas  or  liquid  not  greatly 
different  from  water  in  its  boiling  point.  As  a 
liquid  it  should  be  a  non-conductor,  but 
because  of  its  polar  character,  it  forms  an 
electrohiie  when  dissolved  in  water.  That  it 
forms  a  rather  weak  acid  in  water  solution  is, 
I  think,  due  to  the  small  volume  of  the 
fluorine  atom  which  greatly  increases  the 
electric  force  tending  to  prevent  dissociation. 
The  whole  question  of  the  effect  of  atomic 
volumes  on  the  properties  of  the  atoms  will 
be  discussed  in  another  place. 

Lithium  Fluoride  LiF.  This  consists  of 
positively  charged  lithium  kernels  and  nega- 
tively charged  fluorine  atoms.  It  is,  therefore, 
a  solid  salt,  which  conducts  electroh-ticaUy 
when  molten. 

Carbon  Tetrafluoride  CFi.  By  apphing  the 
octet  theory  taking  «  =  .5.  e  =  32 ;  we  find  p  =  i. 
Or  we  can  take  «=4  and  get  p  =  o.  In  the 
first  case  the  carbon  atom  shares  its  electrons 
with  four  fluorine  atoms,  while  in  the  second 
it  gi^"es  up  four  electrons  to  the  fluorine 
atoms,  these  fluorine  ions  being  then  held  by 
electrostatic  forces  to  the  positively  charged 
carbon  kernels.    In  general  the  first  structure 
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would  be  much  more  probable  but  in  view 
of  the  exceptional  properties  of  fluorine  and 
the  difficulty  with  which  it  shares  electrons 
it  may  well  be  that  the  second  structure 
appHes  to  this  case. 

Nitrogen  or  oxygen  alone  does  not  form  any 
compounds  with  fluorine.  Together  they 
form  NOnF  and  NOF,  both  gases  resembling 
fluorine  in  their  chemical  activity.  This  fact 
is  very  interesting  for  NOo  and  NO  are 
remarkable  in  that  they  both  exist  separately 
but  have  an  odd  number  of  electrons.  The 
fluorine  atom  which  has  an  abnormally  large 
affinity  for  an  electron  takes  the  odd  electron 
from  these  substances  even  though  it  is 
incapable  of  combining  with  oxygen  or 
nitrogen  in  any  other  form. 

The  reasons  that  fluorine  does  not  form 
compounds  with  nitrogen,  oxygen  or  chlorine 
seem  to  be  as  follows : 

Helium  and  neon  have  the  most  stable 
atoms  of  any  of  the  elements.  More  energy 
must  be  expended  to  remove  an  electron  from 
these  atoms  than  from  any  of  the  others. 
The  elements  hydrogen  and  fluorine  which 
differ  from  helium  and  neon  in  having  one 
electron  less  should  be  expected  to  have  the 
strongest  tendencies  to  take  up  electrons. 
However,  this  argument  needs  a  radical 
modification  in  the  case  of  the  hydrogen  atom 
for  the  change  on  this  nucleus  is  only  half 
that  on  the  helium  nucleus.  The  tendency 
for  the  hydrogen  atom  to  take  up  an  electron 
will  therefore  be  very  much  less  than  that 
of  the  helium  atom  to  hold  its  electrons.  In 
the  case  of  fluorine  and  neon  this  effect  is 
not  so  serious  for  the  charge  on  the  fluorine 
kernel  is  seven  eighths  of  that  on  the  neon 
kernel. 

There  is  another  factor,  moreover,  which 
largely  eliminates  the  electronegative  char- 
acter of  hydrogen,  namely,  that  the  stable 
pair  of  electrons  held  by  the  hydrogen  nucleus 
can  at  the  same  time  form  part  of  an  octet. 
For  example,  consider  what  must  happen  if  we 
bring  together  a  hydrogen  atom  and  a 
fluorine  atom.  Let  us  suppose  for  a  moment 
that  the  hydrogen  atom  has  such  a  great 
affinity  for  an  electron  that  it  takes  an  elec- 
tron from  the  fluorine,  leaving  this  with  only 
six  electrons.  The  positively  charged  fluorine 
then  attracts  the  negatively  charged  hydro- 
gen, and,  since  the  stable  pair  can  at  the  same 
time  form  part  of  an  octet,  the  fluorine  is 
then  able  to  bind  the  hydrogen  nucleus 
together  with  its  pair.  For  this  reason  the 
tendency  of  the  hydrogen  nucleus  to  take  up 
electrons  does  not  interfere  with  other  electro- 
negative elements  from  getting  theirs.    Hydro- 


gen therefore  can  hardly  be  classed  as  an 
electronegative  element. 

According  to  our  theory,  therefore,  fluorine 
should  be  the  most  strongly  electronegative 
element,  while  for  similar  reasons  chlorine 
and  oxygen  should  come  next. 

Fluorine  in  the  free  state,  F2,  already  has 
enough  electrons  to  form  an  octet  about 
each  atom.  The  atoms  strive,  however,  to 
get  a  structure  exactly  like  that  of  neon,  that 
is,  one  in  which  each  atom  has  eight  electrons 
of  its  own.  This  means  that  fluorine  has 
comparatively  little  tendency  to  combine 
with  other  elements  except  insofar  as  it  can 
acquire  its  electrons  outright.  That  is,  it  has 
a  strong  tendency  to  take  electrons  from  other 
atoms  instead  of  sharing  them  with  other 
atoms.  Now  oxygen,  nitrogen,  and  chlorine, 
as  elements  as  well  as  in  their  compounds, 
always  have  octets  around  their  kernels. 
The  fluorine  molecule,  therefore,  in  order 
to  take  electrons  from  these  electronegative 
elements,  must  break  down  these  stable 
octets.  Undoubtedly  atomic  fluorine  would 
be  able  to  do  so,  but  it  is  natural  enough  that 
molecular  fluorine  which  already  has  an  octet 
for  each  atom  (although  shared)  should  not 
be  able  to  accomplish  this.  On  the  other 
hand,  elements  like  boron,  silicon,  phosphorus, 
and  sulphur  form  some  compounds  in  which 
their  atoms  do  not  contain  octets,  but  hold  the 
surrounding  atoms  by  means  of  their  charge. 
The  charge  on  the  kernels  of  these  ele- 
ments is  not  so  great  but  that  fluorine  can 
take  their  electrons.  It  is  true  that  the 
fluorine  compounds  of  carbon  and  silicon  and 
a  few  compounds  with  other  elements  do 
seem  to  involve  a  sharing  of  electrons  between 
the  fluorine  atom  and  that  of  the  other 
elements,  but  it  is  probable  that  it  is  easier 
to  share  electrons  with  atoms  ha\dng  small 
charges  on  their  kernels  than  with  those  hav- 
ing large  charges. 

The  fact  that  fluorine  prefers  to  share 
electrons  with  its  own  atoms  rather  than  with 
those  of  any  except  more  electropositive 
elements  such  as  carbon,  phosphorus,  etc., 
is  probably  due  mainly  to  the  greater 
symmetry  of  the  molecule  formed  in  this 
way. 

Neon.  The  atoms  of  this  element  already 
having  complete  and  separate  octets  have  no 
tendency  to  take  up  or  give  up  electrons  nor 
to  share  them  with  other  atoms.  Neon  thus 
forms  no  primary  valence  compounds.  How- 
ever, there  is  a  stray  field  of  force  around  the 
atoms  and  this  accountsfor  the  liquefaction  and 
solidification  of  the  gas  at  low  temperatures. 

(To  be  Conthtuei) 
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The  General  Electric  Company  in  the 
Great  World  War 

PART  II.     RESEARCH  WORK 

By  John  R.  IIkwktt 
Editor  GENiiRAi.  liLiiciKic  RiiViiiW 

In  our  last  issue  we  told  of  some  of  the  Company's  war  activities  other  than  research  and  manufacture. 
In  this  issue  we  deal  with  some  of  their  research  work.  It  is  no  exaggeration  to  state  that  many  volumes 
might  be  written  on  most  of  the  subjects  mentioned,  this  being  specially  true  in  the  case  of  the  X-ray  develop- 
ments and  submarine  detection.  However  incomplete  this  story  may  be,  it  is  hoped  that  it  will  show  our 
readers  the  general  nature  of  the  Company's  war  work. — Editor. 

years  is  lod  long  to  wrile,  I>ul  those  in  any  way 
familiar  with  its  work  know  what  rich  fruit  it 
has  borne  in  converting;  the  resources  of 
nature  to  the  useful  service  of  man. 

At  times  the  investigations  carried  out  by 
some  of  the  prominent  members  of  the 
research  staff  have  seemed  to  be  of  a 
ptirely  academic  nature.  When  Dr.  Lang- 
muir  started  his  earnest  investigations  of  a 
certain  phenomenon,  which  sometimes 
appears  in  incandescent  lamps,  commonly 
called  the  Edison  effect,  which  none  under- 


Thore  is  a  great  deal  of  romance  in  the 
research  work  of  the  General  Electric  Com- 
pany which  has  always  apj^caled  to  tlic 
\\Titer,  who  has  always  seen  in  that  broad 
minded  policy  which  built  up  the  Company's 
research  facilities  the  spirit  which  has  raised 
the  whole  organization  above  the  level  of  a 
mere  money-making  concern  to  be  a  real 
national  asset,  indeed,  an  asset  to  the  world 
at  large. 

The  history  of  the  research  laboratory's 
share  in  the  scientific  developments  of  recent 


Research  Laboratory  at  Schenectady  which  was  Devoting  Its  Entire  Energies  to  War  Work 
^  of  the  Armistice.     A  brief  account  of  some  of  this  work  is  given  in  this  issue 
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stood,  his  work  might  have  been  considered 
purely  academic,  but  it  led  to  the  discover- 
ies of  some  totally  new  principles  governing 
electrical  discharges  in  high  vacua.  He 
incidentally  learned  to  produce  a  higher 
degree  of  vaccum  than  had  ever  been  produced 
before. 

This  purely  academic  research  had  far 
reaching  results  and  among  them  were  some 
that  helped  to  win  the  war.  One  result  was 
that  it  laid  the  foundation  for  the  Coolidge 
X-ray  tube,  as  Dr.  Coolidge  started  with  the 
new  principles  discovered  by  Langmuir,  and 
produced  a  radically  new  X-ray  tube,  far 
more  effective,  more  powerful  and  more 
reliable  than  any  tube  in  existence.  There  is 
no  question  but  that  the  modern,  practical, 
long  distance,  wireless  telephone  owes  much 
of  its  development  to  this  same  research.  The 
value  of  a  well  organized  research  laboratory 
and  of  its  staff  is  high  in  times  of  peace,  and  it 
is  still  higher  in  times  of  war. 

The  Research  Laboratory  at  Schenectady 
employs  about  250  people.  About  one  quarter 
of  these  are  highly  trained  physicists,  chemists 
metallurgists  and  engineers,  and  among  these 
are  some  men  in  the  very  first  ranks  of 
science  and  of  international  reputation.  The 
equipment  is  so  large  and  of  such  a  variety, 
and  the  experience  of  the  staff  so  varied  that 
the  whole  organization  was  a  peculiarly 
valuable  asset  in  prosecuting  war  work. 

In  the  great  Research  Laboratory  at 
Schenectady  are  to  be  found  furnaces  which 
can  produce  far  higher  temperatures  than  anj' 
other  of  their  kind  in  existence,  and  then  going 
to  the  other  end  of  the  temperature  scale, 
there  are  daily  produced  several  gallons  of 
liquid  air.  It  is  here  that  they  can  produce 
and  measure  a  higher  vacuum  than  others 
knew  how  to  obtain,  and  it  was  they  alone 
that  had  the  facilities  and  knowledge  of 
shaping  into  all  sorts  of  forms  tungsten  and 
molybdenum — metals  so  difficult  to  work, 
but  of  such  great  value  in  vacuum  tubes. 

The  Research  Laboratory  at  Schenectady 
was  also  the  sole  producer  in  this  country  of 
a  number  of  materials,  such  as  calcium,  which 
before  the  war  were  made  only  in  Germany. 

It  was  the  recognition  of  these  facts  that  led 
the  President  of  the  Company  specifically  to 
mention  the  Research  facilities  when  he 
offered  the  Company's  resources  to  the 
Government  to  aid  in  prosecuting  the  war. 

Mr.  Rice's  instructions  to  the  Research 
Laboratory  were  that  it  was  their  first  duty  to 
do  all  they  could  to  help  win  the  war,  and  he 
told   the   Director  of  Research,    Dr.   W.    R. 


Whitney,  that  the  Laboratory  could  draw  on 
all  the  engineering  and  manufacturing  facili- 
ties of  the  Company  as  far  and  as  fast  as  it 
needed  them.     It  did. 

The  result  of  this  combination  of  scientific 
men,  engineers  and  unequaled  manufacturing 
facilities,  enabled  results  to  be  accomplished 
in  record  time  and  the  value  of  such  a  com- 
bination under  the  management  of  one 
organization  has  been  most  highly  spoken  of, 
especially  by  representatives  of  the  British 
Admiralty. 

To  give  a  coherent  account  of  the  Research 
Laboratory's  war  work  seems  impossible,  so 
we  shall  only  mention  some  of  the  more 
notable,  but  during  the  entire  period  after 
America  entered  the  war  until  the  armistice 
was  signed  the  Research  Laboratory  was  the 
scene  of  feverish  activities;  night  work  and 
Sunday  work  was  the  order  in  vogue  for  the 
entire  period.  The  difficulties  of  getting  war 
work  out  on  a  hurried  basis  were  as  varied  as 
they  were  numerous.  The  troubles  of  getting 
essential  materials  from  outside  firms  already 
overloaded  with  Al  priority  orders,  of  under- 
taking one  new  job  after  another^  each 
demanding  more  physicists,  more  skilled 
mechanics,  more  glass  blowers,  and  not 
knowing  where  to  turn  to  find  them  in  a 
country  already  stripped  by  the  Govern- 
ment's needs  were  hard  to  meet,  but  were  met 
and  overcome.  The  making  of  all  shipments 
by  special  messenger  to  avoid  freight  and 
express  congestion,  and  the  need  of  speed  and 
always  more  speed,  and  the  wondering  how 
much  longer  the  men  could  stand  the  strain 
added  to  the  problem  of  production,  but  these 
adverse  factors  were  not  allowed  to  hinder 
the  constant  work  and  accomplishments. 

SUBMARINE  DETECTION 

As  soon  as  it  appeared  certain  that  America 
would  enter  the  war  the  Research  Laboratory 
at  Schenectady  started  studjang  the  problem 
of  submarine  detection.  This  was  considered 
the  most  pressing  of  all  war  problems.  All 
such  experimental  work  was  carried  out  in 
close  co-operation  with  the  Navy  Depart- 
ment. It  will  be  recalled  that  Air.  Daniels 
had  created  the  Naval  Consulting  Board 
some  little  time  before  the.  declaration  of 
war.  Dr.  W.  R.  Whitney,  the  director  of 
Research  of  the  General  Electric  Company, 
was  elected  by  two  difterent  societies  a 
member  of  this  Board.  The  formation  of  this 
Board  had  the  happy  result  of  bringing 
technical  and  scientific  experts  from  a  variety 
of  industries  into  co-operation  with  the  Navy 
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Depart iiuMil  to  siuil\-  ilir  snluiidii  nl'  tia\al 
prohk'iiis. 

As  early  as  l'\'l)riiary,  lili",  al  a  mcclinn  of 
Ihe  Naval  Consulting;  Hoard  in  New  York, 
Dr.  Whitney  suj^^ested  eo-operation  with  the 
Submarine  Si},'nal  C^)nlpan^■.  Durinjj;  the 
same  nioiith  the  Special  Problems  Committee 
of  the  Naval  Consulting;  Board  visited  Boston 
to  witness  demonstrations  of  the  submarine 
devices  de\-cloi)ed  up  to  that  date  by  the 
Submarine  Siijnal  Company. 

It  was  decided  that  a  shore  station  was 
necessary  for  experimental  ])urposcs,  which 
led  to  the  Submarine  Sifjnal  Company  build- 
ing such  a  station  at  Nahant,  and  it  was  here 
that  so  much  of  the  early  experimental  work 
was  carried  out. 

It  is  interesting  to  record  that  the  Nahant 
Station  was  built  and  that  the  General 
Electric  Company  and  the  Submarine  Signal 
Company  started  active  work  on  April  7, 
1917,  the  Western  Electric  Company  joining 
them  early  in  Ma}-. 

It  was  also  in  May  that  the  Secretary  of  the 
Navy  created  a  Special  Board  on  Anti- 
submarine De\nces  and  this  Board  wired  to 
Mr.  H.  J.  W.  Fay,  of  the  Submarine  Signal 
Company,  Dr.  F.  B.  Jewett  of  the  W'estern 
Electric  Company,  Dr.  R.  A.  Millikan  of  the 
National  Research  Council,  and  Dr.  W.  R. 
Whitney  of  the  General  Electric  Company, 
asking  them  to  become  ad\-isory  members  of 
the  Board.  In  this  way  a  large  amount  of 
highly  skilled  effort  backed  by  adequate 
manufacturing  facilities  were  brought  to  bear 
on  this  important  problem  and  in  a  short  time 
new  detection  instruments  were  evolved. 

Some  of  the  best  men  in  the  Company's 
organization  were  devoting  all  their  time  to 
this  work  and  were  continually  carrying  out 
an  organized  campaign  in  both  the  design  and 
manufacture  of  special  apparatus  for  the 
detection  of  submarines.  W'ar-time  conditions 
were  stimulated  as  near  as  possible  in  carr^-ing 
out  these  tests  with  the  apparatus  developed. 
These  tests  were  carried  out  in  connection 
with  the  Navy  Department  who  supplied  and 
operated  the  destroyers,  submarines  and 
chasers  which  were  necessary  for  actual 
practical  tests  in  the  hunting  of  submarines. 
The  Xahant  group  were  kept  informed  on 
European  developments  by  the  Special  Board 
through  the  \'isits  of  special  commissions 
sent  to  this  country  for  this  purpose,  who 
brought  over  samples  of  detection  apparatus 
already  developed  in  Europe.  After  about 
five  months  of  feverish  acti\dty  the  Nahant 
group  developed  a  submarine  detector  which 


the  Sjjecial  Board  and  Navy  De|jarlment 
I'onsidered  satisfactory  and  which  was  put  into 
])ro(lucti<ni.  Some  of  these  devices  were  sent 
over  to  tile  British  Admiralty  for  tests  and  a 
special  representative  was  sent  abroad  to 
kee|)  in  touch  with  Jiuropean  develoitments. 

The  progress  of  develoi^ment  was  rai)id  and 
other  tyjjes  of  apparatus  were  produced  and 
in  December,  1!)I7,  some  members  of  the 
Nahant  group  accomjjanied  a  Naval  Com- 
mission abroad  which  took  the  dilTerent 
devices  developed  in  America  over  to  Europe 
and  gave  actual  practical  demonstrations  of 
their  use.  Most  of  the  detective  devices  used 
by  the  U.  S.  Navy  at  the  time  of  the  armistice 
were  manufactured  by  the  General  Electric 
Company  and  many  of  the  most  important 
developments  were  made  by  the  Nahant 
grou]);  a  large  number  of  these  devices  were 
used  by  the  British  Admiralty. 

A  short  time  before  the  signing  of  the 
armistice  the  development  work  at  Nahant 
was  completed  and  many  of  the  men  who  had 
been  working  there  were  transferred  to  the 
U.  S.  Naval  Experimental  Station  in  New 
London,  Conn.,  which  was  the  headquarters 
of  the  Special  Board.  Most  of  the  actual 
production  work  of  this  special  apparatus  was 
carried  out  at  the  Lynn  factory  of  the  General 
Electric  Company,  but  there  were  always  a 
large  number  of  men  carrying  out  investiga- 
tions in  connection  T\ath  this  work  at  the  Re- 
search Laboratory  at  Schenectady.  In  fact, 
a  special  experimental  station  was  started  on 
the  Mohawk  River,  and  when  the  river  froze 
over  some  of  the  Company's  men  went  to 
Key  W'est  to  continue  their  investigations 
through  the  winter  of  1917-lS.  Many  experi- 
ments were  also  carried  out  in  the  Erie  Canal. 

It  is  expected  at  some  future  date  that 
the  ban  on  publicity  concerning  the  work 
that  the  General  Electric  Company,  in  con- 
junction ^\•ith  others,  did  on  submarine  detec- 
tion will  be  removed,  and  then  a  most  inter- 
esting story  can  be  w^ritten  on  their  contri- 
bution toward  the  solution  of  this  problem 
which,  by  many,  was  considered  the  most 
vital  of  the  whole  war. 

Prof.  Elihu  Thomson  and  others  were 
working  at  Lynn  on  some  special  problems  in 
connection  with  submarine  detection,  but  the 
particular  class  of  work  on  which  the}-  were 
engaged  is  still  considered  secret. 

X-ray  Work 

The  accomplishment  of  the  Research 
Laboratory  at  Schenectady  in  connection 
with  the  development  of  the  modern  X-ray 
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tube  is  well  known  throughout  the  world. 
Their  work  during  the  war  in  the  production 
of  apparatus  to  meet  the  special  requirements 
of  war  was,  perhaps,  one  of  the  most  notable 
contributions  made  to  this  highly  important 
branch  of  the  military  surgical  service. 

It  should  be  noted  that  the  tube  developed 
for  this  service  at  Schenectady  is  entirely 
distinct  from  any  formerly  made ;  and  that  the 
Research  Laboratory  designed  and  in  conjunc- 
tion with  other  manufacturers,  put  into  pro- 
duction a  portable  X-ray  outfit,  and  that  these 
outfits  were  extensively  used  during  the  war. 

The  great  value  of  X-rays  as  a  diagnostic 
adjunct  to  surgery  was  well  known  at  the 
outbreak  of  the  war.  Its  special  value  for  the 
location  of  foreign  bodies  and  the  treatment 
of  bone  injuries  was  well  recognized.  Almost 
from  the  beginning  of  the  war  a  high  stand- 
ard of  X-ray  work  was  developed  in  all  the 


of  adjustment.  These  inherent  features  made 
its  transportation  and  operation  within  the 
war  zone  almost  out  of  the  question.  Various 
types  of  portable  apparatus  were  designed 
and  turned  out  by  the  allied  armies,  but 
none  met  with  much  success;  some  being  too 
heavy  and  some  too  delicately  adjusted. 
Most  of  them  in  an  endeavor  to  reduce 
weight  had  sacrificed  power  to  such  an  extent 
that  the  quantity  of  the  X  light  produced 
was  too  small  to  be  of  practical  use.  There 
was  excellent  X-ray  service  well  up  toward 
the  front  of  each  of  the  various  allied  armies 
but  this  service  had  been  built  up  around 
heavy  immobile  units  installed  behind  what 
was  apparently  a  stabilized  battle  line.  But 
it  was  incompatible  with  the  hope  of  victory 
that  this  line  should  not  some  day  be  in 
movement.  Therefore  the  development  of  a 
portable    X-ray    outfit    was    being    carefully 


Fig.  2.  Special  Self-rectifying,  Radiator-type  Rcentgen-ray  Tube  Developed  by  the  Schenectady  Research 
Laboratory  for  the  Army  Medical  Service.  Many  thousands  were  made  by  the  Company  during  the 
war  and  they  were  used  extensively  by  the  Army 


military  base  hospitals  as  rapidly  as  possible. 
A  few  months  of  actual  war  experience  taught 
that  the  most  effective  use  of  X-rays  could 
be  made  at  the  point  where  the  wounded 
receive  their  first  operative  treatment;  and 
that  it  was  important  that  the  patient  be 
operated  on  as  soon  after  receiving  the  wound 
as  possible.  For  this  reason  the  first  operating 
point  was  usually  located  well  up  towards 
the  battle  front.  The  difficulties  of  making 
'X-rays  available  at  this  point  were  apparent 
from  the  beginning.  It  should  be  remembered 
that  X-rays  are  usually  generated  by  the 
discharge  of  high  tension  current,  sav  from 
40,000  to  90,000  volts,  through  a  specially 
constructed  vacuum  tube,  and  that  pre-war 
X-ray  tubes  required  unidirectional  current 
for  their  operation. 

The  apparatus  for  developing  and  control- 
ling such  high  tension  unidirectional  current 
was  heavy,  complicated  and  easily  thrown  out 


studied  by  each  of  the  allied  armies  at  the 
time  the  United  States  entered  the  war. 

This  problem  was  solved  by  the  Research 
Laboratory  at  Schenectady,  and  the  solution 
was  based  on  the  development  of  a  new  type 
of  X-ray  tube  specially  designed  to  meet  the 
severe  requirement  of  this  service. 

This  new  tube  had  the  property  of  rectifying 
the  current  so  that  it  might  be  connected 
directly  across  the  terminals  of  a  high  tension 
transformer.  It  was  capable  of  positive 
control  and  of  practically  continuous  opera- 
tion, while  the  X-rays  produced  were  limited 
only  by  the  requirement  of  the  service. 

This  new  tube  eliminated  the  necessity  for 
the  complicated  and  delicate  power  consuming 
rectifying  apparatus  and  made  it  possible  to 
reduce  the  weight  of  the  machinery  necessary 
for  its  operation  to  a  point  where  com- 
paratively high  power  units  could  be  made 
readily  portable. 
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Aiiuinil  this  new  tube  two  types  of  ijorlahli' 
X-r;iy  ouUils  wore  coiislructfd,  both  of  which 
were  at  oiiee  adupli'l  by  the  United  States 
Army  for  use  in  their  field  hospitals.  These 
ouKits  were  de\eloped  with  the  assistance  of 
\'arioiis  inanutacturers  of  special  a|)paratus. 

t)iie  of  these  outfits  ineludetl  a  complete 
electric  j:;eneratinj;;  plant,  fonning  an  entirely 
independent  unit  which  could  be  loaded  on  a 
Ford  truck  and  delivered  anywhere  in  the  war 
zone  ready  for  instant  action.  If  this  outfit 
were   to   l)e   compared   with    the   best   then 


as  the  tube  could  lake  the  whole  jjower  of  the 
generator  without  damage. 

The  Schenectady  Research  Laboratory 
sent  a  special  representative  over  to  the  war 
Zone  to  ob.serve  the  (Operation  of  these  outfits 
and  to  gather  .suggestions  for  possible  improve- 
ments. He  spent  nine  mtjnths  on  the  other 
side  studying  the  field  and  base  hospitals  of 
the  British,  French  and  Italian  armies,  report- 
ing his  findings  to  the  Laboratory.  When  the 
new  outfits  arrived  in  the  hands  of  the  U.  S. 
Red  Cross  units  thev  at  once  demonstrated 


3.  A  Portable  Type  of  Roentgen-ray  Outfit  Developed  for  the  Army  Medical  Service  by  the  Schenectady 
Research  Laboratory  of  the  General  Electric  Company.  At  the  right  will  be  seen  the  self-contained  gas- 
electric  generating  unit.  In  the  box  in  the  center  are  located  the  Roentgen-ray  and  filament  transformers, 
the  filament  current  control,  and  booster:  and  on  the  top  of  the  box  are  the  line  voltmeter,  line  voltage  rheostat, 
tube  current  milliammeter.  and  operating  switch.  The  Roentgen-ray  tube  is  contained  in  the  movable  box 
beneath  the  table. 


developed  in  Europe  it  would  be  found  to 
weigh  less  than  half  and  to  furnish  three  times 
the  power;  or  in  other  words,  it  was  about  six 
times  as  efficient  in  terms  of  X  light  produced 
per  pound  of  equipment.  The  importance  of 
these  characteristics  for  a  portable  apparatus 
are  hard  to  over  estimate. 

No  part  of  this  outfit  was  too  heavy  to  be 
handled  easily  by  two  men  and  all  parts  \\'ith 
the  exception  of  the  new  tube  were  of  stand- 
ard design.  No  adjustments  were  necessary 
and  all  that  was  needed  for  operation  was  to 
close  a  single  switch.    The  set  was  fool  proof, 


their  effectiveness,  convenience,  and  reli- 
ability. Whatever  might  have  been  the  case 
with  other  equipments,  in  X-ray  outfits,  at 
least,  the  LT.  S.  Army  had  frorn  the  start  a 
great  advantage  over  all  others. 

The  operation  of  these  sets  was  so  success- 
ful that  before  the  close  of  the  war  they-  were 
being  used  to  replace  the  hea\-ier  and  more 
complicated  machines  in  some  of  the  base 
hospitals. 

A  great  number  of  these  tubes  were  made 
by  the  Company  during  the  period  of  the  war. 
An  interesting  point  in  connection  with  this 
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Fig.  4.  The  200-kw..  25,000-cycle  Radio  Alternator  with  Transformers  at  the  New  Brunswick,  N.  J.,  High-power 
Radio  Station  which  was  Equipped  by  the  General  Electric  Company  and  placed  at  the  Disposal  of  the 
Government.  This  station  sent  direct  to  Germany  President  Wilson's  famous  message  demanding  the 
abdication  of  the  Kaiser;  and  it  then  continued  as  our  "mouthpiece"  in  transmitting  to  Germany  those 
messages  which  finally  led  to  the  negotiation  of  the  armistice 


Fig.  5.      The  200-kw.,  25.000-cycIe  Radio  Alternator  with  the  Upper  Half  Removed 
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work  is  tlio  fact  llial  t'luh  tiihi'  ri'ciuired  tlii' 
useof  al)oul  twelve  dollars'  worth  of  plaliiniin, 
which  fjave  the  Coinpaiiy  the  unenviable 
ilistinetion  of  bein^j  the  larj^'est  user  of 
platinum  in  the  country.  It  is  still  more 
interesting^  to  learn  tiiat  the  Research  Labor- 
atory set  to  work  lo  fnul  a  substitute  for 
platinum  and  in  a  short  time  developed  a 
special  alloy  which  did  the  work  equally  well 
and  released  a  larjje  (luantily  of  platinum  for 
other  war  puri)oses. 

It  was  no  easy  matter  Iv  put  this  new 
Coolidfje  X-ray  tube  into  quantity  production. 
All  other  parts  of  these  ])ortable  outfits  were 
standard,  but  the  tube  was  new.  It  was 
difficult  to  make  the  required  facilities  for 
its  manufacture,  which  existed  only  in  the 
Research  Laboratory  at  vSchenectady  and 
even  here  in  insufficient  quantity  for  the 
demands.  A  larjje  number  of  skilled  glass 
blowers  would  be  required,  so  the  Laboratory 
started  a  school  for  glass  blowers,  selecting 
one  of  their  best  men  as  instructor  and  some 
of  the  brightest  boys  in  the  Laboratory  as 
pupils,  and  in  a  few  months'  time  these  boys 
were  performing  successfully  all  but  the  most 
difficult  operations. 

At  the  same  time  there  were  other  experts 
set  to  work  studying  the  operations  and 
designing  special  machinery  to  perform  them. 
The  Company  started  a  small  factory  under 
the  Laboratory's  supervision  and  called  in 
lamp  factory  experts  to  study  the  manu- 
facturing processes  to  help  speed  up  produc- 
tion. To  insure  against  the  possibility  of 
interruption  by  fire  or  other  unforeseen  causes 


one  of  the  lam])  factories  was  started  on 
making  Cooiidge  tubes.  By  these  methods 
the  Comjiany  took  care  of  the  U.  S.  Army 
and  Red  Cross  units  and  beff)re  the  armistice 
was  signed  were  in  a  jjosition  to  supply  tubes 
to  the  Allies. 


Fig.  6.  Device  for  Amplifying  Telegraphic  Impulses  or  Tele- 
phonic Vibrations  in  Order  that  their  Range  of  Transmission 
by  Radio  be  Increased.  The  "magnetic  amplifier."  as  it  is 
called,  is  here  shown  removed  from  its  case  in  which  it  is 
submerged  in  oil  and  cooled  by  water  circulation 


Radio 

The  Company's  accomplishments  in  radio 
work  both  in  the  field  of  telegraphy  and 
telephony  were  many  and  varied.  One 
of  the  striking  technical  results  of  the  war 
that  will  probably  have  far  reaching  peace- 
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Fig.  7.  On  February  22nd,  this  Year,  Secretary  Daniels  at  His  Desk  in  Washington  Held  Telephone  Conversation 
with  President  Wilson  on  the  S.  S.  George  Washington  500  Miles  at  Sea.  The  Distance  was  Limited  only  by 
the  relatively  small  capacity  receiving  apparatus  installed  on  the  George  Washington  at  that  time.  >  Secretary 
Daniels'  voice  vibrations  were  transmitted  via  ordinary  long  distance  land  telephone  hnes  to  the  New  Brunswick 
station  where  they  were  automatically  amplified  and  transformed  into  radio  vibrations  for  reception  by  Presi- 
dent Wilson's  receiving  outfit.  This  illustration  is  an  oscillographic  record  of  a  few  of  the  control  and  ampli- 
fied current  waves  of  Secretary  Daniels'  voice 
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time  results  is  the  development  of  Trans- 
atlantic radio  communication  into  an  accu- 
rate and  dependable  system  that  can  be 
counted  on  every  day  of  the  year  and  almost 
every  hour  of  the  day. 


Fig.  8.      150-watt  Dynamotor  for  Supplying  Energy  to  the 
Medium  Power  Pliotron  Set  Shown  in  Fig.  13 


Fig.  9.  Ship-airplane  Radio  Telephont  Ti  .nibmiUcr  and  Receiver 
Used  on  Smallest  Type  of  Naval  Aircraft  for  communication 
between  seaplanes  and  ship  up  to  30  miles:  weight  12  pounds; 
supplied  with  energy  from  a  wind-driven  generator 

The  demands  that  are  now  being  made  on 
this  system  of  communication  can  be  shown  by 
therecentlyannouncedpolicyofthegovernment 
to  send  all  government  department  dispatches 
by  radio  to  relieve  the  congested  cables. 

Now  that  the  bar  of  secrecy  has  been  lifted 
it  is  possible  to  announce  that  during  the  last 
year  the  greater  part  of  the  government's 
dispatches  were  transmitted  by  a  new  radio 
system  developed  by  the  General  Electric 
Company.  The  Company  equipped  the  high 
powered  radio  station  at  New  Brunswick, 
N.  J.,  with  its  newly  developed  apparatus  for 
Transatlantic  telegraphy  and  telephony  and 
placed  it  at  the  disposal  of  the  government  for 
official  dispatches  early  in  1918,  to  meet  the 
urgent  demand  for  communication.  The 
continuous  and  reliable  service  by  this 
station  has  since  been  favorably  commented 
on  from  distant  parts  of  the  world  and  has 
caused  the  Government  to  place  orders  with 
the  Company  for  two  transmitting  equip- 
ments. 


It  is  a  matter  of  historic  interest  to  record 
that  it  was  the  New  Brunswick  radio  station 
that  directed  the  first  message  to  Germany 
after  America's  participation  in  the  war. 
It  will  be  remembered  that  it  was  in  this 
message  that  President  Wilson  demanded  the 
abdication  of  the  Kaiser.  That  series  of 
history-making  messages  which  followed  one 
another  in  such  rapid  succession  and  finally  led 
to  the  speedy  conclusion  of  the  armistice  were 
also  sent  from  the  New  Brunswick  station. 

This  new  system  of  radio  communication 
is  known  as  the  Alexanderson  system  and 
includes    improvements    which    have    been 


VA.  /" 


Fig.  10.  Small  Power  Pliotron  Set  for  Radio  Communication 
from  Seaplane  to  Base  Stations  or  Other  Aircraft.  It  has  a 
Telephone  Range  of  60  Miles,  weighs  8.5  pounds,  and  is 
supplied  with  energy  from  the  dynamotor 


developed  by  the  Company's  engineers  in  all 
four  stages  which  are  common  in  all  radio 
systems.  These  stages  are,  first,  the  genera- 
tion of  high  frequency  electric  oscillations; 
second,  the  modiilation  of  these  oscillations 
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into  the  dots  and  dashes  of  the  telegraph 
code,  or  into  the  modulation  of  the  human 
voice;  third,  the  radiation  of  these  electric 
oscillations  in  the  form  of  waves,  which  travel 
with  the  velocity  of  light  over  the  surface  of 
the  earth,  and  the  fourth  stage  is  the  recep- 


Fig.  15.  Combination  of  Radio  Receiver  and  Barrage  Device. 
The  upper  portion  comprises  the  receiver  and  the  lower 
portion  the  Barrage  Section.  The  Latter  Device  Screens 
outfall  disturbing  static  "noises"  and  thus  permits  the  clear 
reception  of  the  signals  emanating  from  any  selected  trans- 
mitting station 

tion  or  detection  of  these  waves  by  suitable 
instruments. 

In  this  new  system  the  machine  that 
generates  these  electrical  oscillations  is  known 
as  the  Alexanderson  alternacor  which  has  the 
advantage  of  giving  a  "pure  wave "  by  virtue 
of  which  messages  sent  by  different  stations 
do  not  interfere  with  one  another.  There  is 
just  as  much  improvement  in  this  new  system 
over  the  older  method  as  there  is  between  the 
modern  balanced  telephone  line  and  the  old 
single-wire  telephone  on  which  the  cross  talk  of 
neighbors  could  be  overheard. 

A  new  device  known  as  the  magnetic 
amplifier  is  employed  as  a  modulator  of  the 
electric  oscillations.  This  new  device  has  no 
moving  parts  and  this  fact,  coupled  with  its 
magnetic  properties,  renders  it  so  quick  as  to 
make  possible  the  transmission  of  telegraph 
messages  at  the  rate  of  several  hundred 
words  a  minute  and  also  enables  the  ampli- 
fication of  the  modulations  of  the  telephone 


currents  into  oscillations  sufficiently  powerful 
to  carry  the  human  voice  across  the  Atlantic- 
In  all  the  different  radio  systems  the  radiator 
is  called  the  antenna  and  up  to  the  present 
time  the  antenna  has  been  very  inefficient, 
the  useful  energy  radiated  amounting  to 
from  5  to  10  per  cent.  In  the  Alexanderson 
system  a  multiple  tuned  antenna  is  an 
important  feature  and  increases  the  radiation 
efficiency  from  20  to  50  per  cent. 

An  improvement  in  the  technique  of 
receiving  radio  messages,  which  was  primarily 
developed  for  military  reasons,  has  become 
known  as  the  "barrage  receiver";  it  promises 
to  play  an  important  part  in  the  art  of  com- 
mercial communication.  The  nature  of  this 
problem  can  perhaps  best  be  understood  by 
comparing  it  with  an  equivalent  in  sound 
waves.  For  certain  purposes  it  might  be 
possible  to  have  an  ear  which  could  be  so 
adjusted  that  a  person  could  stand  close  to  a 
steam  whistle  and.still  listen  to  words  spoken 


Fig  16  2000  w  itt  Radio  Transmitting  Outfit  Consisting  of 
Six  Large  Pliotron  Tubes  (A,  Fig.  18),  Engine-driven  Gen- 
erator, and  Auxiliaries  Installed  in  an  Army  Tractor 

from  a  distance  of  several  hundred  feet. 
Distances  are  only  relative  and  a  steam 
whistle  located  in  Germany  might  be  caused 
to  make  such  a  noise  that  it  would  completely 
drown  out  the  sound  of  the  voice  calling  from 
America.     This  contingencv  was  reallv  seri- 
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(lusly  fcari'd  ;itiil  [n  munlrnirt  it  llu-  "l)ar- 
ra^f  r<.'C(.'i\or "  was  ikArlcipi'd.  A  dcinoii- 
stration  of  this  n-coivi-'r  was  ni;i<li'  ihri'o  miles 
from  tlie  Now  IBruiiswic-k  traiismilliiiK  slalion 
and  it  was  slnnvn  tlial  llif  overwllelmin^^ 
iiiUMisily  of  the  New  Brunswick  signal  could 
he  completely  neutralized  so  that  messages 
could  be  received  from  lun-opcan  stations  as 
well  as  if  the  transmitting  station  were  not 
operating.  This  demonstration  caused  the 
officials  to  immediately  adopt  "barrage 
receivers"  at  the  receiving  station  of  the 
American  and  French  governments. 

The  high  frequency  alternator  used  in  this 
new  radio  system  is  known  as  the  Alexander- 
son  alternator,  and  although  the  greater  part 
of  the  development  work  on  this  machine 
had  been  accomplished  before  the  beginning 
of  hostilities,  it  is  so  much  a  part  of  this 
new  system  and  has  played  such  an  im- 
portant function  in  Transatlantic  communi- 
cation that  the  following  remarks  seem  in 
order  here: 

The  Company  has  developed  such  high 
frequency  alternators  for  radio  work  in 
capacities  of  1,  2,  50,  and  200  kilowatts.  It 
was  one  of  these  200  kilowatt  machines  that 
did  such  good  work  at  the  New  Brunswick 
station  during  the  war,  so  it  is  interesting  to 
note  that  a  unit  of  this  size  radiates  appro.xi- 
mately  250  h.p.  of  energy  into  space  when  it  is 
sending  a  radio  message.  The  peculiar 
advantages  of  this  type  of  generator  is  that 
it  gives  out  an  undamped  wave  and  puts 
such  a  large  amount  of  energy  into  the 
antenna;  factors  which  led  to  the  rapid 
extension  of  the  use  of  radio  communication 
during  the  war,  and  also  led  to  the  building 
of  so  many  new  transmitting  stations  as  w'ell 
as  the  use  of  this  means  of  communication 
for  spreading  propaganda. 

Over  and  above  the  radio  work  referred  to. 
the  Company's  radio  developments  w^ere 
many  and  varied.  A  description  of  all  the 
work  done  seems  impractical,  so  to  give  a 
general  idea  of  some  of  this  work  that  had 
been  completed  or  was  nearing  completion 
at  the  time  the  armistice  was  signed,  it  will 
be  well  to  classify  it  as  follows : 

(a)  Large  size  vacuum  tube  apparatus 

(b)  Medium  size  vacuum  tube  apparatus 

(c)  Small  size  vacuum  tube  apparatus 
(c)  Receiving  apparatus 

All  these  new  developments  were  carried 
out  under  war-time  conditions,  at  high  pres- 
sure, and  under  numerous  difficulties  caused 
by  the  rapid  change  of  requirements. 


The  term  "vacuum  tube  apparatus"  may 
need  a  word  of  explanation:  it  refers  to  thai 
type  of  transmitter  and  receiver  which  makes 
use  of  the  vacuum  tube  as  an  oscillator. 
ami)lifier  and  receiver.  Such  lubes  are  usually 
made  of  glass  and   generally  contain   three 


Fig.  17.     Side  View  of  the  Pliotron  Cabinet.  Front  View  of 
which  is  Shown  in  Fig.  16 

electrodes.  The  tube  is  exhausted  and  the 
Research  Laboratory  at  Schenectady  has  done 
much  notable  work  in  producing  a  tube  of 
higher  voltage  and  greater  power  output 
than  hitherto  had  been  found  possible.  The 
physical  properties  of  the  tube,  which  is 
termed  a  "pliotron,"  are  dependent  upon  the 
motions  of  the  electrons  set  free  from  the 
heated  filament  in  a  nearly  perfect  vacuum. 
We  shall  refer  at  greater  length  further  on  to 
this  subject. 

Most  radio  apparatus,  pre\'ious  to  the 
development  of  these  tubes,  employed  what 
are  commonly  termed  "damped  waves," 
which  means  that  for  a  portion  of  the  time 
there  was  no  actiAaty-.  With  the  vacuum 
tube  undamped  waves  are  used  in  which  there 
is  no  period  of  inactiAatj';  this  results  in  a 
higher  efficiency. 

In  pre-war  days  the  advantages  of  the 
undamped  oscillations  were  well  recognized 
and  apparatus  of  this  description  had  largely 
displaced  the  older  damped  apparatus  on  the 
score  of  greater  efficiency,  the  ability  to  use 
the  lower  voltage,  small  size,  and  also  because 
of  certain  advantages  in  reception;,  but  this 
new  type  of  apparatus  had  not  been  used  to 
any  large  extent  in  the  smaller  radio  outfits. 

The  war-time  requirements  of  both  the 
army  and  the  navy  were  of  a  A-ery  special 
nature  and  called  for  a  great  number  of  small 
sized,  short  range  radio  sets  of  light  weight 
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and  small  cubic  capacity ;  these  features  being 
particularly  valuable  in  aircraft  outfits.  To 
meet  these  requirements,  the  vacuum  tube 
apparatus   was   developed   and   was   applied 


in  several  unique  ways  to  the  aircraft  service, 
particularly  in  its  application  to  telephonic 
communications.  All  sets  developed  by  the 
Company  were  arranged  for  telephonic  com- 


;.  IS.    Various  Sizes  of  Vacuum  Tube  Apparatus  Developed  and  Manufactured  by  the 
General  Electric  Company  for  Radio  Transmission  and  Reception 

High-power  pliotron  used  as  generator  of  high-frequency  energy;  250  watts  capacity  when 

using  a  plate  voltage  of  1500 
Medium-power  pliotron  used  as  a  generator  of  high-frequency  energy;  50  watts  capacity 

when  using  a  plate  voltage  of  750. 
Small-power  pliotron  used  as  a  generator  of  high  frequency  energy;  5  watts  when  using  a 

plate  voltage  of  350. 
Regulator  tube  used  to  control  output  of  wnnd-driven  generator. 
Ballast  lamp  used  to  control  filament  current  in  small  pliotrons. 
Resistance  tube;  a  special  form  of  very  high  resistance  employed  in  radio  receiving  sets. 
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iminicalion  on  tlu'  coiUiiuKiiis  wave  and 
tck'f^nipliif  i"<)mmutii(.'ati()n  on  both  con- 
tinnous  and  "i-luip|Kd  "  wave. 

Aircraft  arc  of  \arious  sizes  and  therefore 
several  difTerent  types  of  apjjaratus  were 
designed  to  meet  the  difTering  requirements, 
but  finally  the  design  settled  down  to  three 
types,  each  ])articularly  suitable  for  a  certain 
class  of  airplane.  Thus  the  large  size  vacuum 
ai)paralus  was  primarily  intended  for  bomb- 
ing planes,  ilying  boats,  and  balloons;  the 
medium  size  for  such  craft  as  seajjlanes  and 
biiilanes;  and  the  small  size  for  the  smallest 
class  of  Ilying  machines,  which  usually  carry 
only  one  aviattir. 

The  large  size  vacuum  tube  apparatus 
uses  the  largest  type  of  pliotron  that  the  Com- 
pany has  developed  and  is  adapted  for  use  at 
fixed  land  bases  for  controlling  the  fleet 
movement  of  a  large  number  of  planes  by 
telephone.  Such  sets  radiate  about  1 J2  horse 
jjinver  of  energy  and  are  capable  of  giving 
telephonic  communication  with  a  flying  boat 
at  a  distance  of  at  least  200  miles.  Similar 
units  were  designed  for  installation  on  army 
tractors  for  field  operation.  These  also  had  a 
range  of  200  miles,  and  at  the  time  the  armi- 
stice was  signed  a  number  of  orders  were  under- 
way for  radio  telephone  sets  for  this  ser\-ice. 
An  aircraft  unit  using  this  large  vacuum  tube 
was  designed  which  only  weighed  70  pounds, 
exclusive  of  the  storage  battery. 

An  aircraft  radio  telephone  unit  using  the 
medium  size  vacuum  tube  was  developed, 
and  is  now  being  produced  in  large  quantities. 
It  has  a  telephonic  range  from  plane  to  ground 
of  a  hundred  and  fifty  miles  and  weighs  only 
about  40  pounds,  exclusive  of  the  battery. 

A  great  amount  of  work  was  done  on  a 
radio  telephone  set  using  the  smallest  size  of 
vacuum  tube  and  the  weight  had  been  brought 
down  until  the  complete  transmitter,  exclusive 
of  the  battery,  weighed  only  25  pounds.  This 
set  had  a  range  of  60  miles  from  the  fixed 
station  and  communication  was  obtained 
over  a  distance  of  ten  miles  between  two 
similar  planes. 

The  vacuum  tube,  commonlA-  called  the 
pliotron,  and  mentioned  so  often  in  this  story, 
deserves  many  chapters  to  cover  the  fasci- 
nating story^  of  its  development;  particularly 
the  truly  wonderful  scientific  laws  which 
govern  its  action  and  the  almost  unbelievable 
amount  of  work  that  was  accomplished  bj-  the 
Company  in  supplying  the  needs  of  the  army 
and  navy  with  these  tubes.  The  amount  of 
progress  that  the  world  owes  to  these  tubes 
is  a  source  of  just  pride  to  the  workers  of  the 


Research  Laboratory  at  Schenectady  where 
so  much  of  the  develo|>ment  work  was  done 
that  led  to  their  present  highly  developed 
state.  Hut  owing  to  there  being  so  much 
that  is  of  interest,  we  shall  have  to  confine  our 
remarks  to  one  or  two  brief  paragrai<hs. 

The  practical  long  distance  telejjhone  really 
owes  its  development  to  the  pliotron,  and  the 
advances  it  has  enabled  to  be  made  in  wire- 
less telegraphy  are  great  and  far  reaching. 

These  lubes  depend  for  their  action  on  the 
emission  of  electrons  from  a  heated  cathode 
which  crossing  a  gap  arrive  at  the  anode,  thus 
conveying  an  electric  current  across  the 
gap.  The  ability  to  produce  high  power 
tubes  depends  on  many  factors,  but  the  most 
important  is  to  obtain  a  very  high  degree  of 
vacuum.  The  realization  of  the  necessity  of 
the  high  vacuum  and  the  development  of  the 
technique  for  producing  it  are  due  to  the 
Research  Laboratory. 

As  soon  as  America  entered  the  war  and  the 
requirements  of  the  government  were  learned, 
the  Company  started  two  lamp  factories  on 
the  w^holesale  production  of  the  vacuimi  tube 
and  pro^•ided  equipment  to  turn  out  20,000 
per  week.  The  Company  supplied  the  army 
and  navy  with  may  thousands  of  pliotrons  for 
the  airplane  and  seaplane  services  and  many 
hundreds  of  the  complete  wireless  outfits 
already  described. 

If  one  re\iews  the  developments  of  the  last 
two  or  three  years,  when  \artually  the  whole 
world  was  at  war,  we  seem  to  have  lived  a 
century  in  this  brief  period.  A  cold  descrip- 
tion with  all  its  technicalities,  of  some  of  these 
new  developments  can  convey  none  of  the 
romance  that  is  inseparable  from  the  efforts 
of  the  engineer  and  scientists,  so  let  us  con- 
sider briefly  what  some  of  these  de\-ices  w-ere 
designed  to  do,  what  an  important  part  the}- 
played  in  the  war,  and  how  greatly  their  use 
would  have  extended  had  the  war  continued. 
What  a  far  fetched  romantic  fain.-  story  the 
truth  of  today  woiild  have  seemed  even  to  us 
in  our  childhood. 

Men  talking  across  the  broad  expanse  of 
the  Atlantic  Ocean  w-ithout  a  w-ire  is  romantic 
enough  of  itself,  but  what  of  an  ace  with  his 
radio  set  controlling  the  fleet  action  of  a 
mighty  host  of  fl>-ing  battleships  engaged 
in  deadl}-  battle  miles  up  in  the  air. 

It  seems  fanciful,  but  it  is  real  that  today  we 
send  men  miles  up  into  the  air  to  obtain 
meteorological  information  of  distant  points 
and  have  the  information  telephoned  back 
to  us  on  earth.  These  are  indeed  messages 
from  the  etherial  blue. 
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What  would  Napoleon  or  Wellington  not 
have  given  for  just  one  hour  of  aerial  telephone 
service  to  direct  the  fire  of  his  artillery? 

Airplanes  and  mighty  dirigible  balloons 
fitted  up  with  wireless  telegraph  and  telephone 
sets  scouring  the  sea  for  pirate  submarines 


Fig.  19.  The  device  recently  developed  by  the  General  Engi- 
neering Laboratory  of  the  General  Electric  Company  for 
the  visual  and  photographic  reception  of  radio  signals.  The 
galvanometer  element  is  located  in  the  box  near  the  bottom 
of  the  right-hand  standard.  The  reel  of  unexposed  photo- 
graphic tape  is  situated  above  the  large  panel.  The  verti- 
cal tubes  contain  the  agents  for  developing,  fixing,  washing, 
and  drying  the  photographic  tape.  At  the  left-hand  end  of 
the  machine  appears  the  record-bearing  tape,  samples  of 
which  are  shown  in  Fig.  20 


preying  on  merchant  ships,  fighting  their 
enemy  with  bombs  and  calling  the  patrols 
to  destroy  their  quarry  sounds  like  a  fairy 
story,  but  it  is  a  grim  reality. 

Airplanes  calling  on  airplanes  for  assistance 
when  hard  pressed  in  a  death  struggle  in  the 
air  was  all  too  real,  although  it  seems  like  a 
story  only  built  of  fancy.  We  need  someone 
to  write  this  story,  but  those  who  know  it  best 
are  too  busy  still  developing  the  marvels  of 
scientific  age — they  are  too  busy  to  write — 
the  problems  of  reconstruction  in  peace  are 
almost  as  great  as  the  problems  of  war  and 
the  strenuous  efforts  of  these  men  during  the 
war  seem  only  to  have  whetted  their  appetites 
for  more  work  and  more  accomplishments. 
Many  are  even  too  busy  to  tell  the  story  to 
someone  else  who  would  write  it. 


Many  volumes  might  be  written  about 
all  the  wireless  developments  of  the  Com- 
pany during  the  war,  but  space  will  permit 
the  citation  of  but  one  more.  The  high- 
speed photographic  telegraphic  recorder 
invented  by  Mr.  C.  A.  Hoxie  and  developed 
by  the  Company  at  Schenectady  in  the  Gen- 
eral Engineering  Laboratory  deserves  special 
mention.  Many  attempts  had  been  made  to 
make  such  a  device,  but  each  had  in  turn 
been  abandoned  largely  because  of  the 
multiplicity  of  parts,  also  because  of  un- 
reliability and  the  diffictdty  in  obtaining 
uniform  operation.  The  recorder  developed 
at  Schenectady  has  proved  its  worth  in  actual 
Transatlantic  work  in  the  naval  receiving 
station  at  Bar  Harbor,  Me.  They  are 
primarily  intended  for  the  high  speed  recep- 
tion of  radio  telegraph  signals,  but  can  be 
used  for  other  purposes.  To  appreciate  the 
value  of  this  device  it  should  be  pointed  out 
that  an  expert  operator  is  capable  of  receiving 
about  35  words  a  minute  for  a  short  period 
under  the  most  favorable  conditions,  but 
average  conditions  usually  bring  this  down 
to  say  15  or  20  words  per  minute,  or  about 
1000  words  per  hour.  Interference  and  static 
are  often  troublesome  and  then  the  speed  is 
even  less.  For  some  time  past  it  has  been 
possible  to  transmit  radio  messages  at  a  con- 
siderably greater  speed  than  they  could  be 
received. 

Various  photographic  recorders  have  been 
tried  out,  but  up  to  the  present  time  none  has 
found  general  application.  With  the  device 
developed  by  the  Company  it  is  practical  to 
photographically^  record  on  a  paper  tape 
radio  signals  at  a  speed  of  500  words  per 
minute.  These  messages  can  be  translated 
at  leisure  by  even  comparatively  inexperi- 
enced operators  and  the  photographic  records 
are  permanently  available  for  future  refer- 
ence. 

An  instrument  of  this  type  has  been  stand- 
ardized to  receive  200  words  per  minute. 
It  is  of  interest  to  note  that  the  time  elapsing 
between  the  arrival  of  the  signal  and  the  time 
when  the  printed  record  can  be  read  is  only 
three  minutes.  During  this  three  minutes  the 
signal  has  been  received,  recorded,  developed, 
fixed,  washed  and  dried. 

This  high  speed  photographic  recording 
machine  has  the  unique  distinction  of  being 
able  to  record  signals  even  through  moderate 
static  and  other  interference  by  virtue  of  its 
mechanical  selectivity  and  thus  to  record  good 
clear  signals  under  conditions  where  an  oral 
reception  would  be  difficult. 
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Electric  Welding 

To  increase  the  rate  of  building  ships  was 
one  of  the  most  vital  problems  of  the  war,  and 
the  rate  of  building  was  largely  dependent 
upon  the  speed  of  driving  rivets.  England 
had  been  up  against  the  same  problem  for 
three  years  and  found  that  the  number  of 
rivets  needed  could  be  materially  reduced 
by  using  arc  welding  in  many  places  instead  of 
rivets.  At  first  England  used  acetylene  weld- 
ing, but  found  the  supply  unequal  to  the  de- 
mand ,  so  substituted  electric  welding  which  was 
found  equally  satisfactory,  and  could  be  used 
in  places  whei^e  gas  welding  was  impractical. 

When  this  country  entered  the  war,  in 
pursuance  of  its  policy  of  benefiting  by  the 
war  experience  of  others,  the  Emergency  Fleet 
Corporation  invited  England  to  send  an  expert 
on  welding  to  this  country.  This  expert  was 
sent  to  the  Research  Laboratory  at  Schenec- 
tady to  teach  all  he  knew  about  welding.  His 
work  was  supplemented  by  careful  studies  of 
different  methods  of  welding  by  physical  tests, 
chemical  analyses  and  microphotographs. 

Next  under  the  auspices  of  the  Emergency 
Fleet  Corporation,  the  Research  Laboratory 
established  a  school  for  welders  where  about 
60  men  were  trained  to  become  proficient 
welders,  and  then  sent  to  act  as  instructors 
at  the  various  shipyards. 

Other  Research  Work 

So  far  as  concerns  the  magnitude  of  the 
work  done  and  perhaps  its  relative  impor- 
tance the  most  notable  war  work  of  the 
Research  Laboratory  was  that  already  cited 
in  connection  with  submarine  detection. 
X-ray  outfits  and  radio  communication;  but 
they  undertook  a  host  of  other  problems  and 
were  at  all  times  prepared  to  assume  more 
work  on  the  request  of  the  different  govern- 
ment departments.  The  following  paragraphs 
will  deal  briefly  with  some  of  the  work  done. 

The  extensive  use  of  aeroplanes  in  the  war 
made  the  high  power  searchlight  an  essential 
part  of  the  anti-aircraft  warfare.  The  Com- 
pany's engineers  in  co-operation  with  the 
Government  undertook  to  develop  a  very 
light  searchlight  more  suitable  for  this  purpose 
than  the  heavy  equipment  in  use.  The  neces- 
sary simphfication  of  the  searchlight  mecha- 
nism imposed  new  and  heavier  requirements 
on  the  electrodes.  To  develop  suitable 
electrodes  was  the  Research  Laboratory's 
share  of  this  work  and  they  successfully 
solved  the  problem,  producing  electrodes 
suitable  for  the  200  amperes  which  was  the 
current  first  required,  and  then  they  made 


electrodes  for  500  amperes,  a  higher  current 
than  had  ever  been  used  before. 

The  Navy  was  using  "Blinker  Lamps" 
for  certain  signalling  operations,  that  is, 
incandescent  laraps  were  flashed  with  a 
telegraph  key  for  night  signalling.  The  Navy 
wished  to  increase  the  range,  but  the  use  of  a 
heavier  filament  retarded  the  rate  of  heating 
and  cooling  and  so  reduced  the  speed  of 
signalling.  The  Research  Laboratory  know- 
ing that  hydrogen  had  the  greatest  heat 
conductivity  of  any  gas,  and  that  if  pure 
it  would  not  affect  the  filament,  made  high 
powered  lamps  filled  with  pure  hydrogen 
which  gave  the  necessary  power,  range  and 
speed  of  signalling. 

Early  in  the  war  the  Research  Laboratory 
studied  incendiary  bombs,  made  100  accord- 
ing to  their  ideas  and  turned  them  over  to 
the  Ordnance  Department  for  test.  These 
tests  were  reported  as  highly  satisfactory 
and  the  Company  was  asked  if  they  wanted 
to  undertake  quantity  manufacture.  The 
Company  did  not  assume  this  work  as  they 
thought  some  of  the  pressed  steel  factories 
could  do  it  more  cheaply,  and  so  they  informed 
the  Ordnance  Department  that  they  were  at 
liberty  to  have  them  made  wherever  they 
could  get  them  done  most  cheaply. 

The  Research  Laboratory  also  did  some 
work  on  smoke  screens,  but  the  Chemical 
Warfare  Section  wanted  both  the  smoke 
screens  and  the  men  who  were  working  on 
them,  with  the  result  that  both  the  smoke 
screens  and  the  men  were  lost  track  of  for 
the  duration  of  the  war.  The  Chemical 
Warfare  service  put  up  a  special  problem  on 
gas  masks  to  the  Research  Laboratory  and 
they  found  a  solution,  but  meanwhile  the 
Chemical  Warfare  service  men  had  found  a 
still  simpler  way  of  doing  the  same  thing. 
Even  in  such  cases  as  these  there  was  no 
regret  felt  that  the  work  was  undertaken  for 
it  is  only  by  working  out  several  methods  that 
you  can  be  sure  you  have  the  best. 

The  Research  Laboratory  made  up  some 
Tungsten  bullets  which  were  twice  as  heavy 
as  steel  bullets  of  the  same  size,  as  the^^  real- 
ized that  the  increased  weight  would  add 
penetrating  power;  in  connection  wdth  work 
on  bullets  many  experiments  were  tried  on 
armour  plates  to  see  if  a  composite  or  lami- 
nated plate  made  of  alternate  layers  of  soft 
and  hard  metals  would  be  superior  to  homo- 
geneous armour  plates.  Theory  seemed  to 
say  yes,  but  actual  tests  said  no. 

Among  the  large  number  of  special  prob- 
lems presented  to  the  Research   Laboratory 
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for  solution  at  (lifToiTut  linu's  during'  tlie  war, 
some  were  of  s|)i.'cial  iiilt-rcst. 

Another  naval  problem  that  was  worked  on 
was  the  im])rovemenl  of  detonators  for 
sulimarine  mines.  The  mines  develo])cd  by 
the  Navy  Dejiartment  were  hij;hly  sueccssful, 
exeept  for  the  faet  that  the  detonators  took 
too  much  current.  In  co-operation  with 
Naval  Officers,  the  Research  Laboratory 
worked  out  a  new  detonator  which  operated 
successfully  on  a  much  lower  current.  A 
great  deal  of  other  research  work  jjave  great 
promise,  but  was  brought  to  a  hasty  con- 
clusion by  the  signing  of  the  armistice  As 
an  examjjle  it  may  be  stated  that  a  waterproof 
and  fireproof  "dope"  for  the  fabric  of  aero- 
plane wings  had  been  developed,  which  was 
nearly  ready  for  service  lest  and  a  new 
fluorescent  screen  making  rapid  X-ray  work 
effective  was  being  developed. 

Much  research  work  was  done  in  finding 
suitable  substitutes  for  materials  that  it  was 
difficult  or  impossible  to  obtain  o^\^ng  to  war 
conditions,  especially  those  which  previously 
had  been  obtained  from  Gennany  only. 

Just  about  two  months  before  the  end  of 
the  war  Dr.  W.  R.  Whitney,  the  Director  of 
Research  for  the  Company,  had  been  ap- 
pointed by  the  War  Department  as  Director 
of  all  Experimental  and  Research  work  on 
nitrate  production.  This  research  was  in 
connection  with  the  large  plants  at  Muscle 
Shoals  where  about  ninety  million  dollars  are 
being  expended.  The  Research  Laboratory 
had  little  more  than  started  investigations 
along  these  lines  w^hen  the  armistice  was 
signed. 

From  first  to  last  the  Research  Laboratory 
spent  about  one  and  a  half  million  dollars  on 
war  research  work,  the  greater  part  of  which 
was  foreign  to  the  normal  acti\4ties  of  the 
Company  and  which  would  have  little,  if  any, 
peace-time  value.  All  the  research  facilities 
were  devoted  to  war  work  and  the  loss  of 
these  to  the  Company's  normal  development 
was  serious,  but  at  no  time  was  this  con- 
sideration allowed  to  interfere  with  the  work 
on  hand.  In  fact,  the  only  one  question  that 
those  in  authority  asked  of  those  who  were 
responsible  for  the  research  work  of  the  Com- 
pany was,  "What  are  vou  doing  to  help  win 
the  War?" 

Most  of  the  research  work  already  men- 
tioned was  done  in  the  great  Research 
Laboratory  at  Schenectady;  but  several  of 
our  factories  have  research  facilities  of  their 
own  where  important  war  work  was  done. 
To  cite  one  example  which  we  have  so  far 


omitted,  the  Research  Organization  of  the 
National  Lam])  W<jrks  at  Nela  Park,  Cleve- 
land, did  some  most  notable  anrl  specially 
useful  work  in  conjunction  with  others  in  the 
development  of  poison  gas  and  gas  masks. 
The  story  of  this  work  is  most  interesting,  but 
as  Colonel  Dorsey,  Chief  of  the  Develr)pment 
Division  of  the  Chemical  Warfare  Ser\'icc,  has 
written  such  an  able  stor>'  from  first-hand 
knowledge  of  the  subject,  we  shall  refer  the 
reader  to  this  story  which  appeared  in  the 
Jouiiral  of  Industry  and  Engineering  Chemistry 
for  April,  lUlO,  as  well  as  to  an  article  on  the 
same  subject  which  appeared  in  the  Magazine 
Section  of  the  New  York  Times  for  April  20, 
1919. 

The  National  Lamp  Works  of  the  Com- 
pany is  preparing  a  report  of  its  war  activi- 
ties, so  possibly  we  may  deal  with  these  at  a 
later  date. 

Insulation  * 

As  an  instance  of  how  vital  apparently 
small  things  can  be  to  the  prosecution  of  a 
great  war,  it  is  interesting  to  learn  the  British 
Government's  experience  with  insulations 
for  magnetos  and  to  realize  how^  ^^tal  a  factor 
this  was  in  the  air  service  program.  Before 
the  war  the  British  Government  had  been 
practically  dependent  on  Germany  for  her 
magnetos,  so  at  the  outbreak  of  hostilities  she 
immediately  started  to  manufactirre  her  own 
and  made  rapid  progress,  except  that  no 
insulating  compounds  were  produced  in 
England  that  wotdd  do  for  the  various 
insulating  parts  such  as  distributor  heads, 
slip  rings,  terminal  nuts,  brush  holders,  etc. 

The  General  Electric  Company  w-as  ap- 
proached for  assistance  in  the  production  of 
molded  insulation  which  would  possess  the 
necessan.-  properties.  The  Company  had 
never  made  insulation  for  this  special  purpose 
and  the  requirements  were  quite  severe,  but 
excellent  facilities  existed  for  the  production  of 
insulation  for  various  other  purposes  and  the 
Company  immediately  undertook  the  prob- 
lem. After  several  months'  investigation  a 
compound  was  developed  which  was  even 
superior  to  that  used  in  the  Bosch  machines. 
This  material  was  accepted  and  used  by  the 
British  Government  for  all  magnetos  for 
airplane  ser\-ice.  For  nearly  two  years  all  of 
this  type  of  insulation  required  by  the  British 
Government  was  made  by  the  General 
Electric  Company,  and  then  the  work  was 
transferred  to  the  proper  departments  in 
England.  The  requirements  for  magneto 
ser\"ice    demanded    an    insulation    material 
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which  wnuKi  wiilisUniil  liij^'h  lcm])i.'ralurc, 
wouKl  carbonize  Iml  slowly  iiiKlcr  arcinj;,  was 
resistant  to  moisture  anil  oils,  jjosscsscd  a  hij^h 
insulatinj;  value  and  he  \'cr\'  strong;  mechani- 
cally. It  should  also  lie  capable  of  resisting; 
vibration  and  shock.  The  i)roducl  i)rodiiced 
was  satisfactory  in  all  these  res|)ects. 

The  Insulating  Eiij^ineerinj;;  Deijartment 
was  also  called  upon  to  do  some  si)eeial  work 
on  field  coils  of  motors  for  propellinjj  sub- 
marines. While  it  mifjhl  be  unwise  to  j;o  into 
details  of  how  tliey  accom])lis]ied  the  results, 
it  is  intcrestinj:;  to  record  thai  the  work  they 
did  in  this  direction  was  so  satisfactory  that 
the  tests  demonstrated  that  the  coils  not  only 
had  a  very  high  insulating  value,  but  that 
they  were  absolutely  moisture-j^roof,  and 
also  heat-proof.  In  fact,  the  api)aratus  ran 
so  much  cooler  than  had  been  estimated  that 
it  was  possible  to  dispense  with  the  blower 
entirely  under  very  low  speed  conditions. 
The  excellence  of  this  work  was  very  fa\'or- 
ably  commented  upon  by  the  Government 
officials. 

The  General  Electric  Company  was  co- 
operating ■with  the  manufacturers  of  cases 
for  incendiary  hand-grenades  so  as  to  make 
them  oil-proof  and  yet  inflammable  and  the 
principles  proposed  by  the  Company  had 
been  adopted  at  the  time  the  armistice  \vas 
signed. 

One  of  the  urgent  requirements  of  this 
country  during  the  war  was  optical  glass,  a 
product  which  we  had  very  largely  depended 
on  Germanv  for  before  the  war.     When  our 


manufacturers  underto<jk  to  make  optical 
glass,  f)ne  of  their  dilTiculties  was  a  lack  of 
suitable  glass  jjots,  as  the  material  for  this 
had  also  been  im])orted  from  Gennany.  The 
Comijany's  Insulation  Department  in  co- 
ojjeration  with  other  Ceramic  Engineers  and 
manufacturers  developed  a  satisfactory  for- 
mula for  making  these  jjots  with  American 
clays. 

While  the  Company  has  no  specific  records 
to  show  how  useful  the  work  was  or  if  the 
recommendations  they  made  for  the  improve- 
ment in  spark  plugs  for  airjjlane  engines  were 
used,  they  did  a  very  considerable  amount 
of  work  in  this  direction.  They  not  only 
proposed  a  new  method  of  cementing  the 
inner  electrode  in  place  but  also  developed  a 
new  cement  for  the  purpose.  Work  was  also 
done  in  producing  a  special  porcelain  for  the 
plug  itself. 

During  the  war  certain  materials  were 
required  for  war  work  in  much  larger  quanti- 
ties than  could  be  supplied  and  the  industries 
were  therefore  asked  to  curtail  the  use  of  these 
materials.  The  Company  used  a  great  deal 
of  acetone  and  this  was  one  of  the  materials 
that  the  Government  wanted  to  conser\-e,  so 
the  Company  immediately  stopped  using  it, 
and  in  a  few  weeks  they  found  a  satisfactory 
substitute.  The  use  of  cobalt  oxide,  zircon- 
ium oxide  and  other  materials  was  greatly 
reduced  at  the  request  of  the  Government, 
and  formulae  and  methods  changed  upon 
short  notice  to  substitute  other  materials  not 
so  urgentlv  needed  for  war  work. 
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Problems  in  Designing  Small  Turbines  for 
Industrial  Purposes 

By  Sanford  A.  Moss 

Turbine  Research  Department,  General  Electric  Company 

This  article  and  a  companion  one,  "Turbines  for  Mechanical  Drives,"  which  appeared  in  our  June  issue, 
treat  of  the  production  of  a  line  of  turbines  assembled  from  certain  standardized  and  iiiterchangeable  parts. 
These  parts  after  inexpensive  manufacture  on  a  quantity  basis  are  placed  in  stock.  Their  proper  selection  to 
meet  whatever  operating  conditions  may  be  given  will  result  in  a  machine  fully  the  equivalent  of  one  espe- 
cially designed  for  the  purpose. — Editor. 


The  multifarious  uses  of  the  small  turbine 
have  led  to  a  very  wide  diversity  of  operating 
conditions,  many  of  which  have  been  con- 
sidered in  articles  in  this  magazine.*  These 
articles  gave  a  brief  resume  of  the  way  in  which 
a  special  line  of  small  turbines,  known  as 
Typ  L,  was  designed  to  meet  these  conditions, 
but  this  matter  will  here  be  discussed  in  detail. 

In  the  case  of  electrical  machinery,  stand- 
ardization has  been  carried  to  a  considerable 
degree  and  there  are  comparatively  few  per- 
missible voltages,  speeds,  etc.  Hence,  a  line 
of  such  machines  can  be  restricted  to  com- 
paratively few  standards.  Unfortunately,  no 
such  situation  exists  at  the  present  time  in 
the  case  of  the  small  steam 
turbine.  The  seven  vari- 
ables which  determine  the 
design  of  a  small  turbine 
are: 

Initial  steam  pressure. 

Initial      superheat      (or 
moistttre) . 

Back    pressure   (or  vac- 
uum). 

Revolutions  per  minute. 

Horse  power. 

Efficiency. 

Direction  of  rotation. 

The  steam  pressures  usu- 
ally specified  range  between 
60  and  250  lb.  per  sq.  in. 
above  atmosphere. 

Turbines  for  wet  steam 
are  rarely  called  for  and 
dry  saturated  steain  is 
usually  specified.  There 
may  also  be  superheats  up 
to  about  250  deg.  F. 

Some  turbines  operate",  with  appreciable 
back  pressure  owing  to  the  fact  that  the 
exhaust  may  be  used  for  heating  feed  water 

*  "A  Small  Turbine  for  Direct  Connecting  cr  Gearing,"  R.  H. 
Rice,  June.  1916.  p.  564. 

"Turbines  for  Mechanical  Drives.'  R.  R.  Lewis,  June.  1919, 
p.  438. 


or  for  other  industrial  purposes.  Hence,  the 
back  pressure  may  vary  from  nominally 
atmospheric  value  (which  usually  means 
about  1  lb.  above  atmosphere  back  pressure) 
to  about  35  lb.  per  sq.  in.  above  atmosphere. 
Condensing  small  turbines  are  also  often 
called  for,  usually  26,  27  or  2S-in.  vacuum. 

Tlie  revolutions  per  minute  without  special 
gearing  may  be  from  SOO  to  4000. 

The  horse-power  requirement  in  the  region 
here  discussed  is  between  10  and  400. 

The  arrangement  of  wheel  diameters  and 
the  number  of  stages  control  the  efficiency  for 
any  combination  of  the  above  conditions.  In 
any  case  a  number  of  selections  are  possible, 


Short-arc  Single-stage  Turbine  Driving  Centrifugal  Air  Pump  on  Condenser 


giving  increased  efficiency  at  increased  cost. 
The  circumstances  under  which  the  turbine 
is  to  be  used  prescribe  either  that  price  is  the 
primary  consideration  and  efficiency  a  second- 
ary matter  (calling  for  a  single-stage  machine 
of    small    diameter),  or    that  efficiency  is   a 
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primary  foiisideratioii  (callinj^  for  incri-ascd 
diameter  and  several  stages)  or  that  a  com- 
promise miisl  he  made  between  price  and 
efficiency  K'^'i^K  'i"  intermediate  condition. 

The  most  usual  direction  of  rotation  is 
counter-clockwise  looking:;  from  the  outboard 
end  of  the  lurliine.  However, 
there  are  a  sufficient  number 
of  calls  for  clockwise  rota- 
tion to  require  that  iirox-ision 
be  made  for  it. 

Fundamental  Principles  of  Design 
The  mechanical  desij^n 
adopted  was  so  arranged  that 
each  of  the  various  dimen- 
sions, which  must  be  selected 
to  suit  each  of  the  above  re- 
quirements, could  be  set  inde- 
pendently. This  was  done 
by  dividing  the  complete  tur- 
bine into  a  number  of  unit 
parts,  each  embod}4ng  such 
a  portion  of  the  complete 
machine  as  to  enable  the  plan 
to  be  carried  out  in  the  most 
satisfactory  way.  These  unit 
parts  were  selected  as  follows : 

(1)  First-stage    nozzle 

plates. 

(2)  Diaphragms   for   suc- 

cessive later  stages. 

(3)  Wheels,  buckets,  and 

intermediates  for 
first-stage  and  later 
stages. 

(4)  High-pressure  or  inlet  head. 

(5)  Low-pressure  or  exhaust  head. 

(6)  Governor  valve. 

(7)  Shaft,  casing,  and  general  parts. 
(<S)     Governor. 

(9)     Emergency  governor. 

/  Each  of  these  unit  parts  is  built  in  a  number 
of  interchangeable  types  and  sizes  so  arranged 
that  each  of  the  dimensions  required  for  a 
given  purpose  can  be  secured  independently. 
All  of  the  sizes  of  each  unit  are  made  on  a 
manufacturing  basis  with  jigs,  special  tools, 
etc.,  and  then  stocked.  The  parts  giving 
those  dimensions  required  for  a  certain  pur- 
pose are  then  assembled  to  make  a  complete 
turbine  and  the  nozzle  ports  are  machined  to 
suit  the  exact  conditions  under  which  the 
turbine  is  to  operate. 

In  order  to  give  an  idea  of  the  vast  number 
of  combinations  of  conditions  which  this 
system  meets  exactly,  let  us  suppose  that  it 


would  be  sufficiently  accurate  to  standardize 
certain  even  values  of  the  varicnis  conditions, 
l^'or  instance,  we  might  sujjjiose  that  we  would 
calculate  for  nine  standard  values  of  initial 
steam  pressure  (W),  SO,  100,  125,  150,  175, 
200,  225,  and  250  lb.  per  sq.  in.j,  five  similar 


values  for  superheat,  fourteen  values  for  back 
pressure  or  vacuum,  nineteen  values  for 
revolutions  per  minute,  twenty  values  for 
horsepower,  and  three  values  for  relative 
efficiency  and  cost.  There  are  two  values  for 
direction  of  rotation.  Calculations  if  made 
on  such  a  basis  would  enable  curves  to  be 
plotted  over  the  entire  range  of  conditions  so 
accurately  that  the  data  for  any  specific 
intermediate  condition  would  be  determined. 
The  total  number  of  combinations  which 
such  a  selection  of  standards  involve  is: 

9X5X14X19X20X3X2=1,436,400 

The  actual  nimiber  of  combinations  is 
infinite. 

The  line  as  laid  out  will,  with  a  com- 
paratively few  unit  parts  aU  made  and 
stocked  on  a  repetition  basis,  enable  any  one 
of  these  combinations  or  any  of  the  infinite 
number  of  intermediate  ones  to  be  exactly 
provided. 
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In  order  to  make  this  scheme  commercially 
feasible  the  total  number  of  parts  required 
to  complete  the  line,  consisting  of  the  number 
of  units  multiplied  by  the  number  of  sizes  of 
each  unit,  must  have  a  reasonable  value. 
Nevertheless  enough  sizes  are  pro\'ided  so  as 


Fig.  4.      Thr 


e-stage  Turbine  with  M, 
Driving  a  300-kw.  G 


to  give  no  compromises  which  will  impair  the 
performance.  As  already  mentioned  the 
nozzles  are  machined  to  order  to  meet  exact 
operating  conditions.  Each  turbine  when 
completed  is  then  especially  designed  for  the 
particular  customer's  conditions  regardless 
of  the  fact  that  all  parts  are  laid  out  so  as  to  be 
carried  in  stock. 

In  order  to  handle  the  problem  outlined,  it 
was  of  course  necessary  that  the  complete  line 
of  turbines  be  laid  out  at  one  time  to  cover  all 
of  the  conditions  enumerated.  It  would  not 
have  been  sufficient  to  have  made  designs  for 
only  a  small  portion  of  the  field  with  the  idea 
of  making  extensions  as  time  went  on. 

A  primary  requisite  is  the  ability'  to  com- 
pute the  water  rate  or  performance  of  any 
given  design  with  any  combination  of  cir- 
cumstances. Experimental  work  carried  on 
through  manj'  years,  together  with  complete 
analysis  of  many  commercial  turbines,  gave 
data  which  enabled  this  part  of  the  problem  to 
be  completely  solved. 

In  selecting  the  general  characteristics  of 
the  line,  the  various  possible  types  of  turbine 
were  of  course  considered  and  comparisons 
between  them  were  made,  taking  account  of 


the  necessity  of  securing  good  efficiency  with 
comparatively  low  cost  and  having  in  mind 
the  speeds,  powers,  and  other  operating  con- 
ditions which  commercial  data  showed  to  be 
most  popular.  It  was  decided  that  the  two- 
bucket-row  impulse  type  machine  was  the 
proper  one  to  use  with  one, 
two,  or  three  stages  according 
to  requirements.  This  enables 
the  efficient  use  of  low  speeds, 
such  as  1000  to  2400  r.p.m. 
as  well  as  speeds  such  as  2400 
to  3600  r.p.m.,  and  permits 
of  direct  connection  to  the 
apparatus  to  be  driven  in  a 
large  number  of  cases.  It  re- 
quires the  use  of  gears  in  com- 
paratively few  cases.  Other 
designs  might  have  been  used 
which  would  have  given  good 
efficiency  with  very  high 
speeds,  such  as  6000  r.p.m., 
but  this  would  have  required 
the  use  of  gears  in  nearly  all 
cases.  Still  other  designs  such 
as  the  use  of  single-bucket- 
row  wheels  in  each  stage 
would  have  given  good  effi- 
^^g  ciency  at  speeds  in  the  neigh- 

borhood of  3600  r.p.m.  with 
a  moderate  number  of  stages 
with    consequent    cost    increase    for    lower 
speeds. 

The  use  of  a  stage  consisting  of  two 
independent  axial  flow  bucket  rows,  with 
intermediates  between,  with  pure  impulse 
action,  has  been  successful  in  practice  for 
many  years.  A  careful  consideration  of 
the  use  of  other  possible  arrangements,  such 
as  radial  flow,  return  of  the  steam  successively 
to  a  single  wheel,  etc.,  indicated  that  while  a 
comparatively  slight  improvement  in  cost 
might  have  been  made  there  would  have  been 
an  appreciable  loss  in  efficiency.  Hence,  there 
is  used  the  standard  Curtis  system  of  a  num- 
ber of  pressure  stages  each  with  two  velocity 
stages  such  as  has  often  been  described. 

In  order  to  meet  the  requirement  that  there 
be  a  number  of  machines  with  successively 
increasing  efficiency  for  any  set  of  conditions, 
a  number  of  standard  wheel  diameters  were 
selected.  For  a  given  combination  of  operat- 
ing conditions  not  all  of  the  possible  com- 
binations of  diameter  and  number  of  stages 
are  desirable.  For  instance,  some  of  the 
combinations  may  be  over-speeded,  which 
means  that  there  are  more  wheel  rows  of  the 
given  diameter  than  are  necessarv  to  extract 
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the  energy  efficiently  from  the  steam  in  a  tur- 
bine of  the  given  power.  Hence,  a  machine 
witli  fewer  stages  or  with  smaller  diameters 
wnll  give  a  better  water  rate,  and  will  also  be 
cheaper.  In  other  cases  a  combination  with  a 
certain  diameter  and  number  of  stages  gives 
a  better  water  rate  than  a  combination  with 
another  diameter  and  another  number  of 
stages  and  about  the  same  cost.  Thus  there 
will  always  be  three  and  sometimes  four  or 
five  machines  ha\-ing  successively  decreasing 
water  rates  at  successively  increasing  cost. 
An  extensive  set  of  tables,  curves,  and  rules 
has  been  prepared  whereby  the  water  rate  can 
be  found  for  any  one  of  the  standard  machines 
for  any  combination  of  conditions. 

General  Mechanical  Design 

The  turbines  consist  of  a  high-pressure 
head  to  which  is  bolted  the  governor  valve,  a 
wheel  casing  which  surrounds  the  successive 
wheels  and  interstage  diaphragms,  and  a  low- 
pressure  or  exhaust  head.*  The  heads, 
wheels,  and  diaphragms  of  course  differ  for 
each  of  the  standard  wheel  diameters.  The 
governor  valves  and  governors  are  the  same 
for  all  diameters  however.  For  each  dia- 
meter there  is  but  one  type  of  wheel  blank 
and  diaphragm.  The  various  nozzle  and 
bucket  combinations  are  also  independent  of 
the  diameter  and  the  proper  one  is  used  in 
each  stage. 

Governing  and  Hand  Valves 

Throttling  governing  is  used  both  u4th 
and  without  the  so  called  "hand  valves" 
which  may  be  employed  to  avoid  extreme 
amounts  of  throttling  and  consequent  loss  of 
efficiencv.       For    ordinarv    cases    where    no 


5.     First-stage  Nozzles 


special  circimistances  are  encountered,  the 
throttling  principle  is  entirely  satisfactory. 
This  method  of  governing  lowers  the  pres- 
sure on  the  nozzles  to  a  value  below  that 
existing  in  the  steam  main,  and  so  decreases 

•The  general  arrangement  is  shown  in  Figs.  5  and  6.  "Turbines 
for  Mechanical  Drives."  Geker.\l  Electric  Review.  June.  1919. 
p.  440. 


the  Steam  flow  as  well  as  the  velocity.  This, 
of  course,  decreases  the  power  output  of  the 
turbine.  There  is  but  slight  imjjairment  of 
efliciency  for  usual  ranges  of  load.  How- 
ever, when  belter  efficiency  is  demanded  at 
light  loads,  hand  valves  are  used  which  close 


Fig.  6.     Interstage  Nozzle  Diaphragm 

off  first-stage  nozzle  area  and  therefore 
restore  the  original  pressure  on  the  nozzles. 
The  hand  valve  arrangement  is  as  follows: 

There  is  one  bank  of  nozzles  always  directly 
connected  with  the  main  steam  chest,  and  on 
either  side  are  auxiliary  steam  chests  with 
additional  nozzles  connected  with  the  main 
steam  chest  by  means  of  vah-es  similar  to 
ordinary  globe  ^•alves.  All  the  steam  first 
passes  through  the  main  governor  valve  so 
that  the  machine  is  under  governor  control 
regardless  of  the  hand  valve  opening.  If 
the  minimum  nimiber  of  nozzles  is  required 
all  the  hand  valves  are  closed  and  the  gover- 
nor manipulates  the  steam  pressure  only  on 
the  bank  of  nozzles  directly  connected  to  the 
main  steam  chest.  The  nozzle  area  is  succes- 
sively increased  first  by  opening  the  left-hand 
valve,  next  by  closing  that  and  opening  the 
right-hand  valve,  and  finally  by  opening  both 
valves.  Figs.  2  and  3  show  machines  with 
hand  valves. 

Machines  are  also  often  required  to  meet 
two  types  of  steam  conditions.  For  instance, 
the  back  pressure  may  be  of  one  value  in  the 
summer  and  another  in  the  ■n-inter.  The 
initial  steam  pressure  may  have  a  certain 
value  most  of  the  time  but  at  rare  inter\"als 
may  ha-\-e  a  very  much  lower  value  during 
which  time  the  turbine  must  continue  to  give 
its  full  output.     Maximum  eihciency  may  be 
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required  at  full  load,  while  providing  for  con- 
siderable overload  capacity.  Hand  valves  are 
used  for  these  and  many  similar  situations. 
The  maximum  efficiency  of  a  machine  with 
a  throttling  governor  of  course  occurs  at  maxi- 
mum load.     For  this  reason  it  is  customary 


Fig.  7,      Shaft  and  Wheels  of  Two-stage  Turbine 


nozzle  arc.  The  latter  plan  reduces  the 
nozzle  arc  and  increases  the  bucket  height. 
Various  curves  of  comparison  led  to  the 
adoption  of  several  standard  heights  of  bucket 
requiring  corresponding  standard  diameters 
of  nozzle,  mouth.  The  smallest  diameter  is 
used  for  nozzle  areas  up  to  a  certain  specified 
point  where  consideration  of  cost  and  effi- 
ciency make  it  expedient  to  change  to  the 
next  larger  size. 

A  nozzle  for  steam  under  the  conditions  of 
the  present  design  consists  of  a  convergent 
portion    followed    by    a    divergent    portion, 
giving  a  "mouth"  larger  than  the  minimum 
area  or  "throat."     The  ratio  of  the 
■»^     areas  is  called  the  "expansion  ratio." 
^bH     In    order    to    give    efficient    action 
the    expansion    ratios    diiTer   greatly 
for   the    different    steam    pressure    combina- 
tions. 

Hence  for  each  of  the  standard  nozzle 
mouth  values  there  are  a  number  of  standard 
expansion  ratios,  for  the  machining  of  which  a 
line  of  tools  is  provided.  The  necessary 
number  of  ports  of  the  proper  standard  type 
is  arranged  to  suit  each  customer's  require- 
ments. 


in  many  small  turbines  to  lay  out  the  nozzles 
so  that  the  full  pressure  will  just  produce  the 
required  horsepower.  Then  in  the  event  of 
slight  overload,  or  temporary  diminution  of 
steam  pressure,  the  governor  valve  will  be 
unable  to  keep  the  machine  up  to  speed. 
In  the  turbine  herein  described,  this  dis- 
ability is  avoided  without  undue  decrease  in 
efficiency  by  suitably  selecting  as  the  steam 
pressure  for  rated  load  a  value  somewhat 
below  the  rated  main  pressure. 

Nozzles 

The  steam  nozzle  ports  are  machined  in 
segmental  nozzle  plates.  Fig.  5,  in  the  first 
stage;  and  in  diaphragms,  Fig.  6,  in  the  other 
stages. 

The  area  of  these  nozzles  determines  the 
exact  performance  of  the  machine  so  that  they 
are  not  machined  as  a  part  of  the  original 
manufacture.  They  are  laid  out  to  suit  the 
exact  steam  pressure,  superheat,  back  pres- 
sure, speed  of  revolution,  and  horsepower  of 
each  installation  and  are  machined  to  order 
just  before  assembly. 

The  required  area  may  be  obtained  in 
many  ways,  either  with  a  large  number  of  tiny 
holes  or  a  very  few  large  holes  or  any  inter- 
mediate arrangement.  The  former  plan  gives 
short  buckets  with  a  considerable  length  of 


Materials 

For  the  lower  steam  pressures  and  with 
saturated  steam,  cast-iron  valves,  casings  and 
nozzles,  andstandard  alloy  buckets  are  proper. 
With  an  increase  of  the  temperature  and  pres- 
sure of  the  initial  steam,  other  materials 
become  necessary.  For  high  pressure,  with  or 
without  high  temperature,  the  governor  valves 
must  be  of  steel.  Certain  parts  of  the  tur- 
bine are  not  exposed  to  steam  at  the  initial 
conditions,  but  the  actual  temperatures  to 
which  they  are  exposed  may  become  high 
enough  with  high  initial  temperature  to 
require  special  material.  Each  of  the  parts 
which  may  be  affected  by  temperature  and 
pressure  are  manufactured  not  only  in  the 
material  suitable  for  low  temperatures  but 
also  in  one  or  more  of  the  other  materials 
required  for  higher  temperatures.  Rules  and 
tables  are  provided  specifxing  the  proper 
materials  in  all  cases  for  all  parts  of  the  tur- 
bine. For  instance,  the  governor  valves  for 
low  temperatures  are  made  of  cast-iron  -with 
parts  of  standard  alloy;  for  high  pressures 
and  moderate  temperatures  they  are  made 
of  steel  with  parts  of  standard  alloy;  for  high 
temperatures  the^-  are  made  of  steel  with 
parts  of  special  allo3^  The  nozzle  plates  are 
made  of  cast-iron  or  of  an  alloy  suited  for 
high-temperature  steam,  and  so  on. 
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Nozzle  Arcs 

The  turbines  described  in  this  article  cover 
many  cases;  from  the  one  with  small  power 
and  high-pressure  steam,  requiring  a  few 
small  nozzle  ports,  to  the  one  of  large  power 
and  low-pressure  steam,  requiring  large  noz- 


Fig.  12.     Long-arc  High-pressure  Heads 

zles  for  the  entire  circumference.  Hence 
successively  increasing  nozzle  arcs  are 
called  for,  in  the  first,  as  well  as  in  the  later 
stages. 

The  interstage  diaphragms  have  nozzle 
spaces  to  suit  each  standard  diameter  of 
nozzle,  and  the  required  number  of  nozzle 
ports  are  machined  in  them. 

For  the  first-stage  nozzles  a  different  pro- 
cedure must  be  adopted.  Steam  must  be 
supplied  to  all  of  these  from  the  governor 
valve,  requiring  an  intermediate  steam  chest 
or  distributing  passage.  If  this  were  made 
for  the  extreme  case,  with  nozzles  entirely 
around  the  circumference  in  the  first  stage, 
there  would  be  a  great  deal  more  weight  than 
necessary  for  the  case  where  but  a  few 
nozzles  were  required.  For  this  reason, 
arrangements  have  been  pro\aded  for  three 
different  cases;  a  coinparatively  short  arc,  a 
medium  arc,  and  an  arc  covering  the  entire 
circumference. 


A  short-arc  single-stage  machine  is  shown 
in  Fig.  1.*  In  the  short-arc  case  the  front 
head  carries  no  steam  passages  whatever. 
The  steam  nozzle  is  bolted  directly  onto  an 
extension  of  the  governor  valve. 

For  arcs  up  to  about  two  thirds  of  the 
circumference,  the  "long-arc"  arrangement 
is  used.  Figs.  2  and  3  show  two  and  three- 
stage  machines  respectively.  The  same 
governor  valves  as  in  the  preceding  case  are 
used  except  that  the  inner  end  is  cast  in  a 
different  way  and  is  bolted  onto  the  front 
head.  The  front  head  carries  a  passage  part 
way  around,  through  which  the  steam  flows 
to  the  nozzles. 

This  construction  suffices  for  most  cases. 
However,  some  rare  cases  with  large  powers, 
and  very  low  pressure  steam  require  first- 
stage  nozzles  around  the  entire  circiimference, 
and  then  the  arrangement  of  Fig.  4  is  used. 
This  also  requires  large  governor  valves. 

First-Stage  Nozzle  Plates 

Fig.  5  shows  one  of  these  plates  quite 
filled  with  nozzle  ports.  Fewer  ports  are 
drilled  than  in  the  plate  shown  or  similar 


.y.<*'**^'#; 


*  A  short-arc  two-stage  machine  is  shown  in  Fig.  5.  "Turbines 
for  Mechanical  Drives,"  General  Electric  Review,  June, 
1919,  p.  440. 


Fig.  13.     Low-pressure  Head 

plates  are  used  covering  greater  arcs,  accord- 
ing to  circumstances.  For  the  case  of 
machines  requiring  a  short  arc,  as  in  Fig.  1, 
the  construction  is  such  that  the  turbine  can 
be  completely  assembled  without  the  nozzle 
plate  and  kept  in  stock.     When  the  nozzle 
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plalo  lor  a  pailiiular  i-usloincr  is  complclcil, 
it  is  holU'd  onto  llu'  lu-ad  ami  llic  mafhine  is 
then  iTady  tor  sliiimu'iil.  I-'or  ihc  cast-  of 
loiij^er  arcs,  as  in  I-'i^^'s.  2,  ii,  and  4,  Ihe  nozzk- 
plalcs  arc  bolted  diri-ctly  to  tiic  front  lieail 
and  arc  of  such  Icnj^ths  of  arc  as  to  suit  the 
hand  valve  distribution. 

Figs.  6  and  S  show  tlic  intcrslaKc  dia- 
phragms. 

Interstage  Diaphragms 

The  diai)hraj;in  web,  as  well  as  that  in  the 
front  head,  is  lightened  by  fluting.  The 
diaphragms  as  well  as  the  heads  carry  a 
floating  shaft  packing.  This  consists  of  a 
metal  sleeve  having  a  small  clearance  lit  on 
the  shaft  and  grooves  to  make  a  labyrinth 
passage  which  resists  steam  leakage.  The 
packing  is  not  fixed  rigidly  but  is  held  by 
springs  in  the  exact  place  in  which  it  is 
centered  by  the  shaft,  thus  automatically 
ob\-iating  necessity  of  taking  account  of  shaft 
deflection,  etc.  These  floating  sleeves  are  the 
only  packings  pro\nded  in  the  diaphragms. 
In  the  heads,  there  are  similar  floating 
sleeves  and  in  addition  stuffing  boxes  with 
adjustable  glands  and  soft  packing  or  carbon 
packing. 

Wheels  and  Buckets 

Figs.  7,  9,  and  10  show  the  turbine  wheels. 
The  wheel  in  each  stage  has  a  single  web,  with 
a  rim  carrying  two  bucket  rows.  There  is  but 
one  type  of  such  wheel,  for  each  diameter, 
regardless  of  the  stage.  The  rim  is  arranged 
to  take  any  one  of  the  various  types  of 
buckets. 

The  different  stean^  pressures,  niunber  of 
stages,  and  rotative  speeds  call  for  various 
types  of  buckets  in  the  first  row  and  in  the 
second  row,  and  the  proper  ones  are  chosen 
from  a  set  of  standard  bucket  shapes. 
.  The  various  steam  pressures,  number  of 
stages,  etc.,  give  diiTerent  values  to  the 
steam  velocity  or  "spouting"  velocity  with 
which  the  steam  leaves  the  nozzle  and  enters 
the  bucket  in  a  given  stage.  The  revolutions 
per  minute  and  the  wheel  diameter  give  the 
wheel  speed.  The  ratio  of  wheel  speed  to 
steam  speed,  W/V,  follows  directly.  For  a 
given  value  of  11'  T',  regardless  of  the  absolute 
magnitudes  of  IT  and  I',  there  is  required  a 
certain  combination  of  bucket  angles.  This 
is  for  the  reason  that  the  velocity  diagrams 
of  the  stage  are  similar  triangles  wath  the 
same  angles  at  every  point  for  all  cases  with  a 
given  value  of  11'/ F,  regardless  of  the  values 
of    ir   and    V.      Hence,    there   are   provided 


bucket  angle  combinations  f<jr  a  number  of 
values  of  11'/  V,  and  that  one  is  used  which  is 
best  suited  to  a  given  stage.  The  buckets  for 
each  angle  combination  are  also  ])rovi<le(l  in 
a  ninnbcr  of  dilTercnl  radial  heights  to  suit  the 
nozzle  mouth  radial  heights.  In  this  way 
comparatively  few  bucket  shapes  can  be 
used  to  suit  any  case  without  sacrifice  of 
efficiency.  The  wheels  and  buckets  are  so 
arranged  that  the  various  combinations  are 
all  interchangeable. 

High-Pressure  Head 

Fig.  1 1  shows  high-pressure  heads  for  the 
short-arc  case.  In  this  construction  the 
steam  passes  directly  from  the  governor 
valve  to  the  nozzle.  This  construction  is 
also  shown  in  Fig.  1 .  For  cases  with  longer 
nozzle  arcs  the  high-pressure  head  carries  a 
steam  passage  w-hich  receives  the  steam  from 
the  governor  valve  and  distributes  it  to  the 
nozzles.  This  is  shown  in  Figs.  2,  'i  and  12, 
in  which  the  front  head  provides  for  nozzles 
extending  two  thirds  around  the  circum- 
ference, and  in  Fig.  4  in  which  the  front  head 
carries  nozzles  extending  entirely  around  the 
circumference. 

Low-Pressure  Head 

The  low-pressure  or  exhaust  head  is  shown 
in  Fig.  13  with  a  small  size  exhaust  opening, 
and  in  Figs.  3  and  4  with  a  large  size  exhaust 
opening. 

Governor  Valve 

There  are  a  nmnber  of  sizes  of  go\-ernor 
valves  for  successively  increasing  amounts  of 
steam  flow.  The  smaller  sizes  are  made  with 
a  turbine  end  of  two  different  constructions 
for  the  short-arc  and  the  long-arc  cases 
respectively.  The  governor  valve  for  a  short 
arc  is  shown  in  Fig.  1  and  in  the  foreground  of 
Fig.  15.  The  governor  valve  for  a  long  arc 
is  shown  in  Figs.  2  and  3,  and  in  the  rear  of 
Fig.  15.  The  largest  size  governor  valve, 
w'hich  has  very  large  steam  passages  through- 
out, is  shown  in  Fig.  4. 

Fig.  4  will  illustrate  the  capabilities  of  the 
system  of  interchangeable  parts  employed  in 
the  turbines  described  in  this  article.  It  is 
for  the  case  of  very  low  initial  pressure  and 
high  back  pressure.  There  is  a  ^•er^•  large 
steam  flow  and  a  comparatively  small  pres- 
sure drop  and  a  small  amount  of  energy 
extracted  from  each  pound  of  steam.  Hence 
the  steam  passages  leading  to  and  from  the 
wheel  must  be  quite  large,  although  the 
wheel  itself  is  quite  small.    The  largest  size  of 
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governor  valve,  high-pressure  head,  and 
exhaust  head  are  therefore  used  with  the  more 
usual  sizes  of  other  parts.  As  all  parts  are 
interchangeable,  this  combination  is  readily 
made  and  gives  a  machine  exactly  suited  to 
the  particular  conditions  under  which  it  is  to 
operate. 


Fig.  14.      Two-stage  Turbine  Casing 
Casing  and  Shafts 

Figs.  14  and  10  show  the  casing.  This  is 
simply  a  barrel  which  separates  the  high- 
pressiu-e  and  low-pressure  heads,  and  is  split 
horizontally  so  as  to  facilitate  inspection  of 
the  interior  of  the  turbine.  It  carries  the 
intermediate  buckets.  Different  lengths  of 
barrel  are  used  for  different  numbers  of 
stages.  Fig.  17  shows  shafts  which  are  also 
of  different  standard  lengths  to  suit  dif- 
ferent nmnbers  of  stages. 

Governor 

Fig.  19  shows  the  governor  which  is 
screwed  to  the  outer  end  of  the  turbine  shaft. 
The  shaft  itself  does  not  extend  through  the 
governor,  so  as  to  avoid  the  friction  of  the 
governor  spindle  sHding  in  a  hole  in  the  shaft 
as  is  common  in  many  types  of  small  turbine 
governors..  The  position  of  the  valve  with 
respect  to  the  governor  lever  can  be  altered 
by  means  of  a  hand  wheel,  and  this  gives  the 
possibility  of  var3ang  the  speed  through  an 
appreciable  range  while  the  machine  is  run- 
ning. It  also  furnishes  a  means  of  setting  the 
exact  speed  necessary  to  produce  a  given 
pump  pressure  or  the  like.  Further  change 
of  speed,  when  the  machine  is  not  running,  is 


obtained  by  altering  the  spring  tension  by 
slacking  off  the  nut  which  locks  the  governor 
spring  to  the  governor  spindle. 

The  governor  as  just  described  is  the 
system  usually  employed.  In  some  cases 
where  there  is  an  invariable  load  such  as  due 
to  direct  connection  to  a  pump  only  an 
emergency  governor  is  used  and  the  speed  is 
regulated  by  hand  adjustment  of  the  steam 
throttle.  With  this  system  it  must  of  course 
be  certain  that  with  the  least  external  load  on 
the  pump  and  the  maximum  possible  steam 
pressure  the  speed  will  not  exceed  a  safe 
value. 

In  many  cases  an  emergency  governor  is 
needed.  The  ^valve  is  shown  in  Fig.  18.  An 
extra  set  of  fiat  springs  is  bolted  to  the  back 
of  the  governor  casing,  so  arranged  that 
when  a  certain  speed  is  reached  the  springs  fly 
out  and  release  a  trigger  and  latch  which  has 
been  holding  open  a  butterfly  emergency  valve. 
This  valve  drops  of  its  own  weight,  assisted 
by  the  steam  pressure  when  the  valve  is 
nearly  closed,  and  so  positively  cuts  oft"  the 
steam.  An  emergency  goveror  is  usually 
provided  on  machines  driving  generators  and 
on  pump  machines  with  no  governors,  and  is 
also  frequently  furnished  in  other  cases.  The 
emergency  system  is  completely  separate 
from  the  regular  valve  system.  In  many 
small  turbines  the  emergency  system  con- 
sists merely  of  an  extra  spring  and  trigger 
apparatus  which  operates  on  the  regular 
steam  governor  valve.  This  is  not  a  com- 
plete emergency  system  and  in  case  of  any 
derangement  of  the  regular  governor  valA'c,  it 
would  not  be  operative.  In  other  cases  there 
is  a  butterfly  emergency  valve  which  may  not 
be  positive.  The  emergency  system  applied 
to  the  turbines  described  in  this  article  is 
distinct  from  the  regular  governor  system, 
and  will  operate  no  matter  what  derange- 
ment might  occur  to  any  part  of  the  regular 
system. 

Engineering  Design 

Extensive  sets  of  rules,  tables,  and  curves 
have  been  made  so  as  to  facilitate  the  selec- 
tion of  those  of  the  above  mentioned  parts 
which  should  be  assembled  to  give  a  turbine 
exactly  suited  to  any  given  requirements. 
These  enable  a  quick  selection  to  be  made  of 
the  sizes  of  the  various  parts  to  suit  a  given 
steam  flow  and  of  the  material  of  the  various 
parts  to  suit  the  pressures,  speeds,  and 
stresses  involved.  Means  are  also  provided 
for  the  rapid  selection  of  the  parts  needed  to 
give    the    best    possible    water    rate.      This 
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involves  the  selection  of  the  proper  stage 
pressures,  bucket  angles,  steam  energies, 
and  other  elements  of  the  mathematical 
design  of  a  turbine.  In  this  way  a  complete 
turbine  may  be  selected  from  the  parts  in  a 
very  short  time. 

The  complete  instructions  for  the  factory  are 
given  by  a  table  for  each  customer's  machine. 
The  designing  engineer  assigns  values  to  each 
of  the  items  of  this  table  from  his  data  and 
curves,  and  the  sheet  then  gives  complete 
information  to  all  of  the  factory  departments. 
There  are  no  drawings,  drawing  lists,  or  any 


other  information  required  for  the  assembly. 
The  engineering  and  shop  data  are  thus 
arranged  on  the  same  standardized  basis  as  is 
the  manufacture.  Nevertheless,  the  net 
result  is  a  turbine,  each  part  of  which  is 
suited  to  the  customer's  exact  requirements, 
just  as  if  it  were  specifically  designed  for  the 
given  requirements,  without  regard  to  use 
in  any  other  case.  At  the  same  time,  the 
individual  parts  have  been  made  in  large 
quantities  in  a  factory  especially  devoted  to 
the  purpose,  as  is  evident  from  the  photo- 
graphs. 


Fig.  19.      Dismantled  Turbii 
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IN    MEMORIAM 


Frederick  Sargent 


Krodi'ritk  S;irj;tnt, 
senior  nii'mbcr  of  the 
lirni  of  Sargent  & 
I.unily  of  (."liicago, 
and  probably  the 
most  prominent  con- 
sultinj;  engineer  in 
the  United  States 
specializing  in  the 
<k'sign  of  electric  gen- 
erating stations,  died 
on  July  26,  at  his 
home,  70  Harbor 
Street,  Glencoc,  lUi- 
'inis,  as  the  result  of 
•\  illness  contracted 
hile  he  was  on  a 
;  I  cent  trip  abroad  in 
company  with  his 
close  friend,  Mr.  Sam- 
uel Insull. 

Frederick  Sargent 
was  born  in  Liskeard, 
Cornwall,  England,  on  November  11,  1859,  which  is 
also  the  exact  date  of  the  birth  of  Samuel  Insull, 
with  whom  Mr.  Sargent  was  destined  to  become 
intimately  associated  during  practically  all  of  his 
engineering  activities.  Young  Sargent  developed 
a  decided  mechanical  bent,  and  spent  eight  years  of 
his  boyhood  and  youth  in  acquiring  mechanical 
knowledge  and  experience  in  the  great  shipbuilding 
industry  near  Glasgow.  The  young  engineer  further 
improved  his  education  at  the  night  school  of  the 
Glasgow  University. 

On  coming  to  the  United  States  about  1880,  the 
young  man  first  found  ready  employment  as  de- 
signer in  eastern  shipbuilding  3'ards  and  then  for 
the  Sioux  City  Engine  Company  of  Sioux  City, 
Iowa.  A  year  or  so  later  he  accepted  a  position 
with  E.  P.  AUis  &  Co.,  predecessors  of  the  Allis- 
Chalmers  Mfg.  Co.  Here  he  attracted  the  attention 
of  the  Western  Edison  Light  Co.,  and  in  the  fall 
of  1884  he  came  to  Chicago  and  began  his  career 
as  an  electrical  engineer. 

Succeeding  the  Western  Edison  Light  Co.,  the 
Chicago  Edison  Co.  was  formed  in  1887  and  Mr. 
Sargent  was  made  its  consulting  engineer.  He  has 
occupied  this  capacity  with  that  Company  and  its 
successor,  the  present  Commonwealth  Edison  Co., 
ever  since. 

About  1889  Mr.  Sargent  went  to  New  York  under 
contract  with  the  Edison  United  Mfg.  Co.  In 
August,  1890,  he  returned  to  Chicago  and  estab- 
lished himself  as  an  independent  electrical  and  me- 
chanical engineer.  The  firm  of  Sargent  &  Lundy  was 
formed  in  1891,  Mr.  Sargent  being  the  senior  partner 
from  its  organization  to  the  time  of  his  death. 

In  1891  and  1892  Mr.  Sargent  was  consulting 
electrical  engineer  for  the  World's  Columbian 
Exposition  of  Chicago,  and  he  designed  the  power 
plant  of  the  great  World's  Fair  in  1893. 

The  plans  for  the  machinery  layout  of  the  original 
Edison  Central  Station  in  Chicago  were  made  by 
Mr.  Sargent;  and  the  Harrison  Street,  Fisk  Street, 
Quarry  Street,  and  Northwest  Stations  were  de- 
signed by  him. 

Mr.  Sargent's  engineering  work,  however,  was 
not  confined  to  Chicago.  He  was  consulting  engineer 
for  many  of  the  important  electric  light  and  power 
companies  throughout  the  country.  He  designed 
the  great  combined  Central  Power  Station  of  the 
American  Gas  &  Electric  Co.  and  the  West  Penn 
Power  Co.,  located  on  the  Ohio  River  north  of  Wheel- 


ing, VV.  Va.,  the  great  new  station  of  the  Union  Ga« 
it  ICIeclric  Co.  at  Cincinnati,  and  also  the  new  sta- 
tion for  the  Kansas  City  Light  &  Power  Co. 

During  the  recent  war  Mr.  Sargent  was  consulting 
engineer  for  the  power  station  of  the  Edgcwood 
Arsenal  at  Edgewood,  Md.,  and  also  consulting 
engineer  for  the  United  States  Government  in  other 
war-time  projects  demanding  the  application  of 
power  on  a  large  scale. 

In  his  profession  Mr.  Sargent  was  noteworthy  for 
the  clear  vision  and  strong  common  sense  with  which 
he  grappled  with  the  essentials  of  an  engineering 
problem.  He  was  simple,  clear,  direct,  and  practical. 
He  was  a  man  of  broad  outlook,  tolerant,  modest, 
seeking  results  rather  than  to  uphold  theories.  And 
he  was  eminently  successful  in  obtaining  results,  for 
his  electrical  generating  stations  were  milestones  of 
achievement  in  the  economical  production  of  elec- 
trical energy.  He  stood  in  the  front  ranks  of  those 
men  who  have  made  electricity  cheap  for  the  people 
— an  every-day  necessity  in  the  homes  and  factories 
of  the  United  States. 

Mr.  Sargent  had  an  exceptionally  keen  and  active 
intellect,  and  a  vigorous  and  forceful  personality. 
He  was  a  man  of  absolute  integrity  and  fearless 
independence  and  high  idealism  in  his  work.  He 
had  an  infallible  intuition  regarding  engineering 
and  scientific  matters,  and  the  responsible  men  in 
the  companies  for  which  he  was  doing  his  engineering 
learned  to  place  the  utmost  confidence  in  his  judg- 
ment. He  had  a  remarkable  combination  of  extreme 
daring  and  careful  conservatism. 

He  was  a  member  of  several  societies  and  clubs. 
including  the  American  Society  of  Mechanical 
Engineers,  Western  Society  of  Engineers,  University 
Club,  Chicago  Yacht  Club  and  Skokie  Country 
Club,  and  the  Engineers'  Club,  New  York. 

Mr.  Sargent  was  married  to  Miss  Laura  S.  Sleep 
at  Sioux  City,  Iowa,  in  1885.  The  widow,  one 
daughter.  Miss  Dorothy  Sargent,  and  two  sons, 
Chester  Sargent  and  Ralph  Sargent,  survive.  The 
funeral  services  were  held  on  July  28,  at  the  family 
residence,  the  burial  being  in  Sioux  City,  Iowa. 

AN  APPRECIATION 

"A  great  man  has  fallen!"  A  great,  kind,  gen- 
erous, lovable  man  has  gone.  Not  America  alone, 
but  the  World  is  poorer.  Frederick  Sargent  was  an 
International  Authority  in  the  engineering  pro- 
fession. The  many  telegrams  of  sympathy  voice 
the  thought — that  his  loss  is  irreplaceable.  His 
wonderful  genius  was  an  inspiration.  The  respect 
for  his  profound  knowledge  was  universal.  His 
generous  heart  won  friends  alike  among  the  men  who 
had  millions  to  spend  on  engineering  projects  and 
among  the  men  who  came  to  him  for  advice  in  time 
of  trouble.  Perhaps  the  greatest  of  aU  his  gifts  was 
that  of  making  and  keeping  friends. 

Our  first  thought  is  of  the  calamity  that  has 
fallen  upon  the  engineering  profession  where  his 
idealism  and  his  vision  were  wrought  into  practical, 
workable,  harmoaious  details  that  made  him  a  very 
genius  in  engineering.  Those  who  were  amazed  at 
his  daring  became  ardent  believers  in  his  power  of 
achievement.  His  was  a  dominating  figure  in  the 
engineering  world.  An  Englishman  by  birth,  most 
of  his  life  was  spent  in  this  country  and  his  intense 
patriotism  found  expression  in  his  generous  gifts 
and  his  untiring  devotion  to  the  Government  when 
his  counsel  and  services  were  sought  in  war-time 
projects.  Who  shall  circumscribe  the  power  and 
inspiration  of  such  a  life? 

J.\MES  LyM.\N. 
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Secondary  Connections  for  Constant-current 
Transformers 

SINGLE  CIRCUIT  VS.  MULTI-CIRCUIT 

By  L.  Arnold 
Transformer  Department,  General  Electric  Company,  Lynn,  Mass. 

The  single  circuit  connection  possesses  the  advantage  that  no  ground  or  combination  of  grounds  can 
damage  the  transformer,  while  at  the  same  time  the  line  is  insulated  for  full  circuit  voltage.  The  multi-cir- 
cuit connection  has  certain  advantages  under  normal  operating  conditions,  but  in  case  of  unequal  loading  the 
voltage  to  ground  may  greatly  exceed  that  for  which  the  line  was  constructed,  and  in 'case  of  grounds  it  is 
possible  to  burn  out  one  half  of  the  secondary  winding.  The  liability  of  this  trouble  is  also  always  present  in 
the  multi-circuit  connection. — Editor. 

single  circuit  transformer  of  equal  kilowatt 
capacity,  and  built  for  the  same  secondary 
current.  If,  however,  the  circuits  are  not 
equally  loaded,  or  if  the  line  opens  and 
grounds  at  the  same  time,  this  condition 
ceases  to  exist. 


The  question  of  the  relative  advantage  of 
the  single  circuit  connection  and  the  multi- 
circuit connection  on  the  secondaries  of  con- 
stant-current transformers  comes  up  periodi- 
cally. The  standard  practice  of  the  General 
Electric  Company  is  to  recommend  the  single 
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circuit  secondary,  and  if  two  separate  lamp 
circuits  are  desired,  to  split  these  two  circuits 
at  the  panel  board.  Other  manufacturers, 
however,  recommend  the  mtdti-circuit  con- 
nection with  the  two  lamp  circuits  placed 
between  the  two  halves  of  the  transformer 
secondary  winding,  and  in  a  number  of  cases 
customers  are  operating  this  multi-circuit 
connection  without  serious  difficulty.  In  the 
face  of  these  facts  our  attitude  on  this  subject 
has  often  been  criticised  as  arbitrary  and 
illogical. 

It  is  perfectly  true  that  ivilh  the  tivo  circuits 
equally  loaded  and  all  conditions  normal,  the 
voltage  between  line  and  ground  on  a  multi- 
circuit transformer  is  approximatehr  one  half 
the  voltage  between  line  and   ground  on  a 


//  the  circuits  are  unequally  loaded,  that  is, 
if  there  is  a  heavy  load  on  one  circuit  and  a 
light  load  on  the  other,  the  voltage  to  ground 
on  the  heavil}'  loaded  circuit,  with  multi- 
circuit connection,  becomes  greater' than  half 
of  the  voltage  to  ground  on  the  single  circuit 
connection,  and  tends  to  approach  the  voltage 
to  ground  on  the  single  circuit  connection,  in 
proportion  as  the  load  on  the  two  circuits 
becomes  more  and  more  unequal.  That  is,  on 
a  multi-circuit  connection  with  75  per  cent 
of  the  load  on  one  circuit  and  25  per  cent  of 
the  load  on  the  other  circuit  the  voltage  to 
ground  on  the  hea\'ily  loaded  circuit  would  be 
75  per  cent  of  the  voltage  to  ground  with  a 
single  circuit  connection.  The  limit  would 
be  reached   on   the  multi-circuit   connection 
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when  all  the  l.i;ni  had  been  transferred  to  one 
circuit  ami  llir  other  circuit  short  circuited, 
in  which  case  ilie  \iiltat;e  to  j^round  would  he 
identical  with  the  two  connections.  See 
Fig.  1. 

If  the  line  opens  and  grounds  at  the  same 
time,  the  voltage  between  line  and  ground 
becomes  the  same  for  both  connections,  being 
simply  the  open  circuit  voltage  of  the  trans- 
former. This  condition  of  the  line  opening 
and  grounding  at  the  same  time  is  fully  pos- 
sible if  the  line  breaks  and  one  end  falls  to 
the  ground  or  drojjs  into  a  tree.  In  this 
case,  with  the  line  open  there  is  no  current 
flowing  in  any  part  of  the  secondary  circuit, 
and,  with  a  multi-circuit  connection,  the 
circuit  which  has  not  opened  becomes  merely 
a  connection  between  two  transformer  wind- 


Co// 


-VWV^VN/V- 


of  the  transformer.  With  this  connection  an 
external  line  is  connected  If)  each  end  of  each 
of  the  two  secondar\'  windings  of  the  trans- 
former. A  ground  on  each  of  the  two  lines 
running  from  the  same  secondary  winding, 
occurring  clo.se  to  the  station,  practically 
]juts  a  sh(jrt  circuit  across  this  winding  with- 
out short-circuiting  the  other  winding.  The 
two  secondary  windings  are  mechanically 
connected  and  must  move  together.  The 
winding  which  is  not  short  c-ircuited  will 
attemjH  to  regulate  and  carrA-  the  load.  As 
a  result  we  shall  have  a  heavy  current  in 
the  secondar}-  winding  which  is  short  cir- 
cuited, and  a  current  less  than  normal  in  the 
other  secondary  winding,  with  the  result  that 
the  short  circuited  winding  will  burn  out. 
This  we  have  found,  by  investigation,   has 


^ 


ings  in  series,  each  one  supplying  its  own 
open  circuit  voltage.  In  other  words,  the 
circuit  which  is  not  opened  becomes  nothing 
more  than  the  connection  between  the  two 
halves  of  the  secondary  coil  in  a  single  circuit 
transformer.     See  Fig.  2. 

Under  the  two  conditions  referred  to  above 
if  the  operator  has  installed  cables,  or  lines 
based  on  normal  conditions,  and  has  di\'ided 
the  circuits  approximately  equally  on  a 
multi-circuit  connection,  he  is  very  likely  to 
have  trouble  as  the  strain  to  ground  may 
become  more  than  double  the  voltage  for 
which  he  has  laid  out  his  external  circuits. 

Furthermore,  with  a  multi-circuit  connec- 
tion it  is  possible  to  get  two  grotinds  which  will 
burn  out  one  half  of  the  secondarv  winding 


actually  happened  in  several  cases,  and  has 
probably  been  the  cause  of  other  unexplain- 
able  burnouts.  With  a  single  circuit,  or  with 
the  circuit  split  on  the  switchboard,  there  is 
no  combination  of  grounds  on  the  line  which 
can  damage  the  transformer  or  do  more  than 
shunt  out  one  or  more  lamps.    See  Fig.  3  and 

The  multi-circuit  connection  has  certain 
advantages  under  normal  operating  condi- 
tions and  an  operator  may  be  willing  to 
take  a  chance  that  his  conditions  will 
always  be  normal,  in  order  to  reduce  the 
cost  of  line  construction;  but  attention 
should  be  directed  to  these  points,  how- 
ever, in  order  that  his  choice  maj-  be  based 
on  the  facts. 
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Water  Japan 

By  Wheeler  P.  Davey 
Research  Laboratory,  General  Electric  Company 

The  fire  risk  attendant  upon  the  use  of  inflammable  solvents  in  the  usual  baking  japan  process  led  to  the 
development  of  the  water  japan  process.  Water  japan  is  a  stable  emulsion  of  japan  base  in  water.  Dr.  Davey 
describes  below  the  characteristics  of  this  emulsion  and  the  electric  dip  and  the  hot  dip  methods  of  apply- 
ing it — Editor. 


Baking  japan,  as  it  is  ordinarily  used  in 
industry,  consists  of  a  "base"  and  a  "solvent." 
The  base  contains  one  or  more  of  the  various 
asphalts,  together  with  one  or  more  siccative 
oils  such  as  linseed  oil  or  china-wood  oil.  The 
finished  base  is  a  tough  rubbery  mass  which 
looks  much  like  tar.  It  is  the  office  of  the 
solvent  to  dilute  this  base  to  a  liquid,  so  that 
the  metal  may  be  easily  coated  with  the 
desired  amount  of  japan  base.  The  solvents 
in  common  use  are  naptha,  kerosene,  and 
similar  products.  The  use  of  such  solvents 
entails  a  considerable  fire  risk,  especially  in 
the  oven  in  which  the  japanned  metal  is 
baked.  It  was  to  eliminate  this  fire  risk  that 
"water  japan"  was  developed. 

Water  japan  consists  of  an  emulsion  of 
japan  base  in  water.  By  this  is  meant  that 
an  enormous  number  of  tiny  ultra-micro- 
scopic globules  of  japan  base  float  around  in 
the  water  japan  in  much  the  same  way  that 
globules  of  butter  fat  swim  around  in  ordinary 
sweet  cream.  The  diameter  of  the  globules  is 
about  0.00001  inch.  The  emulsion  is  per- 
manent, showing  no  tendency  to  settle  out 
even  after  several  months.  It  may  be 
strained  in  the  same  manner  as  ordinary  japan 
and,  if  desired,  may  be  cleaned  in  a  com- 
mercial clarifier  of  proper  design.  Since 
water  is  the  "solvent,"  the  losses  due  to 
evaporation  are  negligible,  especially  if  the 
japan  is  kept  cool.  Scum  will  not  form  on 
the  surface  if  the  temperature  of  the  liquid 
is  kept  below  100  deg.  F.  (38  deg.  C).  After 
the  water  japan  is  baked,  it  is  quite  insoluble 
in  water.  The  range  of  concentration  which 
may  be  successfully  used  is  very  great,  so  that 
little  supervision  is  required. 

The  viscosity  of  water  japan  is  much  less 
than  that  of  the  same  base  dissolved  in 
kerosene  or  similar  solvents.  There  is  a 
possibility  that,  in  the  future,  methods  may 
be  worked  out  by  which  the  viscosity  of  water 
japan  will  be  so  adjusted  that  metal  may  be 
coated  with  water  japan  by  dipping  in  the 
same  way  as  with  ordinary  japan.  However, 
the  advantages  of  employing  certain  entirely 
difl'erent  methods  of  applying  the  japan  base 
to  metal  before  baking  seemed  great  enough 


to  justify  their  development.  They  all  have 
this  feature  in  common — the  japan  base  is 
deposited  on  the  metal  in  a  solvent-free 
condition.  In  this  way,  the  behavior  of  the 
japan  in  the  baking  oven  depends  entirely  on 
the  characteristics  of  the  japan  base  employed 
so  that  "secondary  drip"  is  rendered  negh- 
gible.  These  methods  of  applying  water 
japan  are  given  in  detail  below. 

The  Electric-dip 

The  electric-dip  method  is  adapted  to  small 
odd  jobs  of  japanning  rather  than  to  quantity 
production.  The  water  japan  is  put  in  an 
iron  tank  which  is  connected  to  the  negative 
terminal  of  a  direct-current  circuit.  The  metal 
to  be  coated  is  connected  to  the  positive 
terminal  of  the  circuit.  Since  the  globules  of 
base  in  the  water  japan  carry  negative  charges, 
the  base  will  be  attracted  to  the  positively 
charged  metal.  The  water  is  left  behind,  so 
that  the  metal  is  covered  with  a  thin  film  of 
japan  base,  free  from  solvent.  This  film 
possesses  some  insulating  properties  even 
before  baking,  so  that,  as  soon  as  the  most 
exposed  portions  of  the  metal  are  coated, 
deposition  starts  in  whatever  holes  and 
recesses  may  still  be  bare.  The  thickness  of 
the  deposit  of  base  depends  upon  the  product 
of  the  current-density  and  the  time.  Using  a 
125-volt  circuit,  the  time  required  for  a  satis- 
factory coat  is  about  23^  seconds.  In  using 
the  electric-dip  method  no  special  voltage  is 
necessary.  The  work  is  connected  directly 
across  a  direct-current  line  of  high  current 
carrying  capacity  without  series  resistance,  so 
that  the  current  flowing  will  be  proportional 
to  the  area  to  be  covered.  The  current  on  125 
volts  will  average  about  0.8  ampere  per  square 
inch  of  surface  to  be  covered.  Due  to  the  polar- 
ization effect,  the  current  is  higher  at  the 
instant  the  circuit  is  closed  than  at  the  moment 
of  breaking.  Time  is  most  conveniently 
measured  by  means  of  a  time  switch  con- 
nected to  a  relay.  Accidental  short  circuits 
are  prevented  by  a  wooden  grating  on  the 
sides  and  bottom  of  the  tank.  It  is  absolutelv 
necessary  that  the  surfaces  of  the  metal  to  be 
coated  be  free  from  urease  or  other  insulating 
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inaU'riiil.  Duriiij;  llir  time  llu'  japan  hasr 
is  l)(.'iiij,'  dcixisilod,  Uio  niclal  should  be  sul)- 
nHM\i;ocl  at  least  two  inches  i)elo\v  the  surface 
t)f  the  water  jai)an  so  as  to  allow  it  to  lie  in 
apijroximately  uniform  electric  field.  Only 
one  coat  can  be  ^'i\cii  by  the  electric-dip 
l)rocess  as  baked  water  japan  acts  as  an 
insulator. 

The  Hot-dip 

The  hot-dip  method  is  adapted  to  work  with 
large  quantities  of  small  castings,  punchings, 
etc.,  where  it  is  essential  that  the  labor  cost 
be  kept  at  a  minimum.  The  metal  to  be 
japanned  is  placed  in  wire  baskets  and  heated 
in  an  oven  to  a  temperature  of  about  500  deg. 
F.  (2G0  deg.  C).  It  is  then  cooled  to  about 
400  deg.  F.  (200  deg.  C.)  and  quickly  plunged 
into  the  cold  water  japan.  The  japan  base 
leaves  the  water  and  collects  in  a  film  on  the 
surface  of  the  metal.  After  the  basket  has 
remained  in  the  water  japan  about  ten 
seconds  it  is  removed,  drained  for  about  30 
seconds,  and  placed  in  the  baking  oven, 
where  it  is  baked  in  the  usual  manner. 
After  baking,  the  basket  is  emptied  into 
storage  boxes.  The  baskets  may  be  handled 
entirely  by  chain-falls  or  an  air-hoist, 
so  that  upwards  of  100  lb.  of  metal  can  be 
handled  at  once.  Except  when  the  pieces  of 
metal  to  be  coated  are  very  small,  reinforced 
baskets  of  3^-in.  mesh  wire  screen  are  suitable. 
The  metal  is  often  shoveled  directly  into  these 
baskets,  especially  if  it  is  in  the  form  of  small 
irregular  castings  or  punchings.  In  some 
cases,  however,  it  is  advantageous  to  pack  the 
contents  of  the  baskets  systematically,  either 
for  the  sake  of  getting  in  a  greater  number  of 
large  pieces  or  of  determining  where  the 
points  of  contact  from  piece  to  piece  shall  be. 
There  is  no  handling  of  the  indi\'idual  pieces 
from  the  time  the  basket  is  filled  until  it  is 
finally  emptied  into  the  storage  box.  Pre- 
heating was  originally  developed  as  a  cheap 
method  of  cleaning  grease  and  oil  from  metal 
before  japanning.  It  is  especially  useful  on 
steel  punchings,  and  on  brass,  copper  and 
aluminum.  Most  grease  of  this  sort  is 
thoroughly  cleaned  off  if  the  metal  is  heated 
to  a  temperature  of  500  deg.  F.  (260  deg.  C.) 
and  kept  there  for  a  half  hour.  It  was  soon 
found  that  if  this  preheated  metal  was 
quickly  plunged  into  water  japan  while  stUl 


hot  (250  to  KIO  deg.  I'.)  that  the  heat  in  the 
metal  had  the  same  effect  as  the  electricity 
in  the  electric-dip  jirocess  in  causing  the 
japan  base  to  adhere  to  the  metal  leaving  the 
water  behind.  There  was  this  additional 
advantage,  that  the  surface  of  jai^an  base 
immediately  in  contact  with  the  metal 
started  to  bake  from  the  residual  heat  of  the 
metal,  thus  tending  to  insure  good  adhesion. 

In  case  the  metal  to  be  coated  has  flat 
faces,  there  is  a  chance  that  two  flat  faces  may 
lie  together  so  that  neither  of  them  would  get 
a  satisfactory  coat.  This  may  easily  be 
obviated  by  dumping  the  hot  contents  of  the 
basket  into  the  water  japan,  catching  the 
metal  in  another  basket  below. 

Due  to  the  fact  that  there  is  practically  no 
"secondary  drip"  with  water  japan  the  scars 
due  to  the  contact  of  one  piece  with  the  edge 
of  another  in  the  basket  are  negligible. 
After  baking,  the  baskets  are  usually  emptied 
by  turning  them  upside  down.  In  case  it  is 
desired  to  give  more  than  one  coat  of  japan, 
the  basket  is  taken  out  hot  from  the  baking 
oven  and  at  once  dipped.  It  is  then  put  back 
to  be  rebaked. 

Conclusion 

In  using  ordinary  japan,  the  thickness  of 
coat  depends  upon  the  \-iscosity  of  the  japan. 
This  is  measured  in  terms  of  its  density  as 
shown  by  a  hydrometer.  In  none  of  the 
foregoing  methods  described  for  using  water 
japan  has  the  A-iscosity  been  an  important 
factor.  Instead,  the  emphasis  is  placed  upon 
the  concentration  of  japan  base  in  the  liquid. 
Even  here,  the  limits  are  quite  wide  for  the 
maximum  permissible  concentration  is  about 
twice  the  minimum.  For  convenience,  a 
concentration  meter  has  been  designed  by 
which  the  concentration  may  be  easUy 
measured  directly.  The  base  is  coagulated 
from  a  known  amount  of  water  japan  b}'  a 
solution  of  Fe  Ck,  Ca  Ch,  or  a  mixture  of 
them.  The  Ivmip  of  base  is  freed  from  water 
inclusions  and  is  then  weighed.  This  appara- 
tus is  very  compact  and  requires  as  Uttle 
supervision  as  the  water  japan  itself. 

It  is  a  pleasure  to  express  my  appreciation 
to  Buell  Smith  for  his  first  work  on  the  hot- 
dip  method  and  to  H.  Chislet  for  his  work  in 
extending  this  process  to  its  present  state  of 
development. 
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Methods  for  More  Efficiently  Utilizing  Our 
Fuel  Resources 

PART  XXX.     NATURAL  GAS 

By  Samuel  S.  Wyer 

Consulting  Engineer,  Columbus,  Ohio. 

Recently  in  Charge  of  Natural  Gas  Conservation; for  United  States  Fuel  Administration 

Natural  gas  deserves  to  be  considered  the  most  valuable  of  our  mineral  fuels  because  it  occurs  in  nature  as  a 
refined  product  ready  for  efficient  utilization.  (Petroleum  must  be  refined  to  separate  the  components  before  it 
can  be  efficiently  utilized,  and  this  is  also  true  of  the  high  volatile  coals.  Solid  fuels  require  either  hand  labor 
for  firing  or  mechanical  equipment  for  stoking  or  pulverizing.)  Natural  gas  has  been  so  easily  tapped  and 
burned  that  it  has  been  the  least  appreciated  and  as  the  result  of  abusive  use  we  shall  in  a  very  few  years  lose  its 
services  if  the  situation  is  not  remedied.  This  installment  of  our  Fuel  Series  treats  of  the  production,  trans- 
mission, and  distribution  of  this  gaseous  fuel;  and  the  following  installment  will  discuss  its  waste  and  conserva- 
tion. Both  installments  were  abstracted  from  Bulletin  102,  Part  7,  of  the  United  States  National  Museum, 
Smithsonian  Institution. — Editor. 


PRODUCTION 
How  Natural  Gas  is  Mined  and  Served  to  the  Con- 
sumer 

The  first  step  is  the  securing  of  the  lease  or 
right  to  prospect  for,  remove,  and  market 
natural  gas.  This  lease  must  usually  be 
secured  and  held  for  a  number  of  years — on 
the  optimistic  faith  that  it  may  contain  gas — 
prior  to  beginning  actual  development  work. 

The  unknown  underground  supplies  of 
natural  gas  are  found  by  drilling.  To  protect 
the  hole,  an  iron  pipe — called  a  "casing" — is 
driven  down  into  the  rock  formation  always 
found  above  the  gas-bearing  sand  rock.  A 
plugging  device  known  as  a  "packer"  is 
fastened  in  the  casing  or  hole  in  the  rock, 
immediately  above  the  gas  formation,  and 
the  gas  by  virtue  of  its  inherent  expansive 
tendency  then  comes  to  the  surface — usually 
about  one  half  mile  above — through  tubing, 
as  shown  in  Fig.  1,  and  forces  itself  into  the 
transmission  lines. 

As  the  gas  travels  the  pressure  must  drop 
and  this  necessitates  the  installation  of  gas 
compressors.  When  the  gas  reaches  the 
distributing  plant  it  passes  into  the  medium 
pressure  lines  in  the  city  and  the  pressure  is 
then  in  turn  reduced  to  the  low-pressure  lines, 
where  it  travels  through  the  mains  at  probably 
5-ounce  pressure  to  the  square  inch  then, 
through  the  service  line,  consumer's  meter, 
and  ultimately  is  burned  at  the  constimer's 
fixtures. 

These  steps  present  an  unbroken  chain  of 
service  features,  from  the  reserve  acreage  in 
the  field — that  must  be  carried  in  order  to 
permit  of  future  driUing  operations,  and 
future  service — to  the  consumer's  fixtures, 
with  this  additional  feature,  that  when  the 
gas  passes  the  consumer's  meter  it  becomes 


his  personal  property  and  he  can  do  with  it 
what  he  pleases. 

Reserve  Acreage 

Based  on  the  United  States  Geological 
Survey  statistics  for  1916,  natural  gas  pro- 
ducers in  this  countrjr  carry  an  a'verage  of 
31.3  acres  for  each  producing  well,  in  their 
attempt  to  provide  as  far  as  possible  con- 
tinuity of  service  to  their  customers.  How- 
ever, this  average  will  vary  with  different 
fields  and  localities.  In  West  Virginia  the 
United  Fuel  Gas  Co.  in  1917  carried  12-52 
acres  to  the  producing  well. 

While  natural  gas  wells  are  frequently 
drilled  on  tracts  of  less  than  an  acre  in  area, 
by  small  producers  intent  only  on  getting  the 
gas  out  in  the  fastest  possible  manner,  the 
future  continuity  of  ser\dce  to  the  gas-using 
public  is  possible  onlj^  by  the  carr^-ing  of 
reserve  acreage. 

Definition  of  Natural  Gas 

Natural  gas  is  a  mechanical  mixture  of 
several  combustible  and  diluent  gases  and 
vapors,  the  number  and  exact  proportion  of 
the  various  constituents  varj-ing  for  the 
different  localities  and  somewhat  during  the 
working  lives  of  individual  wells. 

Natural  gases  coming  from  the  ground 
may  be  classed — according  to  their  gaso- 
lene vapor  content — into  two  main  groups, 
namely : 

1.  Wei  gas. — This  is  gas  intimately  associ- 
ated with  oil,  usually  produced  with  oil,  and 
is  ordinarily  known  as  casing  head  natural 
gas.  It  is  collected  by  means  of  a  metal  head 
— called  "  braden-head  " — ^connecting  the  cas- 
ing \vith  the  tubing,  as  shown  by  the  dotted 
lines  at  the  top  of  Fig.  1. 


Mi'TiidDs  i~<)k  Moki:  i:ii'i(ii:.\'i'i.\'  r'l'ii.izixc  (Hk  iri;L  kiiSOURriiS    o.'}? 


2.  Prv  t^iis.  'I'his  is  j;as  not  iiilimati'ly 
assoc'iaU'd  with  oil,  Init  m<iy  nevertheless 
contain  )j;asolene  vapors.  The  term"<1r\'" 
does  not  refer  to  water  vapor  that  may  he 
carried  by  the  j;as,  hut  rather  to  llie  jjasolene 
vapor,  and,  furlherniore,  this  is  a  relative 
term  since  a  strict h-  dry  {;as  would  he  one 
containinjj  no  gasolene  vapors. 

The  word  "natural "  came  into  use  probably 
as  contrasted  with  manufactured  gas,  and 
appears  to  have  given  a  fallacious  imjiression 
that  natural  gas  was  a  free  and  unlimileil 
resource.  The  misconcejjtion  regarding  its 
position  has  arisen  from  failing  to  appreciate 
that  man  creates  no  new  matter  and  can 
merely  get  the  materials  of  nature  ready  for 
consumption. 

Origin  or  Formation  of  Natural  Gas 

How,  when,  and  where  the  constituents  of 
natural  gas  were  formed  is  not  definitely 
known.  For  our  ])urpose  we  need  not  bother 
about  the  various  theories  that  have  been 
propounded  regarding  the  origin  or  formation 
of  petroleum  generally  or  natural  gas  con- 
stituents in  particular.  That  is,  whether  these 
constituents  originated  from  cosmic,  organic, 
inorganic,  animal,  vegetable,  volcanic,  animal 
bacterial,  plant  bacterial,  diatomic,  or  fatty 
algal  sources  is  not  germane. 

The  facts  are  that  we  have  in  natural  gas  a 
substance  made  up  of  mixtures  of  widely 
varying  constituents  for  different  natural  gas 
fields.  Some  of  these  natural  gases  are  wet, 
while  others  are  dry;  some  are  high  in  heating 
value,  while  others  are  low,  and  some  are 
heavy,  while  others  are  light  in  weight. 

Gas  Sand  or  Gas  Rock 

In  no  case  is  the  gas  found  in  rooms, 
caverns,  or  large  cre\-ices,  as  popularly 
supposed.  "The  oil  and  gas  sands  are  simply 
very  porous  rocks  which  contain  not  only  one 
great  ca\4ty,  but  millions  upon  millions  of 
small  or  microscopic  ca\-ities,  so  that  the  oil, 
gas,  water,  or  all  three  together,  it  ma}-  be, 
occupy  these  numerous  little  spaces,  and  thus 
saturate  the  rock.  The  larger  these  pores  are, 
and  the  greater  the  volume  they  occupy  in 
proportion  to  the  volume  of  the  rock  mass, 
the  greater  will  be  the  contained  oil  or  gas 
supply,  and  this  proportion  in  fairly  good 
producing  sands  usually  varies  between 
one  fifth  and  one  tenth."*  The  degree  of 
compression  employed  b\'  nature  in  the 
formation  process  determined  the  intensity  Of 
the  resulting  pressure  in  the  reserv^oir.     The 

*  I.  C.  White.  West  Virginia  Geological  Survey,  vol.  1.  p.  loo. 


rock  |)rcssure  and  volume  must  decline  as  gas 
is  removed. 

Food  and  trees  can  be  grf)wn.  Water 
supplies  are  constantly  replenished  by  nature, 
hut  there  is  no  regeneration  in  natural  gas; 
and  when   the  gas  is  once  used  it  is  gone 
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Fig.  1.     Cross  Section  of  a  Natural  Gas  Well  showing  the 
Method  Adopted  for  Collecting  the  Gas 

forever.  While  no  one  knows  exactly  how 
natural  gas  is  formed,  yet  enough  facts  are 
known  about  it  to  indicate  that  nature's 
process  was  a  very  slow  one.  It  has  taken 
millions  of  years  to  make  the  present  concen- 
trated supplies. 

Geological  Indications 

While  earth  structure  is  the  essential 
element  in  the  accumulation  of  large  quan- 
tities of  natural  gas  or  oil,  geological  science 
is  a  directional  indicator  only,  and  not  a 
guarantor  of  commercial  results.  While 
surface  conditions  may  be  indicative,  the 
question    of    underground    location    can    be 
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established  by  the  drill  alone.  Even  the 
presence  of  gas  sand  is  not  necessarily  an 
indication  of  the  presence  of  gas,  as  man}' 
dry  holes  show  the  full  sand  formation, 
without  any  gas  in  the  sand. 
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Fig.  2.      Decline  in  the  Natural  Gas  Resources  of 

West  Virginia  based  on  data  compiled  by 

the  U.  S.  Geological  Survey 

Storage 

Storage  facilities  for  natural  gas  are  not 
commercially  feasible  in  the  field  nor  at  the 
delivering  end  of  the  transmission  line,  except 
the  very  limited  use  of  gas  holders  in  dis- 
tributing plants.  The  large  variation  in 
service  demands  must  therefore  be  met  by 
the  wells  and  reserve  acreage.  That  is,  the 
entire  field  operations  must  be  sub-ordinated 
to  the  peculiar  service  demands  made  on  the 
natural  gas  company.  An  interesting  contrast 
with  these  stringent  operating  conditions  is 
the  large  storage  equipment  in  acres  of  tank 
farms  that  may  be  used  to  equalize  the  load 
in  the  oil  industry. 

Well  Capacity 

The  natural  gas  well  capacities  that  are 
given  to  the  public  are  always  the  open  flow 
capacity;  that  is,  the  capacity  of  the  well  in 
24  hours  when  discharging  freely  into  the 
atmosphere.     This  is  misleading,  and  comes 


far  from  representing  the  true  service  capacity, 
under  operating  conditions,  of  any  gas  well, 
because : 

1.  The  first  open  flow  measurements  are 
nearly  always  made  by  the  drillers,  who  do 
not  have  the  facilities  to  make  an  accurate 
test,  and  the  errors  are  invariably  on  the  side 
of  a  capacity  larger  than  the  actual  facts. 
The  volume  is  determined  immediately  after 
the  well  comes  in,  and  is  therefore  larger  than 
it  would  be  several  days  afterward,  on  account 
of  the  fact  that  the  well  has  not  been  drawn 
upon. 

2.  It  is  not  possible  to  keep  a  well  in 
service  24:  hours,  day  in  and  day  out.  For 
variotis  reasons,  such  as  repairs,  salt-water 
troubles,  etc.,  it  is  necessary  to  rest  the  wells 
at  intervals. 

3.  The  wells  must  discharge  against 
considerable  back  pressure. 

4.  Based  on  actual  operating  tests,  it  has 
been  determined  that  25  per  cent  of  the  open 
flow  capacity  is  about  all  that  can  be  delivered 
from  the  average  natural  gas  well.  It  must 
also  be  borne  in  mind  that  the  open  flow 
capacity  will  constantly  decrease  with  the 
removal  of  gas  from  the  well. 

5.  As  the  rock  pressure  declines  it  will  be 
necessary  to  install  compressing  stations  in 
order  to  transmit  the  gas  through  the  main 
transmission  line. 

Migratory  Nature  of  Natural  Gas 

On  account  of  its  inherent  tendency  to 
expand  it  is  capable  of  flowing  from  place  to 
place  in  the  underground  reservoir,  or  of  being 
drawn  off  by  wells  penetrating  the  natural 
reservoir  at  any  point.  Therefore,  when  one 
owner  of  the  surface  overlying  the  common 
reservoir  exercises  his  right  to  remove  natural 
gas  the  amount  available  to  other  owners  of 
the  surface  in  contiguous  territory  must 
diminish. 

Quality    and    Quantity    of    Natural    Gas    Fixed    by 
Nature 

The  quantity  is  always  uncertain  and  the 
quality  may  vscny  through  a  small  range  for 
the  different  fields.  However,  it  is  not 
commercially  feasible  to  attempt  to  correct 
variation  in  quality  by  any  artificial  means 
and  furnish  a  gas  that  is  imiform,  as  may  be 
done  in  an  artificial  gas  plant,  for  the  simple 
reason  that  the  cost  of  doing  this  would  be 
much  more  than  the  additional  worth  of  the 
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Scarcity  of  Natural  Gas 

The  miniber  of  naliiral  ^as  consuincrs  is 
iiicreasiiif;  faster  than  the  luitnher  of  produc- 
iiifj  wells,  thus  placing  an  addititJiial  hunicii 
on  each  well,  and  the  wells  that  arc  heinj,' 
drilled  at  the  present  tinac  have  a  lower 
average  caiJacity  than  wells  tiiat  were  drilled 
several  years  ago. 

The  decline  in  average  acres  land  held  per 
natural  gas  well  and  average  delivering 
capacity  per  natural  gas  well  for  the  entire 
slate  of  West  Virginia  is  shown  in  Fig.  2. 

The  decline  in  number  of  acres  for  a  natural 
gas  well  of  the  United  States  Steel  Corpora- 
tion, operating  under  the  name  of  the  Car- 
negie Natural  Gas  Co.,  in  West  Virginia,  is 
shown  in  Fig.  3. 

For  another  operating  company  represent- 
ing nearly  40  per  cent  of  the  state's  production 
we  have  the  following: 

1.  Number  of  acres  natural  gas  land 
owned  to  a  domestic  consumer  decreased 
from  three  acres  in  1910  to  two  acres  in  1917. 
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Fig.  3.     Use  of  West  Virginia  Natural  Gas  for  Making  Steel 
by  the  U.  S.  Steel  Corporation 

2.  The  average  open  flow  capacity  of  new 
wells  drilled  declined  from  1200  M*  in  1913 
to  700  M  in  1917. 


3.  The  average  annual  production  to  a 
well  declined  from  3(500  M  in  1910  to  2200  M 
in  1917. 

•I.  The  number  of  d(jmcslic  consumers 
that  could  be  served  by  each  producing  well 
declined  from  2.")0  in  1910  to  170  in  1917. 
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Fig.  4.     Natural  Gas  Exported  from  West  Virginia 

5.  Simultaneously  with  the  above  decline, 
the  average  annual  gas  service  demands  to  the 
domestic  consumer  increased  from  110  M 
cubic  feet  each  year  in  1910  to  153  M  cubic 
feet  each  j-ear  in  1917. 

The  natural  gas  business  is  unique  in  that 
it  is  the  only  public  utilit\-  ser\-ice  that  does 
not,  and  in  fact  can  not,  create  the  basis 
feature  of  the  service  that  it  renders  to  the 
public.  Manufactured  gas  companies  merely 
produce  their  gas  from  the  raw  fuel  that  they 
can  buy  in  the  open  market. 

The  natioral  gas  industry'  depends  entirely 
on  the  caprice  of  nature  for  first  the  finding, 
and  secondly  the  continuit}-  of  the  supph^ 
of  its  primary  source  of  public  utility  ser\"ice. 

Drying  Natural  Gas 

In  the  transmission  of  the  gas,  due  to  the 
changes  in  temperature  and  pressure,  part  of 
the  gasolene  and  water  vapors  are  condensed 
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and  will  give  trouble  in  choking  up  the  line, 
and  the  water  may  freeze,  closing  the  line 
entirely.  The  gasolene  will  soften  and  de- 
compose the  rubbers  in  the  couplers.  This  is 
due  to  the  solveint  action  of  the  gasolene  on 
rubber,  and  the  immediate  effect  wiU  be  to 
cause  the  joints  to  leak. 
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Fig.  5.      Uses  of  West  Virginia  Natural  Gas  in  1917 

The  general  tendency  of  natural  gas  is  to 
become  wetter  as  the  well  becomes  older,  and, 
therefore,  natural  gas  from  a  new  well  that 
may  be  so  dry  as  not  to  yield  any  gasolene 
at  all,  may  yield  gasolene  in  commercial 
quantities  after  the  well  has  been  in  use  for 
several  years.  The  removal  of  the  gasolene 
and  water  vapor  carried  by  natural  gas  is 
desirable  from  the  consumers'  \aewpoint  for 
the  following  reasons : 

1.  Heating  value  is  little  disturbed,  the 
removal  of  the  gasolene  from  dry  natural  gas 
lowering  the  heating  value  only  about  2  per 
cent. 

2.  Gasolene  vapor  exists  in  such  a  form 
that  practically  none  of  it  ever  can  be  deliv- 
ered to  the  ultimate  consumer. 


3.  The  removal  of  water  and  gasolene  by 
blowing  the  drips  results  in  a  large  waste 
of  gas. 

4.  The  drying  of  the  gas  tends  to  stabilize 
the  gas  service  bj^  decreasing  line  troubles. 

TRANSMISSION 

The  broad  public  interest  in'  an  effective 
and  continuous  service  and  a  future  supply 
makes  it  the  duty  of  the  gas-producing 
company  to  conserve  the  supply  of  gas  in 
every  way  possible.  By  conservation  is  meant 
not  merely  saving,  but  using  in  the  most 
effective  manner.  This  means  that  it  is  the 
duty  of  the  gas  company — when  it  can  be 
done  without  financial  loss — to  remove  every 
foot  of  gas  from  the  ground  that  can  be  ob- 
tained ;  and  as  the  fields  grow  older  it  is  neces- 
sary for  the  gas  company  to  increase  therapidl}" 
declining  pressure  by  mechanical  means. 

The  art  of  natural  gas  compression  is  now 
over  29  years  old  and  has  grown  at  practically 
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the  same  rate  as  the  increase  in  domestic 
consumers.  There  are  now  over  220  natural 
gas  compressor  stations  in  North  America, 
aggregating  approximately  350,000  horse 
power  of  compressor  capacity  and  compress- 
ing about  90  per  cent  of  all  the  gas  used . 
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As  tlio  rock  pressures  o{  llie  wt'IIs  <le('Iine,  llie 
pressures  that  have  been  maintained  on  Ihv 
intake  side  of  the  i-oinjjressors  are  h>\vered. 
This  lias  the  imnieiHale  elTeel  uf  lowering  the 
capacity  of  the  compressing  station. 

The  output  of  a  typical  compressor  operat- 
ing against  a  discharge  pressure  of  UOU  pounds 
gauge  is  as  follows,  for  the  respective  intake 
pressures : 


Intake  Pressure  in  Lb. 
Above  Atmosphere 

Capacit)-  in  Million  Cubic 

Feet  Free  Gas  Each  24 

Hours,  Based  on  14.4  Lbs. 

Atmospheric  Pressure 

150 

30 

100 

20 

75 

15 

50 

10 

30 

6 

20 

4 

Not    Feasible    to    Make    Nnturul    O.-is    Mnin    Linei 
Common  Carriers 

A  niinil)er  of  attempts  have  been  made  by 
large  consumers,  (jwning  natural  gas  in  the 
field,  to  have  the  main  transmission  lines 
made  common  carriers  .so  that  they  could  be 
comjielled  to  haul  gas  to  market.  The  con- 
verting of  main  lines  into  common  carriers  is 
not  only  not  feasilile  from  an  operating 
viewpoint,  but  the  idea  could  be  based  only 
on  distinctly  local  and  selfish  interests  and 
would  ignore  entirely  the  domestic  consumers' 
interest.  That  is,  this  plan  would  greatly 
injure  service  to  the  over  2,()(J0,U0(J  domestic 
natural  gas  consumers  because  it  is  not 
generally  appreciated  that  there  is  a  clear 
distinction  between  the  duties  of  a  common 
carrier  and  the  duties  of  a  public  utilit)'. 
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The  fundamental  requirement  of  a  common 
carrier  agency  like  a  railroad  is  nondis- 
crimination. A  natural  gas  company  operat- 
ing a  transmission  line  and  supplying  domestic 
consumers,  from  the  very  nature  of  things, 
gives  its  own  consumers  preference  on  account 
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Fig.  8.      Geographical  Distribution  of  Domestii 
Natural  Gas  Consumers  by  States 


of  public  poHcy  and  the  contractual  relations 
existing  between  such  consumers  and  the  gas 
company. 

The  consumers'  interests  and  rights  extend 
clear  back  to  and  depend  on  the  gas  wells  and 
reserve  acreage  the  producing  company 
maintains  to  insure  an  adequate  present  and 
future  ser^dce.  Common  carrier  obligations 
for  the  transmission  line  would : 

1 .  So  disorganize  the,  existing  business  as 
to  make  it  impossible  to  render  satisfactory 
continuous  service  to  either  domestic  or 
industrial  consumers. 

2.  Make  the  consumers — especially  the 
domestic — subordinate  to  occasional  pro- 
ducers; that  is,  to  men  who  have  no  intention 
of  following  the  business  of  hunting  for  gas  for 
future  service,  but  would  be  interested  only 


in  finding  a  good  market,  at  the  expense  of 
others,  for  such  gas  as  might  be  found  as  a 
result  of  an  occasional  accidental  venture. 

3.  Greatly  increase  the  amount  of  gas 
used  for  manufacturing  purposes,  thus  hasten- 
ing the  day  when  natural  gas  will  be  merely 
the  memory  of  a  wasted  and  unappreciated 
resource. 

In  West  Virginia  the  total  production  is 
delivered  as  follows: 

Per  Cent 

Utilities 82 

Small  producers,  with  no  public  utility  duties. .  13 
Carbon  black  manufacturers 5 

100 

Experience  has  shown  that  satisfactory 
continuous  service  can  be  rendered  only  when 
the  production,  transmission,  and  distributing 
features  are  properly  co-ordinated.  To 
subordinate    the    transmission    side    of    the 
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Fig.  9.     Average  Monthly  Natural  Gas  Consumptic 
per  Domestic  Consumer 


business  to  either  the  producer's  or  the  larger 
industrial  consumer's  interest  is  indefensible 
The  furnishing  of  a  ser\-ice,  rather  than  the 
delivering  of  a  commodity  or  product,  is  the 
dominating  feature  of  the  natiu-al  gas  busi- 
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DISTRIBUTION 
Gns     Consumers     Use     More     Nutiiriil     Gas     Tluin 
Manvifactured  Gas 

'I'lic  aviTa^^c  ronsuniptidii  in  M  i-iihir  fcfl 
of  natural  K'^^  '"'"  '''1  I'l''  'loiiu'stic  natural  ^;as 
consumers  in  the  United  States  is  10(1  M  cubic 
feet  by  each  domestic  consumer  annually. 

The  average  annual  load  curves  for  each 
domestic  consumer  in  three  cities  are  shown 
in  Fig.  S,  and  the  annual  average  consumption 
for  each  consumer  were  as  follows: 


City 

1916 

1917 

Charleston,  W.  Va 

Huntington,  W.  Va 

Louisville,  Ky 

159  M 
133  M 

40  M 

187  M 
158  M 
53   M 

The  average  of  682  manufactured  gas 
companies  is  22  M  cubic  feet  of  manufactured 
gas  to  each  domestic  consumer  a  year.  The 
actual  average  annual  consumption  of  manu- 
factured gas  at  Louisville,  Kentucky,  prior  to 
the  introduction  of  natural  gas  was  24  M 
cubic  feet. 

The  reasons  for  this  large  increase  in  domes- 
tic natural  gas  consumption  are  as  follows: 

1.  Natural  gas  prices  have  been  so  low 
as  not  to  make  the  gas  worth  sa\-ing. 

2.  The  efficiencies  of  most  natural  gas 
using  appliances  are  generally  less  than  for 
manufactured  gas  using  appliances. 

3.  Manufactured  gas  is  used  primarily  for 
cooking,  hot  water  heating,  and  lighting  only. 
The  largest  part  of  the  natural  gas  business 
results  from  its  extensive  use  for  house- 
heating  where  the  volume  required  is  very 
much  greater. 

The  load  factor  data  in  Fig.  11  emphasize 
the  erratic  nature  of  natural  gas  loads. 

Peak  Load  Service 

Abnormal  peaks  of  very  short  duration  are 
characteristic  of  all  natural  gas  loads  for 
domestic  consumers.  This  necessitates  a  large 
investment  for  equipment  that  is  actualh'  used 
only  a  very  short  period  out  of  each  year. 
Every  natural  gas  company  must  have  con- 
siderable equipment  that  will  be  used  not  over 
four  hours  daily  during  say  30  of  the  coldest 
days  of  a  year  of  normal  temperature.  The 
smallest  of  this  is  evident  from  the  following: 

Total  number  hours  in  the  year.. _. 

=  8,760  =  103  percent. 

Hours  peak  load  equipment  is  actually  used 
=     120  =  1.4  per  cent. 


The  iinurly  demands  vary  from  a  maximum 
value  (){  100  i)er  cent  to  a  minimum  of  7  per 
cent,  the  average  demands  being  34  jjer  cent. 

Industrial  loads  ordinarily  are  very  much 
more  uniform  than  domestic  loads.  This  is 
esiiecially  true  of  the  carljon  black  industry 
in  the  field. 

An  increase  of  volume  of  business  can 
decrease  the  cost  of  production  only  when 
the  increment  of  increase  is  distributed  so  as 
to  make  possible  the  more  efficient  use  of 
existing  equipment.  When  the  increment  of 
increase  is  concentrated  so  as  to  require  more 
equipment,  as  is  the  case  in  all  peak  loads, 
the  cost  of  production  to  the  unit  of  service 
is  increased.  Therefore,  the  cost  of  peak  load 
natural  gas  service  is  greater  than  the  cost  of 
normal  ser\-ice.  A  rate  schedule,  to  be 
equitable  to  all  consumers  of  natural  gas, 
must  make  the  consumers  who  need  and 
create  the  peak  load  service  pay  a  price  that 
will  be  commensurate  with  the  extra  cost  of 
the  service  they  are  receiving. 

As  long  as  natural  gas  prices  for  the 
higher  costing  peak  load  service  remain  the 
same,  the  consumer  must  expect  a  lower 
standard  of  service  during  that  period. 

Use  of  Auxiliary  Heating  Appliances 

It  is  desirable  in  aU  cases  where  possible  to 
have  auxiliary  heating  equipment  available  for 
supplementing  or  entirely  replacing  for  a  short 
period  natural  gas  for  house-heating  ser\-ice, 
during  the  peak  period  of  the  load.  Where  gas 
furnaces  are  used,  auxiliary  oil  burners  can 
be  installed  in  such  fire  pots,  or  auxiliary  coal 
furnaces  can  be  installed  along  side  the  gas 
furnaces,  where  the  coal  furnace  would  dis- 
charge its  heated  air  into  the  gas  furnace  shell. 

Basic  Reasons  for  Large  Sales  of  Industrial  Gas 

The  inadequate  domestic  price  and  the 
policy  of  the  Government  in  fostering  com- 
petition in  the  gas  field  are  the  basic  reasons 
for  the  large  sales  of  industrial  gas. 

During  the  domestic  off-peak  period — ■ 
usually  nine  months  of  the  }-ear — about  60 
per  cent  of  the  equipment  of  a  gas  company  is 
not  needed  for  domestic  natural  gas  ser^-ice. 
Under  competitive  conditions  in  the  field  the 
gas  can  not  be  conserved  for  future  use,  except 
by  unity  of  action  of  all  producing  companies. 
As  the  Government  has  always  fostered 
competition,  and  therefore  waste,  the  ine\-i- 
table  result  has  been  to  stimulate  low-priced 
industrial  gas  sales,  because: 

1.  The  companies  needed  the  revenue  to 
make  up  the  deficit  from  their  too  low  priced 
domestic  gas  ser\-ice. 


644     August,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol,  XXII,  No.  S 


2.  As  no  one  company  could  save  its  gas, 
except  by  the  prohibitive  "unity  of  action  of 
all  producers,"  each  took  all  the  gas  it  could 
get,  as  fast  as  it  could  get  it  out,  thereby 
greatly  depleting  the  supply  for  future  service. 
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Fig.  10.      Typical  Ho 

At  the  present  time  of  all  the  gas  produced 
in  the  United  States,  practically  two  thirds  is 
used  in  industrial  service.  The  percentage 
of  total  State  consumption  that  is  used  for 
industrial  service,  for  several  states,  is  shown 
in  Fig.  10. 

Few  Improvements  in  Art  of  Using  Natural  Gas 

On  account  of  the  low  prices  that  have 
prevailed,  gas-appliance  manufacturers  have 
not  been  stimulated  to  the  development  of 
efficient  gas-using  equipment.  There  have 
been  few  improvements  resulting  in  increased 
efficiency  in  the  last  15  years.  In  testing 
house-heating  furnaces  it  has  been  found  that : 

1 .  The  use  of  natural  gas  in  the  fire  pot  of 
a  coal  furnace  gives  an  efficiency  of  about 
25  per  cent. 

2.  The  use  of  natural  gas  in  the  ordinary 
gas  furnace  gives  an  efficiency  of  about  35 
per  cent. 

*  Ohio  state  U 
■■Effect  of  G: 
the  Home." 


.3.  The  use  of  natural  gas  in  a  correctly 
designed  and  built  gas  furnace,  where  the 
construction  conditions  permit  the  fullest 
utilization  of  the  heat  in  the  gas,  gives  an 
efficiency  of  about  75  per  cent. 

In  tests  made  by  the  Bureau  of  Standards, 
it  was  found  that  the  ordinary  incandescent 
mantle  lamp  where  used  with  natural  gas 
wasted  nearly  half  of  the  possible  heat  that 
could  be  used  if  such  lamps  were  designed  for 
as  efficient  operation  on  the  high  heating 
value  natural  gas  as  they  give  on  the  low 
heating  value  manufactured  gas. 

In  tests  made  by  the  department  of  home 
economics,  Ohio  State  University,  the  effi- 
ciencies of  a  natural  gas  range  varied  from 
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37  per  cent  with  0.2  ounce  pressure  down  to  13 
per  cent  at  four-ounce  pressure,*  while  ^\^th  a 
manufactured  gas  range,  using  natural  gas, 
the  efficiencies  varied  from  43  per  cent  at 
0.2  ounce  pressure  to  23  per  cent  at  one-ounce 
pressure. 
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Cooking  aiitl  Healing  Distinguishcti 

111  a  iK'alinj^  o|)crali()n  it  is  iiuTi-Iy  necessary 
to  secure  perfect  combustion  in  the  heatin)^ 
device,  because  in  so  doin^  all  of  llic  available 
heat  in  the  j^as  can  be  utilized.  In  cookin;; 
it  is  not  only  tlesirable  to  secure  a  ijcrfecl 
combustion,  but  absolutely  necessary  to 
direct  the  heat  to  a  ])articular  place  and 
sometimes  at  a  ])articular  time.  It  is  for  this 
rtason  that  gas-cookinj^  oi)erations  are  more 
to  chanjjed  pressure  conditions  than  heatin}^ 
operations. 

It  may  not  be  amiss  to  emphasize  that  the 
time  element  in  many  cooking  operations  is 
of  much  more  importance  than  intensity. 

Gas  Pressure 

The  pressures  carried  by  most  natural  s^as 
companies  have  been  too  high  for  efficient 
ser\4ce.  This  has  had  the  further  undesirable 
feature  of  teaching  the  consumer  to  believe 
that  he  was  not  receiving  ser\nce  unless  the 
gas  could  be  heard  hissing  through  the  orifice 
in  the  gas  mixer.  It  has  been  demonstrated 
that* — 

1 .  Satisfactory  cooking  operations  in  fry- 
ing potatoes,  boiling  potatoes,  fr}-ing  beef- 
steak, and  pan-broiling  beefsteak  can  be 
carried  on  with  0.2  ounce  natural  gas  pressure. 
This  merely  requires  that  the  short  flame  and 
cooking  vessel  be  brought  together. 

2.  Better  results  are  obtained  with  pres- 
sures in  the  neighborhood  of  two  ounces  than 
at  four  ounces,  and  less  gas  is  used. 

3.  Manufactured  gas  range  gives  better 
results  than  natural  gas  range  because  the 
former  is  designed  for  low  pressures. 

4.  There  is  very  little  difference  in  the 
time  required  to  carry  on  cooking  operations 
with  pressures  of  from  one  to  five  ounces. 

Therefore,  if  the  consumer  will  use  proper 
appliances,  satisfactory  cooking  operations 
can  be  carried  on  with  pressures  as  low  as 
0.2  ounce  and  the  gas  will  perform  a  usable 
service. 

With  heating  appliances,  if  the  mixer  is 
properly  adjusted  the  combustion  at  low 
pressures  can  be  made  substantially  as 
thorough  as  at  high  pressures,  and  the 
consumer  can  have  the  benefit  of  all  the  heat 
generated  by  the  burning  gas,  although  if  the 
pressure  is  low  he  will  invariably  not  have 
nearly  as  much  as  he  would  like  to  have  or  as 
he  needs. 


»  Ohio  State  University  Bulletin,  vol.  22.  No.  28.  May.  1918. 
"Effect  of  Gas  Pressure  on  Natural  Gas  Cooking  Operations  in 
the  Home." 


Consumer  is  Responsible  ior  Economic  Use  of  Gat 
["■ew  jieople  apjjreciale  that  even  in  an 
ordinary'  frying  oi)cralion  efTective  results 
can  not  be  oblaineii  unless  the  vessel  position 
is  close  enough  to  the  flame  so  that  the  tip  of 
the  flame  can  deliver  the  heal  generated  in  an 
elTcctive  manner.  Even  with  high  jircssurc 
and  long  (lames,  if  a  strong  draft  should 
deflect  the  flame  the  cooking  ser\'ice  will  be 
unsatisfactory. 

Distinction    Between     Luxury     and     Necessity     in 

Natural  Gas  Service 

To  the  average  family  for  cooking,  water 
heating,  lighting,  and  incidental  house  heating 
service,  natural  gas  may  be  a  necessity,  but 
when  used  in  larger  quantities  or  for  house- 
heating  furnace  work  it  becomes  a  luxun,'. 
Furthermore,  the  peak  load  characteristics 
of  house  heating  furnace  service  make  this 
service  cost  more  to  the  natural  gas  company. 
An  equitable  schedule  of  rates  ought,  there- 
fore, to  pro\-ide  for  a  fixed  net  price  for  a 
large  enough  monthly  consumption  to  permit 
of  the  cooking,  water  heating,  lighting,  and 
incidental  house  heating  ser\ace  necessary-  in 
the  average  family.  The  price  for  excess 
consumption  ought  to  be  increased  to  make 
the  consumer  pay  for  the  higher  priced 
service  he  is  recei\4ng. 

It  is  a  trite  observation  that  the  luxuries  of 
one  day  tend  to  become  the  necessities  of  the 
next.  Alost  complaints  for  inadequate  ser\-ice 
during  the  few  peak  load  hours,  usually  less 
than  one  per  cent  of  the  total  8700  hours  in 
the  year,  are  based  on  the  fallacy  that  a 
ser\4ce  that  is  purely  a  pri\-ilege  has  become 
a  prerogative;  that  is,  nattu-al  gas  consumers 
as  compared  with  other  fuel  users  who  have 
to  use  solid  fuel  or  manufactured  gas  are  a 
privileged  class  enjo\-ing  a  luxury  that  is 
seldom  appreciated  until  it  becomes  difficult 
to  obtain,  and  on  account  of  the  limitations 
fixed  by  nature  they  do  not  possess  and  can 
not  ask  any  inalienable  rights  of  service,  under 
conditions  that  are  physically  impossible  to 
meet. 

Effect    of   Pressure    on    Temperature    Changes    on 
Heating  Value  of  Gas 

The  variation  in  temperature  of  nattrral  gas 
in  the  underground  mains  makes  more  differ- 
ence in  the  heating  value  than  the  variation 
in  gage  pressure.  The  maximum  fluctuation  in 
temperature  produces  a  difTerence  in  heating 
value  of  about  5  per  cent,  while  the  maximum 
fluctuation  in  presstu-e  produces  a  difference 
in   heating   value   of   less   than   4   per   cent. 
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Furthermore,  these  variations  work  in  oppo- 
site directions;  that  is,  in  winter  time  when 
the  pressure  is  low,  therefore  tending  to 
decrease  the  heating  value,  the  temperature 
is  low,  tending  to  increase  the  heating  value. 
This  increase  due  to  low  temperature  will 
always  be  more  than  the  decrease  due  to  low 
pressure. 

The  volumetric  changes  will  alter  the 
distribution  of  the  total  number  of  heat  units, 
as  shown  in  Table  II. 


Gage 
Pressure 
in  Ounces 
Above  At- 
mosphere 

Relative 

British 

Thermal 

Unit 

Relative 
Per  Cent 

Gage 
Pressure 
1  in  Ounces 
Above  At- 
mosphere 

Relative 

British 

Thermal 

Unit 

Relative 
Per  Cent 

8 

1034 

103.4 

3 

1013 

101.3 

7 

1030 

103 

2 

1009 

100.9 

6 

1026 

102.6 

1 

1005 

100.5 

5 

1022 

102.2 

0 

1000 

100 

4 

1017 

101.7 

Relative 

Relative 

perature 
Deg.  F. 

British 

Thermal 
Unit 

Relative 
Per  Cent 

perature 
Deg.  F. 

British 

Thermal 

Unit 

Relative 
Per  Cent 

70 

960 

96 

50 

1000 

100 

65 

970 

97 

45 

1010 

101 

60 

980 

98 

40 

1020 

102 

55 

990 

99 

35 

1030 

103 

Combustion  of  Natural  Gas 

Each  cubic  foot  of  natural  gas  burned 
requires  approximately  93^  cubic  feet  of  air, 
forming     1032     cubic     feet     of     combustion 


products,  which  are  made  up  of  2  cubic  feet 
of  steam,  1  cubic  foot  of  carbon  dioxide,  and 
7}/2  cubic  feet  of  nitrogen. 

The  combustion  of  1000  cubic  feet  of 
natural  gas  will  form  2000  cubic  feet  of  water 
vapor  or  steam,  and  this  when  condensed 
will  make  approximately  103^  gallons  of 
water.  This  is  true  of  all  gases  containing 
hydrocarbon  compounds.  Manufactured  gas 
will  form  about  one  half  the  water  vapor 
produced  by  the  combustion  of  natural  gas. 
It  is  this  water  vapor  that  causes  the  bakers 
and  broilers  of  stoves  to  rust,  and  where  gas 
is  used  in  open  fires  without  flues,  or  for 
lighting,  makes  the  walls  and  windows  sweat 
and  glued  furniture  open  up. 

If  the  combustion  is  not  perfect,  then 
carbon  monoxide,  which  is  a  deadly  poison, 
may  be  formed.  The  toxic  action  of  this  is  so 
marked  that  one  tenth  of  one  per  cent  is  enough 
to  produce  fatal  results.  This  is  especially 
likely  to  be  formed  when  a  flame  is  suddenly 
impinged  on  a  cold  surface,  as,  for  instance, 
the  first  few  seconds'  operation  of  an  instan- 
taneovis  hot  water  heater. 

Effect   of    Atmospheric    Temperature  on   Demands 
for  Gas 

The  temperature  of  the  atmosphere  has  a 
direct  bearing  on  the  demands  for  nattiral  gas 
for  heating  service.  However,  the  quantity 
of  cooking,  incidental  water  heating,  and 
lighting  is  independent  of  the  temperature 
of  the  atmosphere  and  would  be  practically 
constant  for  the  year.  The  humidity  of  the 
atmosphere,  direction  and  velocity  of  wind, 
and  hours  of  sunshine,  also  affects  gas 
consumiDtion,    as    far    as    heating   service    is 


TABLE   III 

DAILY    GAS   HEATING   CONSUMPTION   FOR   EACH   DEGREE   OF    TEMPERATURE 

BELOW   70   DEG.   F. 


Temperature  of 
Atmosphere. 
Degrees  F. 


Difference 
Between  Mean 

Temperature 

and  70  Degrees. 

70-A 


M  CUBIC  FEET  NATURAL  GAS  A  ] 


Service 

Independent  of 

Atmospheric 

Temperature 


Heating  Service 
per  Degree 

Below 

70  Deg.  F. 

(E-hB) 


(F) 


1917 

Feb.  2 

Jan.  14 

Jan.  11 

Jan.  26 

Jan.  6 

Jan.  3 

Jan.  29 

Average ... 


10 
20 
30 
39 


13,209 
12,193 
11,370 
10,869 
9,142- 
7,852 
6,830 


4,500 

4,500 

4,500 

4,500 

4,500 

4,500  - 

4,500 


8,709 
7,693 
6,870 
6,369 
4,642 
3.352 
2,330 


128 
128 
137 
159 
149 
152 
194 


150 


Ml 


!I()|)S  I'OR   Moki:  i;i'l'ICli;.\ll.N    l    IILIZIXC,  oLK  I'L'ICI^  UICSOURCES      (M7 


coiK'tTiu'd.  In  j^tMK'ial,  :i  h\y,\\  wind  cause's 
more  of  an  ini-rcasL'  than  nirrely  a  low 
tcnii)eraturc.  TIic  mean  monllily  tompcralun' 
I'urve  i)lolt(.-(l  upsi(]c  down  will  always  show 
a  close  relatit)nsliii5  between  volume  of  jjas 
used  and  temperature  of  atmosphere. 

Daily  Demands  tor  Gas  Heating  Service 

The  daily  {^as  heating  consumption  to  each 
(icj^ee  of  tcmperatiux'  below  70  dc};.  F.,  at 
Louisville,  Ky.,  from  mean  temperatures 
ranging  from  2  degrees  on  February  2nd,  to 
oS  degrees  on  January  29th,  is  shown  in 
Table  III. 

It  will  be  noted  that  the  heating  service  for 
each  degree  is  larger  at  the  warmer  temper- 
atures. This  is  because  the  general  tendency 
is  to  keep  most  houses  at  a  higher  temperature 
than  necessary,  and  for  this  reason  on  account 
of  the  cheapness  of  the  gas,  and  the  general 
absence  of  thermostat  control  devices,  the  gas 
is  not  used  as  efficiently. 

Monthly  Demands  for  Gas  Heating  Service 

When  the  atmospheric  temperature  drops 
below  70  deg.  F.  demands  for  heating  service 
are  created  which  are  practically  proportional 
to  the  number  of  degrees  that  the  atmospheric 
temperature  is  below  70.  The  variation  in 
monthlv  demands  for  each  degree  of  atmos- 


|)horic  temperature  bel<jw  70  dog.  F.  is  shown 
in  Table  IV. 

The  data  in  column  D  is  the  estimated  gas 
consumidion  for  cooking,  inddental  water 
heating  and  lighting,  which  is  entirely 
indeiiendent  of  the  atmospheric  temperature 
and  the  estimated  figure  is  taken  appro.xi- 
matcly  as  the  total  amounts  delivered  during 
the  months  of  June,  July,  August,  and 
September,  when  there  are  practically  no 
demands  for  heating  service. 

The  average  of  the  demands  for  heating 
ser\-ice  at  Louisville,  Ky.,  for  each  degree 
below  70  deg.  F.,  for  the  months  of  January, 
March,  A])ril,  May,  October,  and  November, 
1917,  and  March,  1918,  when  enough  gas  was 
available  to  meet  the  demands  ,was  .5,500,000 
cubic  feet  for  each  month  for  each  degree 
below  70  deg.  F. 

Why  Standards  for  Natural  Gas  Service  Must  be 
Lower  Than  for  Manufactured  Gas 

The  operating  conditions  in  a  natural  gas 
plant  are  so  different  from  those  prevailing  in 
a  manufactured  gas  plant  that  the  standards 
of  service  that  would  reasonably  be  applicable 
to  the  latter  would  not  be  feasible  or  expedient 
with  natural  gas,  because: 

1.  The  volume  of  natural  gas  business 
for    each    domestic    consumer    is    generally 


TABLE   IV 

MONTHLY  GAS  HEATING  CONSUMPTION  FOR  EACH  DEGREE  BELOW   70  DEG.  F. 


MILLION  CUBIC  FEET  NATURAL  GAS  A  MONTH 


Mean  Monthly  I  Refween^MLn   ' 

Temperature  of   t., „  „,  ',    „   a 

Atmosphere.     |^''?-?^T^f  ""5  """^ 
in  Degrees  F.     ;       '°  5?8;  F.. 


Ser\'ice 

Independent  of 

Atmospheric 

Temperature 


Heating 
SerWce 
(C-D) 


Demands  for 

Heating  Service 

per  Degree 

Below 
70  Deg.  F. 


(F) 


January .  .  . 
February .  . 
March  .  .  .  . 

April 

May 

June 

July 

August .  . .  . 
September . 
October .  .  . 
Xovember . 
December. 


36 
32 
46 
55 
60 


76 
69 
51 

45 
26 


34 
38 

24 
15 
10 


302 
260 

260 
232 
204 
140 
131 
134 
149 
243 
270 
269 


140 
140 
140 
140 
140 


140 
140 
140 


162 
120 

120 
92 
64 


103 
130 
129 


4.8 

3.2* 

5.0 

6.1 

6.4 


6.2 
2.9* 


January . . 
February . 
March. . . 


Average    of    normal 
months 


20 
38 
51 


263 
223 
232 


140 
140 
140 


123 
83 


*  Not  enough  gas  available  to  meet  demands. 
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about   five   times   as   large   as   for  manufac- 
tured gas. 

2.  The  peak  load  difficulties  in  a  natural 
gas  load  are  much  more  troublesome  than  in 
manufactured  gas. 

3.  The  service  standards  can  not  be  limited 
to  merely  the  distributing  plant  limits,  but 
would  be  closely  related  to  the  main  pipe  lines, 
back  into  the  field  to  the  compressing  stations, 
and  general  field  operating  conditions. 

4.  The  supply  can  be  kept  continuous 
only  by  constant  and  persistent  hunting  for 
new  supplies. 

5.  Although  the  distributing  end  is  a 
public  utility  service,  the  field  or  producing 
end  is  a  mining  proposition,  and  the  con- 
tinuous connection  of  the  two  by  the  trans- 
mission line  has  the  immediate  efl'ect  of  also 
connecting  the  mining  hazards  to  the  dis- 
tributing end  of  the  business. 

6.  In  general,  the  prices  for  natural  gas 
service  have  not  been  adequate,  and  have  not 
been  made  on  the  basis  of  rendering  as  uni- 
form a  condition  of  service,  especially  with 
regard  to  pressure,  as  can  be  maintained  in  a 
manufactured  gas  plant. 

Discount  for  Lower  Pressures  Stimulates  Waste 

A  penalty  clause  providing  for  a  discount 
when  pressures  less  than  four  ounces  are 
maintained  has  been  suggested  as  a  means  of 


guaranteeing  good  service.  However,  instead 
of  guaranteeing  service  it  stimulates  waste. 
The  penalty  clause  is  inequitable  and  fails  to 
recognize  the  well  known  operating  character- 
istics of  the  mining,  transmission,  and  distri- 
bution of  natural  gas,  which  differentiate  this 
from  other  type  of  pubHc  utility  service  for 
the  following  reasons : 

1.  The  heating  value  of  the  gas  does  not 
decrease  proportionally  with  the  decrease  in 
gage  pressure. 

2.  Higher  efficiencies  may  be  obtained  at 
pressures  below  four  ounces  than  at  four 
ounces  and  above. 

3.  It  ignores  the  volume  of  gas  to  be 
delivered  and  the  close  relationship  between 
volumetric  demands  and  the  constantly  chang- 
ing atmospheric  temperature. 

4.  General  conservation  methods  in  the 
field  have  not  been  followed  in  the  past;  gas 
has  been  produced,  transmitted,  and  dis- 
tributed in  a  wasteful  manner,  which  has 
greatly  depleted  the  available  supplies. 

5.  The  gas  in  the  underground  reservoirs 
is  entirely  beyond  control,  and  yet  its  expan- 
sive properties  must  be  taken  as  the  initial 
step  for  the  delivering  of  service  to  consumers 
200  miles  away.  It  is  evident,  therefore,  that 
considerable  leeway  must  be  allowed  in 
service  standards. 

{To  be  Continued) 
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NECESSITY'S   STIMULUS 


"NeccssitN'  is  the  MoUkt  of  liu'ciilion " 
and  it  is  also  the  main  sprinj;;  of  development ; 
indeed,  devcloijments  mostly  consist  of  a 
multitude  of  minor  inventions.  The  stimulus 
given  devclo])ment  by  necessity  is  well 
emphasized  by  the  collection  of  articles  we 
publish  in  this  issue  showinsj;  the  many  sided 
progress  made  in  searchlights  during  the  war. 

Pre-war  searchlights  were  wonderful  con- 
trivances and  showed  a  remarkable  de\'elop- 
ment  when  we  remember  that,  although  the 
voltaic  arc  was  i)roduced  by  Davy  in  INK) 
and  the  Jablochkoff  candle  invented  in  the 
early  part  of  the  last  century,  no  substantial 
progress  could  be  made  in  maintaining  an 
electric  arc  until  the  invention  of  the  Grove 
battery  in  183(5  and  the  Bunsen  battery  in 
1842.  The  invention  of  the  dynamo  electric 
machine  led  to  a  host  of  ditlferent  types  of  arc 
lamps  and  to  the  rapid  extension  of  arc  light- 
ing as  an  industry.  The  new  arc  light  was 
applied  at  an  early  date  to  the  lighthouse  to 
replace  the  comparatively  feeble  illuminant 
then  in  use  and  perhaps  this  might  be  described 
as  the  first  form  of  electric  searchlight. 

The  results  achieved  in  searchlight  develop- 
ment, owing  to  the  war  emergenc\',  were 
accomplished  by  the  co-ordinated  efforts  of 
the  Army  officers,  the  scientists,  and  the 
manufacturers.  Captain  Lichtenberg  tells  of 
some  of  these  accomplishments  as  follows: 

"One  example  of  these  points  is  a  tiO-inch 
searchlight  which  weighs  only  one-tenth  as 
much  as  the  60-in.  searchlights  heretofore 
considered  standard.  It  costs  only  one  third 
as  much  as  the  standard,  is  about  10  to  1.5  per 
cent  more  powerful  and  consists  only  of  about 
100  parts,  as  against  several  thousand  parts 
for  the  old  design.  It  is  very  much  m.ore 
rugged  and  is  so  arranged  that  it  can  be 
produced  in  less  than  one  fourth  the  time 
required  for  producing  the  old  model.  Its 
fabrication  requires  only  ordinary  machine 
shop  equipment,  no  special  tools  being 
necessary. 

"Another  example  is  a  30-in.  searchlight 
weighing  only  200  lb.,  yet  m.ore  powerful  than 
the  4000-lb.,  36-in.  seacoast  searchlights  here- 
tofore considered  the  best  obtainable.     The 


20l)-lb.  searchlight  has  a  great  field,  ])ar- 
ticularly  for  foreground  illumination.  It  is 
so  designed  that  it  can  be  readily  taken  af)art 
and  trans])orted  by  men  to  jjoints  heretofore 
considered  inaccessible  for  searchlights.  The 
searchlight  and  its  ])Ower  unit  require  a  crew 
of  only  three  men  for  comjjlete  operation. 
The  cost  is  about  one  fifth  that  of  the  1015 
equivalent." 

This  reduction  in  the  number  of  i)arts, 
weight,  and  cost,  and  this  increase  in  jjower 
and  mobility,  achieved  in  so  short  a  space  of 
time,  bear  an  eloquent  tribute  of  what  can 
be  accomplished  by  co-ordination  of  human 
effort  when  we  are  spurred  on  by  neces- 
sity. It  is  interesting  to  think  how  many 
wonderful  things  there  are  in  this  age  of 
machines  that  could  be  improved  beyond  all 
recognition  if  the  necessity  should  arise.  This 
thought  should  give  a  grain  of  comfort  to 
those  who  sometimes  bewail  that  we  have 
reached,  or  are  nearly  reaching,  our  limits. 

Among  the  articles  in  this  issue  telling  of 
the  development  of  different  types  of  search- 
lights, complete  searchlight  units,  and  the 
elements  entering  into  their  construction, 
such  as  the  mirrors  and  high  intensity  carbons, 
etc.,  is  an  article  dealing  with  the  testing  of 
the  finished  product,  and  we  wish  to  call 
particular  attention  to  this  contribution  and 
to  the  illustrations  of  the  testing  range  which 
accompanied  it.  This  testing  range  played 
an  important  part  in  the  development  work; 
and  the  evolution  of  new  apparatus  and 
instnunents  for  testing  purposes,  the  building 
of  the  range  itself,  and  its  operation  reflect 
great  credit  on  those  responsible  for  this 
work.  It  is  seldom  that  we  publish  such  a 
group  of  articles  as  appear  in  this  issue,  while 
the  developments  dealt  with  are  so  new  and 
have  been  undertaken  in  such  various  places 
by  different  interests,  so  it  may  be  well  to  call 
attention  to  the  fact  that  in  a  few  cases  our 
authors  are  not  in  entire  agreement.  It  may 
also  be  well  to  state  that  we  cannot  always 
be  responsible  for  the  opinions  of  our  authors, 
especially  when  their  articles  have  such  vari- 
ous sources  of  origin. 

J.  R.  H. 
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Metal  Mirrors  for  Searchlights 

By  R.  B.  HussEY 

Arc  L.\mp  Engineering  Department,  Gener.al  Electric  Comp.xny,  Lynn  Works 

The  successful  production  of  metal  mirrors  as  large  as  60  inches  in  diameter  for  searchlights  was  one  of 
the  most  interesting  of  war  developments.  The  author  describes  the  process  used  in  their  production  and 
tells  some  of  the  difficulties  met  and  how  these  were  overcome. — Editor. 


w 


'HEN  the 
question  of 
developing  a  new 
type  of  searchlight 
for  the  use  of  Ameri- 
can Forces  was  put 
up  to  this  Company 
one  of  the  impor- 
tant features  that 
was  hrought  for- 
ward was  that  of  a 
metal  mirror  in 
place  of  the  usual 
silvered  glass  mir- 
R.  B.  Hussey  ror.    Such  a  mirror 

had  not  been  com- 
mercially manufactured  up  to  this  time. 
There  were  numerous  reasons  why  such  a 
development  was  much  needed.  In  the 
first  place,  glass  mirrors  of  the  size  under 
consideration,  60    inches    in    diameter,  were 


very  expensive  articles,  costing  approximately 
$1000  each,  and  were  manufactured  by  only 
one  or  two  concerns  in  this  country.  Further, 
a  glass  mirror  is  easily  cracked  and  ruined 
from  the  heat  of  the  arc,  particularly,  where 
arcs  of  high  current,  200  amperes  or  over,  are 
being  considered,  as  was  the  case.  In  war 
service  a  single  bullet  would  ruin  a  glass 
mirror,  while  a  metal  mirror  could  be  riddled 
with  bullets  and  still  be  a  usable  device. 
These  considerations  led  the  officers  of  the 
Engineer  Depot  to  request  the  commercial 
development  of  a  metal  parabolic  mirror 
that  could  be  used  with  the  large  arc  search- 
lights. 

A  spun  or  pressed  metal  reflector  was 
entirely  out  of  the  question  as  it  proved  to  be 
impractical  to  make  one  with  the  necessary 
accuracy  of  curvature.  The  grinding  of  a 
parabolic  curve  of  this  size  is  necessarily  a 
difficult     operation     requiring     considerable 


Fig.  1. 


Applying  the  Cement  Backi 
Works  of  the  G  — 


ng  to  60-in.  Metal   Mir 
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(■i|ui|iim'iil  and  i'X])i'rii'iu'i',  sn  ihal  any 
iik'IIkhI  iiuiilvinj^'  llio  ik-vcIo])menl  of  a 
paralxiloiilal  surfafo  scenu'd  lobe  inaihisabk'. 
Tlu'  iik'u  was  advaiicotl  that  a  jjkiss  niiiTor 
mij^lil  1)0  used  as  a  form  lo  obtain  the  (k'sired 
curvalinv  and  jiolish,  and  tlio  mirror  coukl  be 
ri'mo\-i'd  anil  ihe  form  used  over  aK^in.  A 
larj^e  number  of  experiments  were  made  on 
small  j^lass  reflectors  depositing  silver  on  the 
j^lass  surface  and  then  after  backing;  with 
(iilTerent  materials  removini^  the  silver  from 
the  glass.  This  seemed  to  gi\c  ])romise  of 
success  and  experiments  were  carried  out  with 
larger  sizes  of  reflectors  in  this  general 
manner.  The  limit  of  l.'K)  pounds  in  weight 
t\)r  a  ()()-in.  mirror  set  by  the  army  engineers 
restricted  the  kind  and  amount  of  material 
that  could  be  used  and  made  the  requirements 
very  severe.  As  only  the  outer  surface  of  the 
glass  form  was  used  it  was  found  practical 
to  obtain  glass  forms  that  were  in  the  rough 
on  the  inside  and  only  ground  and  polished 
on  the  outside.  This  left  a  piece  of  glass 
weighing  about  200  pounds  which  must  be 
silvered  and  handled  in  the  different  opera- 
tions and  carefully  treated  throughout  so 
that  it  might  be  used  over  and  over  again. 
After  several  methods  of  experimenting  were 
tried,  invoh4ng  continuous  runs  of  36  to  4S 
hours  in  many  cases,  and  after  the  building 
of  special  tanks  and  equipment  for  handling, 
a  process  was  finally  developed  at  the  Lynn 
Works  wherebv  one  mirror  from  each  form 


The  Lacquering  Operation 
60-in.  Metal  Mil 


the  Manufactu 


could   be    turned    out    in   finished    condition 
every  week. 

Without  going  too  far  into  details,  the 
process  employed  is  in  general  as  follows; 
The  glass  is  first  placed  on  a  movable  table 
and  carefully  washed  to  remove  every  particle 


<if  foreign  matter.  The  form  is  then  ijlaced 
on  a  silvering  table  and  silvered  by  the 
ordinary  mirror  silvering  ijrocess.  When  dry 
it  is  removed  and  secured  on  a  sjjecial  wheel- 
like sup|)orting  frame.  The  form  and  frame 
are  handled  as  a  single  jjiece  and  jjlaced  in  a 


Fig.  3.     A  60-in.  Metal    Mirror  with  Ribbed    Sheet  Steel 

Reinforced  Cement  Backing.     Note  the  cement 

"rivet  heads" 


silver  plating  solution  where  the  silver  is  built 
up  to  a  thickness  of  several  ten  thousandths 
of  an  inch.  After  rinsing  the  form  is  at  once 
put  into  a  copper-plating  bath  and  copper  is 
deposited  on  the  silver  until  a  thickness  of 
about  0.030  inch  is  produced.  Great  care  was 
necessary  during  this  process  to  obtain  a 
homogeneous  copper  of  the  greatest  possible 
strength  and  toughness.  The  temperature 
of  the  bath,  the  strength  and  composition  of 
the  solution  have  to  be  carefully  regulated 
through  this  stage  of  the  process  which 
reqvures  from  30  to  40  hours.  The  arrange- 
ment of  the  anodes,  the  current  density  and 
the  specific  gravity  of  the  solution  are  addi- 
tional points  that  require  close  attention. 
After  the  requisite  amount  of  copper  is 
deposited,  determined  by  the  number  of 
hours  and  the  current  density,  the  mirror  is 
removed,  washed  and  allowed  to  dry.  When 
dry  the  clips  supporting  the  mirror  are 
removed  and  the  mirror  placed  on  a  table  for 
backing,  see  Fig.  1.  A  coat  of  adhesive 
material  is  then  applied  to  the  surface  of  the 
copper  and  allowed  to  dry  thoroughly.  Then 
a  backing  in  the  form  of  a  plastic  coating  is 
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applied  to  a  thickness  of  3^  in.  and  carefully 
smoothed  and  gauged  on  the  edge  to  a  uni- 
form thickness  so  that  when  mounted  the 
axis  of  the  mirror  will  be  in  the  correct 
position.  As  soon  as  the  backing  is  com- 
pletely dry  and  hard  the  mirror  with  back  is 


conditions  it  must  be  coated  with  lacquer,  see 
Fig.  2.  The  lacquer  is  flowed  on  and  allowed 
to  dry  in  a  dust-free  room.  The  back  of  the 
mirror  is  then  painted  and  the  mirror  stocked 
ready  for  shipment.  In  order  to  obtain  a 
greater  strength  in  the  back  it  was  thought 


Fig,  4.      Line  Pliotograph  on  44-in.  Metal  Searchliglit  Mirror 


Fig.  5.      Line  Photograph 


removed  from  the  glass  and  if  necessary  the 
silver  surface  cleaned.  No  polishing  is 
required  as  the  silver  comes  from  the  glass 
with  a  high  degree  of  polish,  in  fact,  polished 
better  than  it  would  be  possible  to  do  with 
any  ordinary  polishing  means.  In  order  to 
protect  the  silver  surface  from  atmospheric 


advisable  to  use  a  sheet  steel  support  in  addi- 
tion to  the  plastic  compound.  This  was  made 
up  in  sections  and  welded  together  giving  a 
strong  reinforcement  having  a  weight  of  only 
35  lb.  This  steel  was  perforated  with  holes 
about  J-s  inch  in  diameter,  allowing  the 
plastic  compound  to  come  through  and 
clinch  all  over  the  surface  of  the  mirror  back, 
see  Fig.  3.  This  form  withstands  very  much 
more  abuse  than  any  glass  or  ordinary  mirror 
backing  without  injuring  the  surface,  in  fact 
this  mirror  seems  to  be  so  strong  that  it  is 
now  planned  to  mount  the  entire  mirror  and 
lamp  from  pivots  attached  to  this  steel 
backing  of  the  mirror  thereby  saving  a  large 
amount  of  weight. 

The  method  of  depositing  silver  and  copper 
so  as  to  produce  a  metallic  layer  that  could 
be  removed  from  the  glass,  the  actual  remov- 
ing of  the  mirror  from  the  glass  and  the 
handling  of  the  heavy  bulky  piece  throughout 
the  processes  were  all  problems  to  which 
much  attention  had  to  be  paid,  and  many 
experiments  were  made  before  a  satisfactory 
process  was  finally  reached.  The  plastic 
compound  used  for  a  backing  material  as 
well  as  the  adhesive  also  demanded  careful 
attention.   The  backing  required  to  be  strong, 
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li^lil,  ti>ii};h  and  witliinit  any  shrinkaRe  or 
expansion  on  scltinj,',  It  was  llKmj;lit  at  one 
lime  that  the  eopper  should  be  deposited  with 
a  rouj^h  surface  and  the  hacking  made  to 
adhere  to  this  rough  copper.  This  could  be 
done,  but  it  was  found  that  the  roughness 
tended  to  show  on  tiie  surface  of  the  silver 
mirror  as  very  minute  distortions  of  the 
curvature.     Then,  too,  if  the  back  is  every- 


where absolutely  tight  to  the  metal  the  un- 
a\'oidahle  dilTerence  in  thermal  expansion 
between  the  two  wouhl  cither  pull  and  distort 
the  silver  or  crack  the  backing  or  both.  I'igs. 
4  and  5  give  some  idea  of  the  accuracy  of 
curvature  which  has  already  been  attained 
in  the  manufacture  of  mirrors  by  this  method 
and  I'ig.  (1  shfiws  a  similar  test  on  a  high  grade 
elas^  mirror. 


Adaptation  of  the  High  Intensity  Arc  to  the  Open- 
type  60-inch  Army  Searchhght 

By  John  T.  Beicchlv.n 

Street  Lightinc.  Ddep.^rtment,  Gexer.vl  Electric  Co.mpany,  Lynx  Works 

After  pointing  out  the  characteristics  essential  to  the  production  of  a  high-intensity  arc  and  describing 
how  these  are  obtained  in  practice,  the  author  successively  deals  with  the  mounting  and  connections,  the 
ventilation  system,  mechanical  construction,  and  feeding  mechanism.  He  then  discusses  occultation  and  con- 
cludes his  article  with  an  account  of  the  arc-viewing  system  and  the  way  in  which  the  "projection  character- 
istics" have  been  improved. — Editor. 


T' 


John  T.  Beechlj-r 


'HE  highest  devel- 
opment in  light 
generation  for  projec- 
tion purposes  hasbeen 
attained  in  the  so- 
called  high  intensity 
arc.  This  arc  owes 
its  characteristics  to 
the  extreme  tempera- 
ture of  the  gaseous 
contents  of  the  posi- 
tive crater  which  can 
be  produced  under 
certain  conditions. 
These  conditions  in- 
clude :  high  current 
density  by  employment  of  relatively  small 
diameter  electrodes  of  special  composition, 
uniform  conservation  of  the  crater  walls 
through  rotation  of  the  positive  electrode, 
protective  covering  for  the  electrode  near 
the  arc  to  prevent  excessive  oxidization,  and 
the  maintenance  of  the  arc  in  fixed  relation 
to  the  crater  of  the  positive  electrode. 

The  chief  advantage  from  this  concentra- 
tion of  energy  is  found  in  the  high  penetration 
and  small  divergence  of  the  resulting  beam 
projected  from  a  given  reflector.  This  result 
can  be  obtained  to  a  considerable  extent  by 
using  a  mirror  of  considerably  greater  focal 
length  and  correspondingly  increased  diame- 
ter with  an  ordinary  type  of  arc,  but  on  ac- 
count of  the  low-er  specific  brilliancy  of  the 
ordinary  arc,  a  large  mirror  combination  will 


not  equal  a  high  intensity,  except  by  using  a 
greater  amount  of  energy  and,  of  course,  the 
large  mirror  would  involve  a  great  increase  in 
weight  and  cost  of  the  whole  equipment. 

The  automatic  lamp  has  been  found  satis- 
factory for  naval  and  coast  defense  applica- 
tions. The  simple  and  more  rugged  hand- 
operated  lamp  is  more  suitable  for  open  war- 
fare field  conditions. 

In  other  respects  the  design  of  the  present 
lamp  unit  was  governed  by  the  inherent  reqtiire- 
ments  in  regard  to  means  of  occultation,  arc 
viewing  system  and  facilities  for  arc  control 
under  all  degrees  of  elevation  that  are  char- 
acteristic of  the  open-type  mounting.  In  addi- 
tion certain  dimensional  restrictions  were  im- 
posed by  the  "breach  loading"  featiu^e  of 
mounting  which  had  already  been  developed 
in  connection  with  the  medium  intensity 
lamp  unit  A^dth  which  ready  interchange- 
ability  must  be  maintained. 

The  aim  has  therefore  been  to  meet  these 
requirements  and  to  obtain  the  greatest 
facility  for  efficiently  operating,  trimming 
and  handling  the  lamp  that  is  consistent  with 
the  fundamental  simplicity  that  has  char- 
acterized the  w'hole  equipment. 

This  has  resulted  in  the  production  of  a 
lamp  in  which  departures  from  existing  prac- 
tices have  been  made  both  as  regards  con- 
struction and  manner  of  operation.  In  certain 
respects  distinct  improvements  in  the  charac- 
teristics of  the  projected  beam  have  been 
obtained.    To  this  reference  will  be  made  later. 
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Mounting   and   Connections 

A  general  view  of  the  lamp  in  operating 
position  in  the  open-type  mounting  is  shown 
in  Fig.  1.  The  lamp  is  placed  in  position  by 
in.sertion  from  the  rear  through  a  central  open- 
ing in  the  mirror  support  and  is  retained  by  a 
radially  operative  bolt  which  engages  a  square 
thread  cut  into  a  ring-shaped  member  carried 
by  the  lamp  near  its  base.  This  ring  can  be 
independently  rotated  by  means  of  a  flanged 
extension  serving  as  a  hand  wheel,  and  the 
lamp  by  this  means  moved  axially  into  correct 
position  with  reference  to  the  focus  of  the 
mirror. 

Support  is  lent  to  the  central  portion  of  the 
lamp  by  a  sleeve  that  extends  forward  from 
the  breech  casting  to  which  it  is  fastened  by 
insulating  means.  This  sleeve  forms  the  posi- 
tive terminal  of  the  lamp  mounting  and  estab- 
lishes contact  with  the  drum-like  middle  por- 
tion of  the  lamp  unit  which  is  directly  con- 
nected with  the  contacting  means  of  the  posi- 
tive electrode. 

Connection  for  the  negative  electrode  is 
established    by    means    of    a    fiexible    cable 


extending  from  the  switch  carried  on  the 
mounting  to  a  plug  socket  in  the  base  of  the 
lamp. 

In  the  above  respects  the  arrangement  is 
very  similar  to  that  employed  with  the 
medium  intensity  lamp. 

Characteristics  of  Draft  System 

The  chimney  is  attached  to  the  lamp  after 
the  latter  is  in  position  and  is  fastened  by 
merely  being  pushed  into  a  light-tight  drawer- 
like slide  over  the  arc  chamber. 

The  inclined  position  of  the  chimney  rela- 
tive to  the  lamp  axis  assures  the  vertical  rise 
necessary  for  draft  under  all  conditions  of 
elevation  of  the  beam. 

When  a  target  is  followed  across  the  sky  the 
two  planes  of  rotation  in  the  mirror  mounting 
are  ordinarily  both  brought  into  play,  the 
azimuth  movement  being  used  principally 
when  the  target  approaches  its  highest  eleva- 
tion over  the  horizon.  As  the  beam  is  again 
lowered  the  chimney  will,  under  these  condi- 
tions, regain  its  upward  position  in  a  natural 
way. 


Fig.  1.      High  Intensity  Arc  Lamp  as  Adapted  to  Open-type  60-in.  Army  Searchlight 
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Il'.liDWcvor, llieZLMiilh  is  lra\crsc(l  l)y  lliotar- 
}jel,  iho  clc\'alii)n  movoiiu-nl  imisl  l)i-  ivsorU'd 
to  and  during  the  sul)S(.xiU(.'nl  Idwi-riiif^  of  tlif 
l>oam  llic  lamp  and  its  ihinmcy  will  snlTcr 
inversion.  Provision  is  ihorct'orc  made  where- 
by the  lanip  itself  may  he  rotated  ISO  deg. 
within  its  mountin<j  and  if  this  is  clone 
while  still  under  a  hiKh  elevation  the 
vortieal  draft  rise  will  be  constantly 
maintained.  This  turninr;  operation 
can  he  elTectcd  by  j:;rip])in.>,'  the  rim  of 
the  operating  base  of  the  lamp  which 
for  this  purpose  has  been  extended 
rearward  to  form  a  hand  wheel. 

The  focal  relation  is  not  disturbed 
by  this  operation  since  the  aforemen- 
tioned annular  screw  member  does 
not  partake  in  the  rotation,  being 
retained  by  the  spring  pressure  of  the  lock 
bolt  in  the  breach. 

Mechanical  Construction 

A  general  view  of  the  lamp  removed  from 
its  mounting  is  shown  in  Fig.  2,  and  in  Fig.  3 
the  lamp  is  shown  dissected  into  its  major 
component  units,  which  include  frame  with 
operating  base,  arc  chamber,  positive  and 
negati\-e  feed  mechanisms,  occulting  system, 
arc  viewing  system  and  chimney. 

The  frame  consists  of  three  longitudinal 
steel  strips  joined  by  spotwelding  to  spun 
steel  members,  its  general  form  being  apparent 
from  the  illustration.     Bv  means  of  a  heavv 


handles  ior  oiierating  the  occuller  and  fcedin>{ 
the  electrodes.  The  positive  feed  handle 
which  is  in  most  constant  use  is  normally  pro- 
jecting beyond  the  base  rim.  This  handle 
may,  liowevcr,  be  snai>ped  into  a  telescoped 
position  within  the  outline  of  the  rim.    This 


nbled  View  of  High  Intensity  Arc  Lamp 


p  Removed  from  Its  Mounting 

allows  the  lamp  unit,  when  the  occultcr  is 
closed,  to  be  stood  vertically  on  its  base,  a 
position  that  is  very  convenient  when  making 
adjustments  on  the  lamp  while  it  is  removed 
from  its  mounting. 

The  arc  chamber  is  made  from  a  calorized 
casting  of  boron-copper,  which  externally  is 
provided  with  cooling  flanges  for  keeping  the 
temperature  below  that  of  luminous  heat. 
The  arc  chamber  is  mounted  at  one  extremity 
of  the  frame  rods  bj-  insulating  means.  These 
consist  of  mica  washers  fitted  in  countersunk 
holes  in  both  sides  of  the  end  flange  and  per- 
manently held  in  position  by  means  of  spun- 
over  steel  bushings.  This  construction  is 
characteristic  of  the  insula- 
tion throughout  the  lamp, 
there  being  an  entire  ab- 
sence of  small  loose  insula- 
tion pieces  when  the  lamp 
is  disassembled.  Similar 
insulating  supports  are 
pro\-ided  between  the  arc 
chamber  and  the  base  of 
the  positive  feed  mecha- 
nism. Electrical  connec- 
tion is  made  between 
this  latter  member  and 
the  lower  frame  rod  by 
means  of  a  copper  rod 
passing  through  clearance 
holes  in  the  flanges  of  the 
arc  chamber. 


bakeHte  plate  it  is  insulated  from  the  cast 
aluminum  focusing  screw  and  the  operating 
base.  The  latter  is  made  from  spun  steel 
which  is  pierced  on  one  side  to  allow  the 
mounting  of  the  arc  viewing  screen.  In  the 
recess  within  the  rim  of  the  base  are  located 


Electrode  Feed  Mechanisms 

The  rotation  and  axial  feed  of  the  positive 
electrode  is  effected  by  means  of  sharp 
toothed  double  friction  rollers,  made  from 
hardened  steel  that  clamp  the  carbon  from 
opposite  sides.     During  the  feeding  operation 
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these  rollers  are  swung  around  the  electrode 
axis,  though  being  carried  by  a  gear  that  re- 
ceives its  motion  from  a  pinion  directly 
mounted  on  an  extension  from  the  operating 
handle  at  the  rear  of  the  lamp.  At  the  same 
time  a  slow  rotation  is  imparted  to  the  rollers 
by  means  of  a  planetary  worm  drive  which  is 
actuated  by  a  star  wheel  that  successively 
engages  a  number  of  stationary  pins  mounted 
around  the  supporting  gear.  By  altering  the 
number  of  these  pins  the  ratio  of  rotation  to 
axial  feed  of  the  electrode  may  be  varied. 

CuiTent  is  supplied  the  electrode  by  means 
of  spring-actuated  silver  contact  brushes  to 
which  connection  is  made  by  flexible  silver 
conductors  of  flat  section.  These  contacts 
are  situated  an  appreciable  distance  from  the 
arc  crater.  Over  the  intervening  space,  to 
within   a   short   distance   of   the    crater,    the 


15  inches  for  the  positive  electrode,  the  diam- 
eters being  j^  in.  and  ^  in.  respectively. 
With  an  arc  potential  of  SO  volts  and  normal 
current  of  150-160  amperes  continuous  oper- 
ation for  fully  one  hour  is  obtained. 

Occultation 

The  established  practice  in  connection  with 
arc  searchlights  of  providing  means  whereby 
the  arc  may  be  started  and  tried  out  without 
externally  visible  evidence  of  this  taking  place 
had  been  followed  in  the  case  of  the  open  field 
light.  In  the  closed  type  the  practice  has  been 
to  effect  this  occultation  by  arresting  the  beam 
after  it  leaves  the  mirror  by  means  of  a  suit- 
able shutter  mechanism,  which  obviously 
must  be  of  large  dimensions. 

The  necessity  of  employing  different  means 
in  the  case  of  the  open  type  is  the  cause  of  one 


Fig.  4.      Diagram  of  Optical  System  Employed  with  High  Intensity  Arc  La 
for  60-in.  Open-type  Army  Searchlight 


electrode  is  protected  by  a  calorized  copper 
tube  provided  with  cooling  flanges. 

A  somewhat  similar  arrangement  of  con- 
tacts and  protection  is  employed  for  the  nega- 
tive electrode,  but  in  this  case  the  rotational 
feature  is  omitted  and  provision  is  made  for 
axial  feed  only.  A  large  diameter,  double  feed 
roller  is  employed  and  this  is  actuated  by  a 
simple  worm  drive,  the  worm  being  carried 
directly  by  the  rod  extending  to  the  handle  in 
the  base  of  the  lamp.  In  order  to  strike  the 
arc  the  negative  carbon  may  be  rapidly  ad- 
vanced by  exerting  a  pull  on  this  handle.  In 
this  case  the  gear  and  worm  momentarily  as- 
sume the  function  of  a  rack  and  pinion.  After 
the  arc  has  been  established  the  handle  and 
electrode  are  returned  to  their  normal  posi- 
tion by  means  of  a  spring.  The  burning 
length  is  S  inches  for  the  negative  electrode  and 


of  the  fundamental  differences  between  the 
two  types. 

Occultation  in  the  open  type  is  best  effected 
by  means  of  a  cylindrical  shutter  which  in- 
tercepts the  light  between  the  source  and  the 
mirror.  The  closer  to  the  source  this  cut-off 
is  effected  the  smaller  will  be  the  required 
dimensions  of  the  shutter  and  the  range  of 
axial  movement  it  must  cover. 

In  the  present  lamp  this  dimensional  ad- 
vantage has  been  carried  as  far  as  provision 
for  efficient  ventilation  \\ill  permit,  the 
shutter  when  closed  serving  as  a  duct  which 
provides  all  the  air  entering  the  arc  chamber 
and  chimney. 

Arc  Viewing  System 

Closely  associated  with  and  largely  condi- 
tioned by  this  manner  of  occultation  is  the 
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special  arc  viowiii);  sysloin  thai  has  bi-i'ii 
developed  for  this  lamp. 

To  prevent  the  escape  of  HkIh  when  the 
lamp  is  occulted  and  at  the  same  time  obtain 
the  best  jxissiltle  conditions  for  the  t)perator 
who  is  situated  behind  the  lamp  and  normally 
operating  the  controls  with  his  rij^lit  hand,  an 
image  of  the  arc  and  its  immediate  surround- 
ings is  projected  back  through  the  lamp  to  a 
screen  on  the  left  side  of  the  operating  base. 
The  disposition  of  the  electrodes  in  this  image 
appear  exactly  as  if  viewed  a  few  feet  farther 
forward  abreast  the  arc;  and  the  location  of 
the  image  within  a  few  inches  of  the  con- 
trolling handles  and  corelative  to  the  move- 
ments of  these  is  a  distinct  advantage 
in  controlling  the  conditions  of  the  arc  and 
crater. 

The  optical  elements  employed  are  shown 
in  a  horizontal  section  in  Fig.  4  and  consist  of 
a  two-lens  system  into  which  is  inserted  a 
small  reflecting  i^rism  for  turning  the  light  at 
right  angles.  The  tube  containing  these  mem- 
bers is  held  in  a  ball  socket  clamp  on  the  side 
of  the  arc  chamber  and  is  readily  removable. 
The  image  is  projected  back  through  the  lamp 
outside  the  occulting  shutter  and  is  again 
turned  through  90  deg.  by  means  of  a  mirror 
and  brought  to  a  focus  in  natural  scale  on  a 
ground  glass  screen  on  which  a  fixed  black 
line  serves  to  indicate  the  correct  position  of 
the  crater  edge. 

A  distinct  advantage  of  this  arrangement  is 
found  in  the  fact  that  the  whole  system  is  car- 
ried by  the  lamp  unit  which  allows  the  posi- 
tion of  the  arc  to  be  altered  \\"ith  respect  to  the 
mirror  by  axial  adjustment  of  the  lamp's  posi- 
tion %^"ithout  disturbing  the  location  of  the  arc 
on  the  viewing  screen,  a  point  of  much  im- 
portance when  it  is  considered  that  the  arc 
to  obtain  the  best  operation  must  be  situated 
in  a  very  definite  relation  to  its  irrunediate 
surroundings. 

The  arrangement  of  a  lens  within  a  few 
inches  of  a  source  of  about  13  lew.  of  energy  is 
rendered  feasible  bv  the  relativelv  low  illu- 


mination required  in  the  image  when  com- 
pared with  the  intensity  of  the  light  source. 
This  allows  the  use  of  a  very  small  objective, 
a  few  millimeters  in  diameter,  which  readily 
endures  the  conditions  that  would  cause  frac- 
ture or  fusing  with  a  larger  piece  of  glass. 

Improved  Projection  Characteristics 

An  ohjectional  feature  in  the  beam  from  a 
high  intensity  arc  searchlight  is  present  in  the 
projected  inverted  image  of  the  arc  flame  that 
surmounts  the  positive  crater  and  which 
causes  the  appearance  of  a  luminous  mantle 
beneath  the  beam  proper.  This  appended 
projection  serves  no  useful  purpose,  while  by 
its  diffusion  in  the  atmosphere  it  lowers  the 
visibility  of  the  target  from  points  near  the 
searchlight  and  may  cause  undesired  illu- 
mination of  objects  in  the  foreground.  It 
also  imparts  a  flickering  aspect  to  the  beam. 

In  the  present  lamp  it  has  been  found  pos- 
sible to  practically  eliminate  this  objectionable 
feature  by  means  of  a  screen  which  prevents 
the  light  from  the  arc  tongue  from  reaching 
the  mirror.  To  be  effective  this  screen  must 
be  placed  very  near  to  the  positive  crater, 
while  still  pro\'iding  egress  for  the  arc  flame. 
It  must  also  be  kept  sufficiently  cool  to  en- 
dure and  not  itself  become  a  source  of  light 
through  incandescence. 

To  this  end  a  calorized  copper  apron  is  pro- 
■^-ided  which  depends  from  the  chimney  base 
across  the  arc  chamber  to  within  a  fractional 
part  of  an  inch  above  the  crater,  its  lower  edge 
being  slightly  in  front  of  the  crater  edge.  Be- 
ing cast  integral  vnth  the  chimney  base  the 
heat  is  readily  conducted  up  through  this 
member  and  from  there  radiated  by  cooling 
flanges.  Tests  made  ^^-ith  this  arrangement 
show  a  very  distinct  improvement  in  the  defi- 
nition of  the  beam,  the  luminous  mantle 
being  practically  eliminated,  and  also  a  marked 
increase  in  its  apparent  stabiUty  and  this 
gain  appears  to  be  unaccompanied  by  an}-  loss 
of  light  in  the  beam  itself  or  any  impairment 
of  operation. 
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Glass  Searchlight  Mirrors 

By  Dr.  Howard  D.  Minchin 

Optical  Engineer,  Engineer  Corps  U.  S.  Army 

This  article  and  the  one  by  Mr.  R.  B.  Hussey  are  of  especial  interest  in  that  together  they  cover  the 
only  practical  searchlight  reflectors,  viz.:  glass  mirrors  and  metal  mirrors.  Dr.  Minchin  outlines  the  general 
requisites  of  a  searchlight  mirror,  states, the  characteristics  of  the  glass  mirror,  and  describes  some  of  the 
difficulties  surmounted  in  producing  this  type.  The  remainder  of  the  article  he  devotes  to  a  brief  statement 
of  the  detailed  steps  in  manufacturing  and  testing  a  glass  searchlight  mirror. — Editor. 
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Howard  D.  Minchii 


'HE  use  of  amirror 
in  the  searchlight 
work  of  the  army  is 
of  vital  importance. 
The  target  to  be  illu- 
minatedisof  necessity 
at  a  considerable  dis- 
tance from  the  source 
of  light.  In  order  that 
sufficient  light  be  im- 
pinged upon  this  tar- 
get for  observation 
purposes  there  is 
needed  some  means  of 
gathering  and  reflect- 
ing to  it  a  large  part 
of  the  light  emitted  by  the  source.  For  this 
purpose  a  reflector  is  used.  This  reflector 
must  possess  the  ability  to  collect  as  large  a 
part  of  the  emitted  beam  as  possible  and  then 
to  reflect  it  to  the  target.  To  accomplish  the 
latter,  the  beam  must  be  reflected  as  a  parallel 
beam.  In  addition  to  this  requirement,  the 
reflector  m.ust  stand  up  under  rather  severe 
strains  when  in  operation. 

1.  Strain  due  to  the  great  heat  from  the 
source  of  light. 

2.  Strain  dtxe  to  transportation  and  hand- 
ling. 

3.  Strain  due  to  shell  fire  in  the  field. 

The  shape  of  the  reflector  to  give  high 
gathering  power  and  proper  reflecting  power 
is  a  surface  in  the  form  of  a  paraboloid  and  is 
termed  a  parabolic  mirror. 

Metal  mirrors  were  used  at  first.  These 
stood  the  strain  but  failed  in  the  reflecting 
power.  A  polished  metal  surface  corrodes 
very  readily  and  is  easily  scratched  and  the 
reflecting  power  verj^  rapidly  falls  off.  Glass, 
on  the  other  hand,  readily  takes  on  a  very 
high  polish  and  a  silvered  glass  has  high 
reflecting  power.  Glass  is  easily  moulded 
into  any  desired  shape  and  to  produce  a 
paraboloid  is  relatively  easy.  The  glass 
mirror  now  used  is  a  paraboloid  silvered  on 
the  convex  side  and  backed  by  a  suitable 
backing.       However,     to     produce     a    good 


parabolic  glass  mirror  has  taxed  the  skill  of 
the  manufacturer. 

Practice  proves  that  a  true  parabolic 
mirror  will  not  produce  a  reflected  parallel 
beam;  first,  because  a  parallel  beam  results 
only  when  the  source  of  light  is  a  point;  and, 
second,  the  thickness  of  the  glass  results  in  a 
refraction  that  interferes  with  the  parallelism 
of  the  beam.  It  has  been  found  necessary 
to  give  the  convex  surface  a  curve  somewhat 
different  from  a  parabola  so  that  the  refrac- 
tion produced  combined  with  the  effect 
resulting  from  the  size  of  the  source  will  co- 
operate to  produce  a  parallel  beam. 

One  of  the  principal  difficulties  in  the 
manufacture  of  the  glass  parabolic  mirror 
has  been  the  zones  which  result  when  the 
curve  has  once  been  produced. 

Fig.  1  is  a  photograph  made  of  a  mirror 
baA'ing  a  good  curve  but  showing  zones  in  the 
surface.  Fig.  2  is  a  photograph  of  a  mirror 
with  good  reflecting  power  and  free  from 
zones.  This  mirror  gives  a  parallel  beam 
free  from  ghosts. 

To  withstand  the  strains,  a  glass  has  been 
produced  that  with  proper  annealing  is  ^•ery 
tough.  It  is  remarkably  free  from  stones, 
striae,  bubbles,  fish-eyes,  comets,  etc.,  and  has 
a  good  color  and  a  low  absorption  coefficient. 
When  the  mirror  is  silvered  and  properly 
backed  it  withstands  all  ordinary  strains  as 
well  as  a  mirror  of  metal.  The  glass  serves 
as  a  supporter  for  the  silver  reflecting  surface 
and  also  serves  as  a  protector  of  this  surface. 
The  backing  protects  the  reflecting  stirface 
on  the  other  side  and  serves  to  hold  the  glass 
together  in  case  of  breakage  due  to  shell  fire 
or  other  cause. 

At  present,  tests  are  being  made  with  a 
view  of  producing  a  backing  that  will  possess 
good  protective  qualities  and  a  higher  sup- 
porting property  and  at  the  same  time  keep 
the  weight  low.  It  is  also  proposed  that  a 
thinner  glass  be  used.  A  thinner  glass  ■n-ill 
reduce  the  weight  and  make  handling  easier. 
It  can  be  annealed  more  efficiently  than  the 
thick  glass  and  thus  •will  be  tougher.  It  will 
absorb  less  heat  from  the  source  of  light  and 


CLASS  SI'ARCIII.Kiirr   MIRknkS 


01(1 


tlierefore   will    rcdiu-i.'    llu'    hrrakuKi'   'iiu'    to 
tcmperiiture  elTi'ots. 

Tho  inclhod  now  hcin^  used  in  sil\i'iin,i;  and 
till'  ini-thod  of  aUaohiiiK  \hv  hacking  llial  is 
])roiiosed  will  produce  a  mirror  which  is 
heki.  as  it  were,  in  a  solid  cup  that  ])rotects 
the  reflecting;  surface  aj^ainst  all  foreign 
action. 

Manufacture  of  the  Mirror 

The  manufacture  of  the  searchlight  mirror 
is  covered  briefly  in  the  following.  The 
difTerent  steps  are  given  with  a  short  state- 
ment of  each  step. 

Mixing  the  IngrcJicnis  for  the  lilass.  The 
ingredients  in  the  proper  proportion  and  of 
the  pro])er  i)unty  are  very  carefully  mixed. 


f^~^ 

i\                                       ,::i| 

:  g: : :  : 

\b»»^^ 

Line  Photo 
Curvature 


;raph  of  Mirror  Having  Good 
but  Showing  Zones 


The  ingredients  chosen  are  determined  b>- 
the  kind  and  the  quality  of  the  glass  desired. 

Melting.  When  thoroughly  mixed,  the  mix 
is  fed  into  a  large  glass  pot  and  placed  in  the 
furnace  where  it  is  melted  and  kept  at  a  given 
temperature  a  sufificient  time  to  assure  its  being 
thoroughly  fluid  and  that  all  the  material  is 
melted. 

Pouring.  When  the  melt  is  ready,  the  pot 
is  taken  from  the  kiln  by  large  mechanically 
operated  tongs.  It  is  skimmed  and  the  out- 
side cleaned  from  all  dirt  particles.  The  glass 
is  then  poured  upon  a  large  steel  table  that  is 
water-cooled.  The  glass  mass  is  then  rolled 
out  to  the  desired  thickness  by  a  water- 
cooled  roller.  The  rolled  sheet  is  trimmed  and 
then  pushed  into  the  lehr.     It  is  passed  gradu- 


ally from  chamlter  to  chamber  of  the  lehr, 
each  chamber  being  of  a  lower  temjjeralurc 
than  the  one  preceding.  A  given  sheet  of 
glass  requires  about  one  and  a  half  hours  to 
l)ass  completely  through  the  lehr  and  become 
])roperly  annealed. 

( 'titling.  In  the  last  chamber  of  the  lehr, 
ins] lectors  check  the  sheet  for  flaws,  after 
which  it  is  passed  out  onto  a  large  table  and 
there  cut  into  the  largest  pieces  possible 
without  flaws.  The  glass  for  a  searchlight 
mirror  is  cut  circular. 

Moulding.  The  circular  disk  is  placed  on 
the  mould  in  the  oven  and  the  temperature 
is  gradually  raised  to  about  l.'ioO  deg.  F. 
When  the  glass  becomes  soft  enough  it  falls 
to  fit  the  mould. 


Fig.  2.      Line  Photograph  of  Mirror  with  Good 
Reflecting  Power  and  Free  from  Zones 

Annealing.  The  temperature  is  held  at 
1350  deg.  F.  for  about  10  hours.  It  is  then 
cooled  to  900  deg.  F.  at  about  10  deg.  per 
hour.  Then  it  is  cooled  to  700  deg.  at  the 
rate  of  20  deg.  per  hour.  From  700  deg.  F. 
the  kiln  door  is  opened  and  the  cooling  goes 
on  until  room  temperature  is  reached. 

Grinding.  To  grind  the  surface  to  a  uni- 
form condition: 

1.  A  wheel  driven  oyer  the  surface  and 
guided  by  templates  has  been  tried,  the 
abrasive  being  fed  to  the  wheel  at  the  point 
of  contact. 

2.  An  abrasive  wheel  has  been  used  and 
driven  as  above. 

3.  DifTerent  forms  of  laps  varying  from 
a  strap  to  a  complete  shell  have  been  tried. 
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Different  abrasives  have  been  used  such  as 
carborundum,  emery,  and  sand.  The  best 
form  of  grinder  and  abrasive  is  still  in  doubt. 

Smoothing.  For  smoothing,  different  forms 
of  laps  are  being  tried  out  with  a  fine  grade 
of  sand.  The  best  form  of  lap,  here  also,  is 
yet  to  be  determined  upon. 

Polishing.  Rouge  is  used  for  polishing  but 
some  doubt  exists  as  to  the  best  form  of  lap 
to  be  used.  In  polishing,  the  lap  is  driven 
at  a  higher  rate  of  speed  than  in  the  other 
processes.  A  greater  pressure  is  also  applied 
to  the  lap. 

Silvering.  The  surface  to  be  silvered  is 
thoroughly  cleansed  and  the  disk  is  then 
lowered  into  the  silver  bath  and  left  about 
two  and  a  half  hours.  The  scheme  of  silvering 
is  to  allow  the  silver  to  deposit  upwards. 
This  gives  a  very  uniform  deposit  and  one 
free  from  all  fish-eyes,  dust  particles,  etc. 

Copper  Plating.  The  silvered  mirror  is 
then  transferred  to  the  copper  plating  tank 
and  a  current  of  SO  amperes  at  one  half  a 
volt  is  passed  through  the  solution  for  one 
half  hour.  This  gives  a  deposit  of  great 
uniformity  and  one  free  from  fish-eyes. 

If  a  thicker  deposit  of  copper  is  desired, 
all  that  is  necessary  is  to  let  the  current  pass 
through  the  solution  a  longer  time. 

Backing.  When  the  copper  plating  is  com- 
pleted several  coats  of  paint  are  applied.  Wire 
mesh  is  attached  when  the  last  coat  of  paint 
is  still  quite  tack3^  The  mesh  is  pulled 
tightly  in  place  and  a  heavy  coat  of  a  special 
paint  about  the  consistency  of  putty  is  ap- 
plied. This  mixture,  which  is  waterproof,  is 
worked  well  into  the  mesh  and  allowed  to  dry. 
A  good  coat  of  black  paint  is  now  applied  and 
the  mirror  is  placed  in  an  oven  at  a  tempera- 
ture of  90  deg.  C.  and  baked  for  24  hours. 

Testing  of  Glass  Searchlight  Mirrors 

The  testing  of  glass  searchlight  mirrors 
may  be  considered  in  two  parts:  First,  the 
inspection  and  testing  of  the  glass,  and, 
second,  the  inspection  and  testing  of  the 
finished  mirror. 

As  proper  glass  is  an  absolute  necessity 
great  care  is  required  in  its  manufacture. 
The  quality  and  proper  proportion  of  the 
ingredients  must  be  carefully  adhered  to. 
The  temperature  of  the  furnace  and  the  proper 
length  of  time  the  melt  is  left  in  the  furnace 
must  be  carefully  attended  to.  The  pouring 
and  the  annealing  of  the  plate  are  very 
important  factors. 

When  taken  from  the  lehr  the  glass  is 
inspected  and  after  being  polished  it  is  again 


inspected.  The  glass  must  be  clear  white, 
free  from  stones,  bubbles,  strice,  fish-eyes, 
comets,  stars,  stone-cracks,  smoke,  etc.  In 
the  finish  of  the  glass  disk  the  surface  must 
be  reasonably  free  from  fire  cracks,  blotches, 
and  deep  surface  bubbles.  The  disk  should 
be  subjected  to  a  very  thorough  test  for 
toughness  and  a  careful  test  for  proper  anneal- 
ing should  be  given  it. 

Having  passed  all  these  tests  satisfactorily 
the  disk  is  ready  for  the  mirror  manufacturer 

There  are  some  fifteen  steps  in  the  manu- 
facture of  the  mirror.  First  comes  the  bend- 
ing of  -the  disk  to  the  required  form  and  the 
proper  annealing  of  this  form.  (When  this 
step  is  completed  the  form  may  be  tested  but 
this  is  more  in  the  interest  of  the  manu- 
facturer and  concerns  the  ease  of  production 
chiefly.)  The  annealing  should  be  thoroughly 
tested,  as  upon  this  depends  the  toughness  of 
the  glass  and  its  ability  to  stand  up  under  use. 
Polarized  light  may  he  used  for  testing  the 
annealing. 

The  disk  is  then  ground,  smoothed  and 
polished  and  when  a  surface  free  from  sleets, 
scratches  and  surface  flaws  is  produced  the 
convex  surface  is  silvered.  The  mirror  should 
now  be  inspected  and  tested  carefully  for 
form  of  curve  and  for  focus. 

Focal  Point  Test.  A  beam  of  light  one 
inch  in  diameter  is  projected  parallel  to  the 
axis  of  the  mirror  and  moved  across  the  mirror 
perpendicular  to  the  axis.  The  reflected  beam 
should  pass  through  a '  point  which  remains 
fixed.  When  this  occurs  the  mirror  has  no 
spherical  aberration.  In  practice  a  tolerance 
of  about  three  eighths  of  an  inch  is  allowed. 

Line  Test.  The  reflection  from  the  mirror 
of  a  screen,  consisting  of  a  series  of  lines  so 
ruled  as  to  form  squares,  is  photographed. 
A  regular  series  of  lines  will  indicate  that  the 
m.irror  is  uniform  in  thickness  and  free  from 
irregularities  caused  by  grinding. 

Night  Illumination  Test.  This  test  con- 
sists in  placing  at  the  focal  point  of  the  mirror 
a  strong  source  of  light  and  reflecting  the 
beam.  If  the  mirror  is  of  the  correct  curve 
the  reflected  beam  will  be  parallel  and  will 
show  uniform  intensity  in  any  given  cross 
section.  It  will  be  free  from  zones  and  free 
from  ghosts.  These  ghosts  are  cones  of  light 
outside  the  parallel  beam  and  are  caused 
bj'  irregularities  in  the  surface  of  the  mirror. 
The  silver  surface  should  be  of  uniform 
depth  of  deposit. 

Backing  Test.  The  copper  plating  should 
be  uniformlv  applied  and  of  the  proper 
thickness.     The  paint   and  wire  mesh  must 
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be  evenly  iipplit'tl  luul  lirml\-  lixed  In  llu' 
mirror.  Tlie  haekiuK  slioiiUl  not,  he  ;ttTei-tcil 
when  suhjeeled  to  ;i  dry  heut  of  !)()  de^.  (". 
for  ;i  ])eriod  of  21  hours.  TIk-  relleelini^  hack- 
inj;  should  not  show  an\'  discoloration  after 
being  thus  heated. 

In  the  tests  of  (he  mirror,  tlu'  ojjtieal 
qualities  must  he  looked  for  rather  tiian  the 
appearance  of  the  mirror.  A  huhhle  in  the 
mirror  mav  look  had   hut  it   is  of  little  im- 


])ortance  ojitically.  A  sli(,'ht  defect  in  the 
lurve  may  lessen  the  optical  eniciency  to  a 
considerable  extent  and  yet  in  no  way  inter- 
fere with  the  ai)pearance  of  the  mirror. 

Piukini^.  When  the  mirnjr  h.is  been  ac- 
cepted it  is  packed  very  carefully,  each  mirror 
beinjj  jjlaced  in  a  sejjarate  box.  The  box  is 
made  strong  so  that  in  transportation  the 
mirror  is  not  shaken  or  in  any  way  dam- 
aired. 


Searchlight  Air  Defense  Operations 

By  William  F.  Tompkins 

M.\joK  or  Enc.ineers,  United  St.\tes  Army 

Major  Tompkins  writos  with  authority  on  the  subject  of  "Searchlight  Air  Defense,"  for  he  spent  over  a  year 
with  the  56th  U.  S.  Engineers  in  France  and  took  part  in  most  effectively  protecting  advance  bases  against 
hostile  aircraft.  In  his  discussion  he  says  that:  "Searchlights  suitably  supported  by  carefully  located  night 
pursuit  squadrons  or  anti-aircraft  guns  must  be  placed  in  bands  along  the  entire  front  especially  guarding 
*  *  *  the  prominent  routes  to  the  important  objectives  in  the  rear."  After  outlining  the  trend  of  the 
actions  which  led  up  to  this  situation,  he  describes  the  technique  and  effects  of  this  method  of  defense 
against  night  raids  by  enemy  aircraft. —  Editor. 
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T   the  commence- 
ment of  the  Euro- 
pean war,  it  was  uni- 
versally believed  that 
radical    advances    in 
warfare      would      be 
made,  especially  in  the 
new  arm  of  aviation. 
This  expectation  be- 
gan   to    be    reaHzed 
almost    immediately, 
with  the  result   that 
each  year  such  great 
strides  were  made  in 
the  development  and 
tactical  use  of  aircraft 
that  many  prophesied  that  xdctory  would  come 
to  the  side  which  could  obtain  and  maintain 
the  supremacy  in  the  air. 

In  order  to  win  a  great  war  it  must  be 
brought  home  to  the  entire  mass  of  the  op- 
posing nation  that  it  is  or  is  certain  to  be  de- 
feated. This  may  be  done  in  several  ways,  or 
by  a  combination  of  ways.  The  defeat  of  the 
Spanish  Armada  is  an  example  where  a  great 
naval  victory  made  a  formidable  power  real- 
ize its  defeat.  Similar  examples  may  be 
found  in  the  history  of  the  American  nation 
in  the  Civil  War,  when  the  certainty  of  defeat 
was  made  known  to  the  Southern  people,  pri- 
marily by  the  terrible  losses  which  were  felt  in 
every  home  of  every  city,  and,  secondarily,  by 
such  expeditions  as  Sherman's  march  to  the 
sea.     In  the  recent  war   the  Teutonic  Allies 


attempted  to  obtain  the  same  result  by  sub- 
marine warfare  which,  through  starvation, 
wotild  make  the  Allies,  especially  the  British 
Isles,  feel  the  dread  of  impending  defeat,  and 
also  by  large  raiding  squadrons  of  dirigibles 
and  airplanes,  which  threatened  to  destroy 
the  most  important  centers  in  England  and 
France. 

More  than  ever  entire  nations  find  them- 
selves drawn  into  warfare.  In  distant  and 
hardly  accessible  countries,  such  as  America 
during  1917,  positive  attempts  may  not  be 
serious,  but  for  countries  such  as  France, 
located  comparatively  near  to  the  lighting 
line,  the  whole  civilian  population  from  Paris 
to  the  East  found  itself  open  to  demoralizing 
attacks  by  constantly  increasing  numbers  of 
powerful  aircraft.  A  similar  positiort  was  that 
of  the  British  Islands,  especially  as  regards  the 
London  area.  It  was  soon  realized  that, 
unless  immediate  and  effective  measures  were 
taken  to  counteract  these  attacks  from  the  air, 
the  people  would  soon  begin  to  feel  that  the 
enemy  had  such  strength  that  it  was  useless  to 
attempt  to  continue  the  war  to  a  successful 
conclusion. 

In  addition  to  the  demoralization  of  the 
civilian  poptdation,  there  were  other  results 
of  warfare  from  the  air  which  were  of  still 
greater  value,  especially  from  the  military 
point  of  A-iew.  At  the  beginning  of  the  war, 
troop  units  were  withdrawn  from  the  fighting 
lines  and  brought  back  a  few  kilometers  where 
they  could  rest  and  recuperate  in  security. 
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As  time  went  on  and  aviation  produced  more 
and  more  bombing  machines,  carrying  pro- 
jectiles ever  increasing  in  size,  and  having  far 
greater  cruising  ranges,  it  became  practically 
impossible  to  withdraw  troops  to  billets  where 
they  could  rest  in  safety  unless  the  supremacy 
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Fig.  1.     Gotha  Type  of  Ge 


an  Bombing  Airpla 


of  the  air,  not  only  by  day,  but  by  night,  was 
constantly  maintained. 

Before  the  outbreak  of  the  war,  search- 
lights were  designed  for  two  purposes — fore- 
ground illumination  or  field  searchlights  and 
water  illumination  or  coast  defense  searchlights . 
On  the  entry  of  the  United  States  into  the 
struggle,  it  was  immediately  apparent  to  the 
Army  that  every  searchlight  available  must 
be  used  in  conjunction  with  the  other  arms  to 
combat  the  night  flyer.  Thus  lights  of  every 
type  were  hastily  converted  to  meet  the  needs 
of  aerial  work  and  troops  were  trained  with 
the  British  and  French  Armies  according  to 
the  most  modern  tactics  of  air  defense.  There- 
fore, when  the  American  Army,  as  a  unit, 
began  to  take  its  share  in  the  giant  blows 
against  the  common  adversary,  there  were 
American  searchlights  available,  operated  by 
American  troops,  which  rendered  great  service 
in  the  offensives. 


Just  as  with  opposing  infantry,  it  was  soon 
found  that  night  operations  gained  more  and 
more  in  importance,  so  it  was  found  in  avia- 
tion that  bombing  by  night  was  much  more 
successful  than  day  raiding.  The  day  bomber 
has  some  advantages,  no  doubt.  His  route  is 
clearly  indicated  and  his 
objective  is  easily  seen,  but 
from  the  moment  that  he 
approaches  his  frontier  he 
is  constantly  exposed  to 
attacks  from  defending  air- 
craft, which  will  have  much 
greater  ability  to  maneuver 
and  which  may  be  nearly 
half  again  as  fast.  The 
heavy  bomber  is  neces- 
sarily limited  to  a  low  ceil- 
ing so  that  he  is  always 
within  range  of  anti-air- 
craft guns  and  if  he  ap- 
proaches too  close  to  the 
ground  is  sure  to  be  at- 
tacked by  machine  guns 
and  even  rifle  fire.  The 
farther  he  penetrates  into 
the  opposing  country,  the 
greater  is  apt  to  be  the 
superiority  in  numbers 
against  him. 

The  night  bomber  also 
finds  many  restrictions,  es- 
pecially the  difficulty  in 
finding  his  way  towards 
his  objective  and  in  accu- 
rately locating  it  when 
once  near  the  proper  area. 
Night  landings  are  more  difl!icult  and  dan- 
gerous than  those  by  day,  but  night  landing 
for  the  slow  flying,  heavy  bombers  is  compara- 
tiveh'  simple  when  compared  to  the  difficulty 
of  landing  the  fast  pursuit  planes  which  must 
combat  them.  The  night  bomber  has  the 
great  advantage  of  being  hidden  in  darkness, 
so  that,  unless  he  is  artificially  illuminated, 
defending  airplanes  or  anti-aircraft  artillery 
have  but  a  slim  chance  indeed  of  bringing 
down  their  target.  In  addition,  night  bomb- 
ing has  a  greater  demoralizing  effect  even 
among  seasoned  troops  and  this  is  still  more 
apparent  among  ci\'ilians,  particularly  women 
and  young  children. 

A  study  of  the  action  of  night  bombers 
shows  that  they  must  follow  certain  clearly 
defined  features  of  the  ground.  These  may  be 
classed  in  importance  as  follows:  Large  rivers 
and  river  valleys,  edges  of  great  forests,  coast 
lines,  railroad  tracks  when  there  are  trains 
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movinjj  over  llicm,  canals,  clearly  delineil 
higliways  and  railroads.  In  order  not  to  be 
lost,  the  hostile  planes  must  then  follow  such  a 
route  as  indicated  above  and  conseciuently 
defenses  are  planned  to  obstruct  these  routes. 
Searchlij;lus  suitably  supi)orled  l)y  carefully 
located  ni^ht  ])ursuit  scjuadrons  or  aiUi-air- 
craft  guns  must  bo  jilaoed  in  bands  along  the 
entire  front  especially  guarding,  by  atldilional 
depth  of  the  lighted  area,  the  prominent 
routes  to  the  important  objectives  in  the  rear. 
It  is  necessary  to  call  attention  to  the  need 
of  co-operation,  or  liaison,  with  other  branches. 
Searchlights  illuminate  the  plane  when  it  ap- 
proaches vvilnerable  areas  and  the  plane 
should  then  be  attacked  by  friendly  pursuit 
planes  or  by  well  placed  bursts  of  anti-aircraft 
fire.     If  the  hostile  plane  comes  close  to  the 


losses  in  materiel  and  ixTsonncl  sure  to  follow 
from  artillery  Fire,  but  also  the  searchlight  may 
act  as  a  lighthouse  indicating  positions  to  the 
aerial  llycr.  If  they  are  carefully  located  anrl 
constantly  changed  to  new  positions,  they  not 
only  defend  the  objectives  in  the  rear,  but 
also  aid  in  confusing  the  flyer.  The  same 
elTect  of  moving  searchlights  may  sometimes 
be  obtained  by  care  in  exposing  only  those 
lights  in  actual  range  of  the  approaching 
target. 

Correct  air  defenses  would  therefore  find  a 
band  of  searchlights  stretching  along  the  en- 
tire front  and  forming  a  lighted  area  having  a 
depth  of  at  least  four  searchlights.  In  addi- 
tion, more  materiel  will  be  needed  to  jirotect 
vulnerable  objectives  in  rear  in  case  hostile 
planes  should  penetrate  the  primary  def en- 


Fig.  2.     Typical  Searchlight  Empla 


:  showing  Searchlight  Pipe  Control  and  Sound  Locato 


ground,  it  must  be  attached  by  machine  gim 
and  rifie  lire  in  addition.  In  other  words, 
e\-ery  effort  must  be  brought  to  bring  down 
the  bomber  and  this  can  be  obtained  only  by 
constant  and  thorough  liaison.  This  neces- 
sitates many  conferences  leading  to  joint 
planning  of  air  defenses,  perfect  means  of  com- 
munication, and  thorough  co-operation. 

The  searchlights  must  be  most  carefulh- 
m(7\-ed  into  position  at  night,  all  work  of  loca- 
tion being  done  under  camouflage  nets.  The 
final  emplacement  must  always  be  well 
camouflaged  in  order  to  prevent  its  location 
being  spotted  by  the  enemy's  observation 
balloons  or  photographing  planes.  If  care  is 
not  taken  in  locating  searchlights  and  if  the 
location  is  not  constantly  changed  the 
moment  that  it  is  discovered,  not  onlv  are 


sive  area  or  circle  around  its  flanks.  Sound 
locators  should  be  employed  to  give  close  in- 
dication of  the  direction  of  the  approaching 
bomber  and  to  limit  the  field  of  search  by  the 
searchlight  beams.  The  emplacements  must 
be  within  supporting  distance  of  adjacent 
lights  and  must  be  on  high  ground  with  the 
best  field  of  view  in  all  directions  and  well 
above  ground  mists.  Searchlight  positions 
are  from  one  to  three  miles  apart  depending 
upon  various  conditions  and  are  placed  in 
staggered  order. 

The  uses  of  searchlights  may  be  sum- 
marized. Their  priman.-  use  is  to  illuminate 
hostile  planes  for  attack.  They  are  so  located 
that  at  least  three  beams  can  be  brought  on 
any  target  over  the  area,  which  makes  an 
illuminated  area  most  difficult  for  a  heavv. 
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slow  llyiti),',  low  llyiiij;  lininlx.'!'  to  fst-aiJi-  from. 
Ill  adiiilion,  they  dazzle  ami  mislead  hostile 
aviators  and,  by  eonlrast,  hide  objectives.  By 
skillful  location,  they  may  be  used  to  create 
efl'eetive  camoulla^e  of  real  objectives.  The 
psycholof^ical  elTect  upon  an  a\iator  when  illu- 
minated may  easily  be  imagined.  I'ar  from  his 
own  airdrome,  flyini;  at  night,  necessarily  at  a 
coniparati\-ely  low  altitude,  in  a  slow  macliine 
most  dillieult  to  maneux'cr  quickly  and  more 
or  less  unprotected  in  the  rear,  he  reali'zes  that 
he  forms  a  huge  target,  especially  to  attacks 
by  fast  flying,  easily  maneuvered  pursuit 
planes.  When  illuminated,  he  can  sec  nothing 
and  yet  knows  that  he  is  immediately  open  to 
attack  by  planes,  anti-aircraft  artillery  and 
machine  guns.  His  only  idea  is  to  gel  out  of 
the  searchlight  beams  into  the  friendly  dark- 
ness again.  He  is  dazzled  and  becomes  con- 
fused in  his  route,  frequently  losing  his  way  in 
his  efforts  to  escape.  He  may  attempt  to  fly 
high  at  the  risk  of  losing  his  way,  but  he  can- 
not go  above  a  certain  level  which  is  within  the 
range  of  illumination  and  within  easy  range 
for  attack.  The  higher  he  flies,  the  more  diffi- 
cult he  finds  it  to  follow  his  routes  of  approach 
and  to  locate  his  objective  and  the  greater  is 
his  inaccuracy  in  dropping  aerial  torpedoes  on 
the  desired  spot.  If  he  attempts  to  circle 
around  the  lighted  area,  he  must  travel  a 
great  distance,  with  a  correspondingly  greater 
chance  of  becoming  lost,  of  being  attacked,  or 
of  meeting  some  accident  which  forces  him 
to  land  in  hostile  territory. 

Air  defense  is  a  problem  which  requires 
much  future  thought  and  is  a  subject  of  ab- 
sorbing interest.  In  future  w-ars,  it  is  believed 
that  searchlights  will  find  their  principal  use 
in  combating  airplanes.  Bombing  attacks 
must  be  expected  on  a  still  greater  scale,  em- 
ploying larger  and  larger  planes,  carrying  pro- 
jectiles containing  thousands  of  pounds  of  ex- 
plosives. There  is  reason  to  believe  that  fast 
pursuit  planes  will  work  in  conjunction  wdth 
the  bombers  so  as  to  fight  off  attacks  by 
friendly  planes  and  to  attack  and  confuse  air 
defenses  such  as  searchlights.  It  should  be 
borne  in  mind  that  materiel  objectives  for  air- 
craft are  usually  large,  impossible  to  move, 
and  difficult  to  conceal.  Also  air  recon- 
naissance and  "strafing"  by  night  w-ill  be  cor- 
respondingly increased  in  value. 

The  need  for  development  may  therefore  be 
seen.  .Searchlights  must  be  made  as  cheaplv 
and    as   simple   in   construction   as   possible. 


They  must  be  exceedingly  rugged  and  possess  a 
maximum  of  mobility.  Their  range  sh<iuld  be 
increased  to  meet  future  needs  and  the  area 
of  their  beams  must  be  greater  in  order  to 
facilitate  the  picking  ujj  of  aerial  targets  and 
to  hold  them  more  easily  when  once  illumi- 
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nated.  The  co-operation  of  American  manu- 
facturers, who  successfully  improved  search- 
light materiel  as  the  needs  of  field  conditions 
required,  has  caused  American  lights  to  reach 
a  high  stage  in  development.  B3-  their  con- 
tinued patriotic  aid  a  state  of  searchlight  effi- 
ciency, which  will  be  the  first  step  towards 
night  protection,  may  soon  be  reached  and 
their  industry  and  skill  will  be  relied  upon  to 
meet  future  difficulties,  which  must  be  over- 
come. In  order  to  be  brief,  this  article  has 
been  limited  to  searchlights  for  air  defense, 
but  searchlights  emploj-ed  for  field  and  water 
foreground  illumination  have  a  great  future 
and  developments  made  for  one  purpose  are, 
nearly  always,  applicable  to  the  others. 
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Searchlight  Testing 

By  F.  A.  Benford 
Illuminating  Engineering  Laboratory,  General  Electric  Company 

The  results  which  the  war  necessity  produced  in  the  direction  of  obtaining  more  powerful,  lighter,  and  mobile 
searchlight  units  are  told  by  the  other  authors  in  this  issue.  Mr.  Benford  tells  of  the  testing  which  was  such  a 
factor  in  accomplishing  these  results.  The  large  testing  ground  which  he  describes  and  the  instruments  involved 
for  testing  purposes  reflect  credit  on  all  those  responsible  for  this  work. — Editor. 


U' 


'PON  the  entrance 
of  the  United 
States  into  the  world 
war,  our  military 
authorities  saw  the 
need  of  a  greatly  al- 
tered type  of  search- 
light to  meet  the 
demand  for  protec- 
tion against  bombing 
planes  which  at  that 
time  were  having 
things  pretty  much 
their  own  way.  The 
anti-aircraft  gun, 
whatever  it  may  have 
done  later,  was  of  little  aid,  and  many  a 
proud  and  ancient  citj'  was  reduced  to  seeking 
a  precarious  safety  in  darkness  and  the  sup- 
pression of  visible  signs  of  life.  Every  night 
saw  the  blaze  of  bombed  ammunition  dumps, 
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Fig.  1.     General  Ground  Plan  of  Searchlight  Station 

.\— Power  House 

B— General  Test  House 

C — 60-in.  High  Intensity  Drum  Type  Projector 

D — 60-in.  Low  Intensity  Drum  Type  Projector 

E — eO-in.  High  Intensity  Drum  Type  Projector 

F — 60-in.  Medium  Intensity  Army  Open  Type  Projector 

G — Incandescent  Projector 

H — Wireless  Telephone  Station 

I — Sectored  Disc  (Visibility  Test) 

J — 6-in.  Telephotometer 
K — 15-in.  Telephotometer 
L— Antenna  of  Wireless  Telephone. 


the  breaking  of  communication,  and  the  in- 
terruption of  supplies,  but  above  all,  was  the 
nervous  tension  of  the  soldiers  and  civilians 
waiting  for  the  hovering  Boche  to  drop  his 
bombs  or  pass  on.  Sitting  in  a  trench  listening 
to  the  whistle  of  a  descending  bomb  has  been 
described  as  the  most  nerve-racking  experience 
of  the  war.  The  man  on  the  ground  could  al- 
ways tell  by  the  sound  that  the  bomb  was  di- 
rectly over  his  head,  and  as  the  force  of  gravity 
is  a  straight  up  and  down  affair,  it  didn't  take 
a  long  train  of  reasoning  to  bring  him  to  the 
conclusion  that  it  was  his  own  personal  bomb 
that  he  heard.  Of  all  the  tactics  employed  by 
the  Germans,  few  came  closer  to  success  than 
night  bombing,  and  the  call  for  help  was  clear 
and  insistent.  The  only  promising  aid  in  sight 
was  a  powerful,  mobile  searchlight  that  would 
reveal  the  enemy  to  the  ground  and  air  de- 
fenses and,  if  not  able  to  turn  him  back,  at 
least  drive  him  so  high  that  accurate  bomb- 
ing would  be  impossible. 

The  characteristics  required  of  an  anti-air- 
craft searchlight  are:  Mobility,  durabihty 
under  rough  usage,  reliability  under  all  cir- 
cumstances, ability  to  operate  at  any  elevation 
of  axis  or  even  upside  down,  good  luminous 
efficiency,  and  quietness  of  operation.  When 
to  this  list  is  added  the  fact  that  the  positive 
electrode  is  often  at  a  blazing  white  heat  for 
its  entire  length  and  many  parts  of  the  lamp 
are  red  hot  during  a  protracted  run,  it  is  seen 
that  the  design  of  an  operating  projector  is 
not  a  simple  matter.  Several  of  these  require- 
ments were  entirely  new,  and  some  idea  of  the 
radical  changes  in  the  new  projector  may  be 
gained  by  a  glance  at  the  illustration  of  the  old 
fortification-type  searchlight,  Fig.  3,  and  the 
army  open-type  searchlight.  Fig.  4.  During 
the  tests  that  accompanied  the  development 
of  the  new  type  searchlight,  every  part  of  the 
projector  had  to  be  kept  under  constant  ob- 
servation and  the  interested  engineers  kept 
posted.  The  scheme  and  scope  of  the  testing 
was  laid  out  b}'  Mr.  W.  D'A.  Ryan,  and  all 
actual  test  work  was  done  by  members  of  the 
Illuminating  Engineering  Laboratory  of  the 
General  Electric  Co.  Following  each  test, 
technical  reports  were,  made  to  the  General 
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.  2.  General  Vk»  of  Scarcliliiiht  Station.  From  left  to  right,  there  are  shown:  ( 1 1  6  in.  telephotometer  tube. 
(2>  lens  of  15-in,  telephotometer  on  pier.  (3>  sectored  disc  housing.  (4)  wireless  telephone  house,  <5)  15-in. 
incandescent  projector.  ^61  30-in.  incandescent  projector,  (7)  60.in.  medium  intensity  open  type  projector, 
i8t  60-in.  high  intensity  projector,  (9)  mast  of  wireless  telephone,  (10)  60-in.  low  intensity  projector 
vin  high  intensity  drum),  (111  60-in.  high  intensity  projector,  '12)  test  house. 


Eny:ineer  Depot,  U.  S.  Army,  covering  first, 
fairly  complete  original  test  data  and  notes 
on  operation;  second,  a  summary  and  com- 
parison of  the  data;  and  third,  a  judgment 
on  the  thing  tested. 

The  principal  source  of  information  was 
the  outdoor  searchlight  range  on  the  Schenec- 
tady-Duanesburg  road.     Here  was  equipment 


Fig.  3.  Full  Automatic  High  Intensity  Lamp  in  Coast  Fortification 
Drum.  On  account  of  its  bulk  and  weight,  this  searchlight  w£ 
suitable  for  mobile  service. 

for  operating  and  testing  the  numerous  types 
of  searchlight,  singly  or  in  groups.  The  test 
work  fell  into  three  classes:  first,  a  mechanical 
or  operation  test  of  the  searchlight  or  carbons ; 
second,  a  test  of  the  relative  revealing  power 


of  the  searchlights;  and  third,  a  photometric 
analysis  of  the  beams  of  light.  The  last  class 
of  testing  took  up  the  greater  part  of  the  time, 
but  the  three  classes  were  always  more  or  less 
interwoven  and  proceeded  simultaneously. 
To  the  uninitiated,  the  amount  and  scale  of 
testing  apparatus  is  amazing,  and  the  labor 
involved  in  choosing  between  two  identically 
appearing  carbons  seems  beyond  all 
reason.  The  explanation  is  simple 
enough  for  sheer  difficulty — searchHght 
photometry  stands  in  a  class  by  itself. 
There  are  several  factors,  such  as  current 
and  voltage,  that  are  under  control; 
several  others,  such  as  crater  formation 
and  steadiness  of  burning,  that  can  be 
observed  but  only  slightly  controlled; 
and  finally,  there  is  the  action  of  the 
atmosphere,  which  cannot  be  controlled, 
and  until  this  station  was  built  was  prob- 
ably never  before  measured  as  a  regular 
part  of  the  photometric  testing  of  a 
searchlight. 

The  country  around  Schenectady  was 
thoroughly  examined  before  a  suitable 
location  was  found  on  the  Schenectady- 
Duanesburg  road  about  five  miles  from 
Schenectady.  This  location  is  entirely 
free  from  smoke  and  river  fog.  The 
power  station  and  searchlight  are  located 
on  a  hillside  ]ia\-ing  a  free  view  across 
a  wide  shallow  \-alley.  A  high  point  of 
ground  2300  feet  away  was  selected  for  the 
station  at  which  photometric  readings  were 
to  be  taken.  A  mile  and  a  half  away  an  air- 
plane silhouette  was  erected,  and  three  miles 
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across  the  valley  was  located  the  big  "vanish- 
ing" target  mounted  on  the  brow  of  a  hiU  so 
that  the  sky  formed  the  background.  The 
searchlight  station,  powerhouse,  and  photome- 
tric station  were  connected  by  a  telephone 
line,  while  communication  between  the  search- 


Fig.  4.     An  early  model  of  the 


i-\n.    iype  Medium  Intensity  Searchli^jVit    adopted 
for  army  use 


lights  and  vanishing  targpt  depended  on  a 
wireless  telephone  outfit  similar  to  those  used 
by  the  airplanes  spotting  for  the  artillery. 

The  beam  of  light  reflected  from  a  parabolic 
mirror  has  several  peculiar  features,  the  most 
important  being  the  great  distance  to  the 
point  where  the  light  in  the  beam  has  as- 
sumed an  approximately  final  distribution. 
The  light  that  strikes  the  center  of  the 
mirror  has  the  greatest  spread  and  forms 
the    outside .  of    the    beam,    and    the    light 


the  tA'pe  of  arc.  These  distances  allow  con- 
siderable atmospheric  interference  and  also 
necessitate  some  means  of  constant  com- 
munication between  the  two  parts  of  the  test- 
ing squad  which  is  composed  of  five  active 
members,  as  follows: 

(1).     Lamp    operator,    who    also 
records    arc   voltage  and 
current     at     half-minute 
intervals. 
(2).     Beam  trainer,  who  sees  that 
the  arc  is  properly  focused 
and  who  directs  the  beam 
on    the    target    and,    by 
watching  the    arc,    helps 
the  operator  in  maintain- 
ing a  normal  crater. 
(3).     Communication     man,      at 
searchlight,  who  in  addi- 
tion to  keeping  up  com- 
munications,  records  the 
degree   of   flicker    in    the 
beam,  the  kind  and  time 
of  hissing  arc,  and  the  out- 
ages. 
(4).     Photometer  reader  and  communica- 
tion man. 
(5).     Data  recorder,  for  photometer  only. 
In  addition  to  the  above,  there  is  the  en- 
gineer of  the  power  station  and  from  one  to 
six  observers,  depending  on  the  type  of  the 
test. 

The  electrodes  of  the  open-tj'pe  searchlight 
are  kept  in  the  correct  burning  position  by  oc- 
casionally rotating  both  positive  and  negative. 
Any  slight  movement  of  the  crater  on  the 


Fig.  5.      A  close-up  i 


id  Photometer  House.    Note  the 
ing  near  the  middle 


J  compared  with  the  i 


that  strikes  the  rim  of  the  mirror  is  most 
abundant  in  the  center  of  the  beam.  Theoreti- 
cally this  crossing  over  process  never  ceases, 
but  practically  the  light  is  in  its  final  position 
at  from  one  hundred  to  four  hundred  times 
the  diameter  of  the  mirror,  depending  upon 


positive  carbon  is  accompanied  by  a  move- 
ment of  the  beam  and  there  is  no  pro^^sion  on 
the  searchlight  itself  for  keeping  the  arc  as 
sharply  in  focus  as  is  required  in  test  work. 
For  this  reason,  the  beam  scale  shown  in  Figs . 
5  and  6  was  used  as  both  a  guide  for  the  beam 
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and  as  a  nuans  Icir  ()hsi"r\'inj;  and  cliockiiij^  ih.' 
In'am  widlli.  'I'lu'  plKitotm'tcr  was  placi-d 
willi  its  head  at  a  \\'<\v  in  iho  center  ol'  liu 
lai'i^o  wliitc  square  near  the  rij^hl  ond  of  tlie 
scale.  This  zeri)  mark  on  tlie  scale  was  really  a 
six-foot  sciuare  hut  with  full  e(|uipmenl  and 
aceomiTiodations  for  the  ])]u)loineter  reader 
and  the  data  man.  Tlie  trainer  would  direct 
the  beam  so  that  the  jiart  in  which  measure- 
ments were  required  would  come  at  the  zero 
mark.  The  points  of  measurement  were 
usually  0.2  of  a  de<;ree  apart,  or  two  small 
divisions  on  the  scale.  The  trainer  watched 
one  edge  of  the  beam  as  he  moved  it  across  the 
target.  The  edges  of  the  beam  are  more 
clearly  defined  than  the  center  and  as  only  one 
edge  can  be  seen  plainly  at  a  time,  the  target 
was  placed  near  the  extreme  right  end  of  the 
scale.  The  left  edge  of  the  beam  could  then 
be  moved  over  four  and  a  half  degrees,  if  the 
beam  were  that  wide.  In  general,  the  testing 
was  done  across  the  horizontal  eenterline  of 
the  beam,  but  a  vertical  scale  was  built  so  that 
occasional  special  tests  in  a  vertical  plane 
could  be  carried  out. 

The  photometers  were  of  the  Weber  port- 
able type  with  a  working  range  of  one  hun- 
dred thousand  to  one,  which  is  more  than 
sufficient  to  cover  the  variations  in  intensity 
encountered.  Thus,  the  ratio  of  the  greatest 
intensity  of  the  high-intensity  arc  to  the  lowest 
measured  intensities  of  some  of  the  smaller 
arcs  was  about  one  thousand  to  one.  The 
readings  were  in  foot-candles  at  the  face  of 
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Good    crater 
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Readings 
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2 

0 

55H 

Flares — 3. 

Hiss— 4  per  cent. 

Low  Hiss — 0  per  cent. 

QviET  Oi'ERATlox — 96  per  cent. 

Stkady  Beam — 100  per  cent. 

n  ,^vto  /  Good  operating  electrode. 

LoNCLUsiONS  I  Hissing  3„(j  fl^^es  only  at  start. 

mission  would  be  fatal  to  much  of  the  testing 
orginally  planned.  Consequently,  two  in- 
struments were  designed  and  assembled  at  the 
Laboratory  for  the  measurement  of  this  trans- 
mission. The  smaller  one,  6-in.  diameter 
and  IS-ft.  focal  length,  was  used  during 
photometric  work  on  the  2300-ft.  target; 
and  the  larger  one,  15-in.  diameter  and  30-ft. 
focal  length,  was  used  during  the  visibility 
tests  on  the  three-mile  target.     These  tele- 


Fig.  6.     The  2300-ft.  Target  and  Beam  Scale,  i 
one  degree  apart.     The  horizontal  scale  is  fiv 
and  one  half  degrees  high 

the  target,  normal  illumination,  and  the  ap- 
parent intensity  of  the  searchlight  in  candles 
was  found  by  multiplying  the  illumination  bj- 
the  square  of  the  distance,  or  5,290,000. 

It  was  realized  from  the  first  that  the  handi- 
cap of  not  knowing  the  atmospheric  trans- 


i  viewed  from  the  searchlight  station.     The  long  stubs  are 
Sve  and  one  half  degrees  long  and  the  vertical  scale  is  one 


photometers  each  consisted  of  a  simple  double 
convex  lens  wliich  formed  an  image  of  the  tar- 
get in  the  center  of  the  Lummer-Brodhun  cube 
of  a  portable  photometer.  To  make  a  15-inch 
diameter  telescope  lens  of  good  figure  is  a 
matter  of  several  thousand  dollars  and  a  vear's 
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time.  The  degree  of  accuracy  required  for 
the  telephotometer  lens,  very  fortunately, 
may  be  almost  anything  when  the  size  and 
distance  of  the  target  are  known.  With  an 
achromatic  lens,  the  losses  of  light  may  be 
calculated  and  the  exit  pupil  determined 
beforehand.  A  simple,  uncorrected  lens  gives 
a  blurred  image  that  wastes  light  at  the 
ocular,  and  in  both  telephotometers  the  loss 
of  light  was  determined  by  direct  experiment, 
using  an  exit  pupil  smaller  than  called  for  by 
the  calc\ilations. 

The  instruments  were  first  set  up  in  the 
Laboratory  and  directed  against  a  blocI<  of 
magnesium  of  such  size  as  to  give  an  image 
similar  in  size  to  that  of  the  target  on  the 
outdoor  range.  The  brightness  of  the  magne- 
sium was  then  measured  through  the  tele- 
scope and  compared  with  measurements  made 
directly  at  a  few  feet  distance.  This  ratio 
gave  a  figure  for  the  relative  brightness  of  the 
image  in  the  photometer  field.  When  used  on 
the  range,  the  zero  section  of  the  beam  scale 
was  illuminated  by  an  incandescent  search- 
light that  was  carefully  adjusted  and  main- 
tained constant  during  the  test.  At  a  given 
signal,  the  man  at  the  telephotometer  would 
take  readings  and  the  men  at  the  target,  who 
had  an  extra  photometer  for  the  purpose, 
would  take  brightness  readings  on  the  same 
surface.  A  comparison  of  the  two  figures  for 
brightness  so  obtained  would  give  the  loss  of 
light  in  the  atmosphere  from  the  target  back 
to  the  telephotometer,  and  the  photometric 
data  of  the  searchlight  on  test  could  be  cor- 
rected accordingly. 

Telephotometer  readings  were  usually  taken 
at  the  beginning  of  each  night's  work,  at  11 
o'clock,  and  at  2  a.m.  just  before  quitting. 
A  curve  of  time  against  transmission  was 
drawn  for  each  night,  and  the  various  tests 
were  then  located  on  this  curve  and  given  the 
proper  correction. 

The  selection  of  electrodes  for  the  open-type 
searchlight  involved  testing  a  large  number  of 
makes  and  mixtures  before  the  final  choice 
could  be  made.  Three  companies,  the  Speer 
Carbon  Company,  the  National  Carbon  Com- 
pany, and  the  General  Electric  Company 
were  actively  engaged  in  making  experimental 
mixtures  that  were  tested  out  and  reported  on 
so  that  the  chemists  of  the  three  companies 
were  kept  posted  on  both  their  own  electrodes 
and  those  of  the  other  two.  Frequent  meet- 
ings of  the  three  chemists  were  held  at  the 
Laboratory,  where  the  test  data  and  carbon 
stubs  were  inspected  and  these  led  to  an  ex- 
tremely rapid  development  in  the  art  of  mak- 


ing better  electrodes.  It  was  this  part  of  the 
work  with  which  Mr.  Ryan  identified  himself 
most  closely,  and  it  was  his  original  specifica- 
tions for  sizes  and  currents  that  gave  the  de- 
velopment of  carbons  its  flying  start  toward 
success. 

Fig.  8  gives  the  total  data  of  the  tests  on 
eight  carbons  of  the  same  mixture,  including 
curves  of  the  beam  characteristics  as  de- 
termined by  seventeen  separate  traverses  of 
the  beam. 

There  are  three  prime  requirements  to  be 
met  by  carbons  for  anti-aircraft  searchlights. 
These  are:  High  luminous  efficiency,  steadi- 
ness and  uniformity  of  burning,  and  quietness. 
The  first  is  the  easiest  to  meet  and  the  last  is 
the  hardest.  Luminous  efficienc}'  and  quiet- 
ness (that  is,  freedom  from  hissing)  seem  to 
be  opposite  characteristics,  and  to  obtain  one 
without  sacrificing  the  other  is  often  difficult. 
The  electrodes  now  made  surpass  the  best 
pre-war  carbons  in  all  three  features ;  and  the 
development  of  carbons  for  greatly  increased 
currents  is  still  under  way  and  holds  great 
promise  for  the  future. 

The  so-called  disappearing  target  consisted 
of  a  strip  of  canvas  thirteen  feet  wide  and 
three  hundred  feet  long.     This  was  wound 
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W.  DM.  Ryan.  Hlnminaiing  Engineer 

Fig.  7.     These  Curves  show  the  beam  intensities  and  flux  values 
obtained  with  a  certain  group  of-similar  electrodes 

on  two  spools  leaving  exposed  a  section 
thirteen  feet  long.  This  thirteen-foot  section 
constituted  the  target  on  which  visibility  tests 
were  made.  The  canvas  was  held  high  in  the 
air  so  that  the  sky  formed  its  background,  and 
to  this  extent  at  least  it  resembled  an  airplane, 
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iyau.  Illuminating  Engincrr 

Fig.  8.  The  three  Curves  at  the  left  show  the  prewar  intensities  from  a  60in.  searchlight.  The  five  Curves  on  the 
right  show  preliminary  results  with  five  of  the  most  promising  electrodes  developed  during  the  war.  Later 
tests  were  restricted  to  the  three  best  out  of  these  five.  These  curves  and  those  on  the  following  seven  sheets 
were  hand-colored  in  the  reports  sent  out  from  the  laboratory.  The  same  color  was  used  throughout  for  each 
make  of  electrode,  and  this  expedient  was  very  successful  in  getting  the  information  to  people  who  had  only  a 
limited  experience  in  photometry,  besides  being  a  great  convenience  to  the  more  experienced.  The  scattering 
of  the  individual  curves  is  a  good  index  to  the  steadiness  and  uniformity  of  burning 


and  its  distance  from  the  searchlight,  three 
miles,  represents  a  common  "pick  up"  dis- 
tance for  airplanes.  One  end  section  of  the 
canvas  was  painted  with  a  good  white  diffus- 
ing paint  ha\dng  a  reflection  coefficient  of 
0.670.  The  second  section  was  white  ^\'ith  a 
number  of  fine  black  stripes,  reducing  the 
average  coefficient  to  0,532.    The  third  section 
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D'A.  Ryan.  Illuminalins  Engineer 
J.  9.      A    graphical    study    of    the     maximum 
electrodes.     The  scattering  of  the  spots  indii 
between  individual  electrodes  of  the  same  mix 
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1  the  variation 


had  wider  black  stripes  and  a  coefficient  of 
0.423.  The  fourth  had  a  coefficient  of  0.335 
or  just  one  half  that  of  the  first  section.  This 
geometric  series,  which  reduces  the  coefficient 
by  half  every  three  steps,  was  continued  until 
the  last  target  was  entirely  black.  The  black 
and  white  markings  were  not  visible  at  three 
miles,  and  to  the  observer  the  target  grew 
dimmer  and  dimmer  as  it  was  moved 
toward  the  black  end. 

The  target  was  used  both  as  a  dis- 
appearing and  as  a  reappearing  object. 
Starting  with  a  white  target,  the  canvas 
was  rolled  toward  the  black  end.     To 

Ii  the  observers  the  target  becam.e 
gradualh-  dimmer  and  dimmer  until  it 
^  finalh-  disappeared.  The  disappear- 
ing point  is  not  sharply  defined,  princi- 
pally on  account  of  the  normal  varia- 
tions in  the  intensitj-  of  the  beam. 
While  the  target  was  still  fairly  bright 
and  distinct  it  would  momentarily  dis- 
appear during  a  period  of  low  crater 
brillianc}-.  These  periods  of  invisi- 
bility became  longer  as  the  target 
became  a  darker  gray,  until  finally  the 
target  could  be  seen  only  during  short 
periods  of  high  crater  brilliancy,  and 
then  came  total  invisibilitv. 
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Tr.  D'A.  Ryan     lUinniuating  Engineer 

Fig.  10.      The  Rousseau   Diagram  is  useful  in  studyine  the  effect 
of  the  distribution  of  light  within  a  searchlight  beam 
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\y.  D'A.  Ryan.  Ilhimhialiiis  Engineer 

Fig.  12.  Holding  a  Searchlight  Beam  on  a  swiftly  maneuvering 
plane  requires  alertness  and  quick  action.  A  wide,  steady 
beam  is  a  great  help,  and  the  shaded  areas  above  are  a 
;  of  the  beam's  holding  power 
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W.  D\\.  Ryan,  Illuminating  Engineer 

Fig.    11.      These  Curves  of  Beam  Intensities  illustrate  the  great 

improvement  realized  in  efficiency  through    using  a  better 

designed  and  manufactured  electrode 
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\V.  D'A.  Ry 

Fig.  13.  Quietness  of  operation  was  an  essential  feature  where 
the  operator  had  to  listen  for  shouted  orders.  Many  elec- 
trodes of  good  efficiency  were  discarded  on  account  of  hissing. 
Arc  noises  interfered  greatly  with  the  listening  devices  that 
formed  a  part  of  the  searchlight  division  equipment 


W.  D'A.  Rya7i.  Illuminaling  Engineer 
Fig.  14.      On  account  of  the  high  current  densities  employed,  the  length  of  stub  left  after  : 
A  short  stub  might  cause  overheating  of  the  lamp 


;  quite  important- 
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The  observers,  who  <K-i-uiiie(l  various  ])osi- 
tions  about  the  searehlij^hl  and  whose  watches 
had  i)reviously  been  set  to  aj^ree  with  that  of 
the  target  o])erator,  recorded 

(a)  The  time  of  first  momentary  disap- 
pearance, 

(b)  The  time  of  disajjpearance  half  the 
time, 

(c)  Tlie   time   of   final   disa])])earance. 
The  curtain  was  then  wound  in  the  opposite 
direction  aiul  the  ol)servers  recorded 

(d)  The  time  of  first  a])])earancc, 

(e)  The  time  of  visibility-  half  the  time, 

(f)  The  time  of  jiennanent  visibility. 
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Fig.  15.  A  General  Summary  Sheet  in  Graphic  Form.  As  in  all 
engineering,  the  final  result  is  a  compromise,  and  this  form 
of  chart  is  a  great  help  in  getting  a  properly  balanced  view 
of  all  the  factors. 

These  records  were  then  compared  with  the 
log  of  the  target  and  the  various  sections 
identified.  This  test  repeated  with  different 
searchlights  gives  a  means  of  comparing  their 
revealing  power.  It  is  worthy  of  notice  that 
the  revealing  power,  or  working  range  under 
fixed  conditions,  increases  much  less  rapidly 
than   the   beam,   intensity,    and   the   relation 


between  intensity  and  ranjje  is  complicated 
by  several  factors,  of  which  the  transmission 
f>f  the  atm<isj)here  is  the  most  important. 

It  is  one  of  the  unfortunate  i)eculiarilies  of  a 
searchlight  that  the  beam  itself  often  forms  a 
most  elTeetive  concealment  for  the  target. 
The  beam  aj^iicars  as  a  bright  blue-tinted 
shaft  of  light,  and  this  illuminated  sj)ace  forms 
a  curtain  in  front  of  the  objects  under  observa- 
tion. In  the  vanishing  target  tests  the  beam 
maintainetl  its  Ijrightness  and  the  target  grew 
dimmer.  At  the  vanishing  point  it  may  have 
had  a  fair  degree  of  brightness,  but  not 
enough  to  make  it  visible  in  the  body  of  the 
beam.  This  condition  made  it  highly  desirable 
to  have  another  means  of  controlling  the  dis- 
appearing point  of  the  target.  An  obvious 
way  of  doing  this  would  be  to  decrease  the 
intensity  of  the  searchlight  until  the  target 
was  lost.  It  is  not  practicable  to  alter  the 
intensity  of  a  searchlight  ^vithout  altering  its 
color  or  beam  width.  The  same  result  may 
be  obtained  by  cutting  down  the  light  from 
target  and  beam  as  it  enters  the  observer's  eye. 
This  was  done  at  the  range  by  ha\-ing  the  ob- 
server look  through  the  blades  of  a  rapidly 
rotating  sectored  disc.  The  eye  slit  slid  along 
a  scale  that  told  the  degree  to  which  the  light 
was  diminished.  Thus  if  the  target  was  found 
to  be  just  visible  at  0.20  on  the  transmission 
scale  of  the  disc,  it  indicated  that  a  projector 
of  one  fifth  the  intensity  would  show  the 
target  under  the  given  conditions  of  test. 

Among  the  numerous  questions  that  called 
for  settlement  early  in  the  war  was  the  effect 
of  the  blue  light  of  the  high-intensity  arc  and 
the  relative  merits  of  gold  and  sil^'er  backed 
mirrors.  The  blue  tinted  light  of  the  Beck 
type  arc  was  in  disfavor  in  some  quarters,  and 
the  French  army  was  definitely  committed  to 
the  use  of  the  gold  mirror  with  its  brown 
tinged  beam.  The  experiments  conducted  by 
the  Laboratory  failed  to  reveal  the  supposed 
superiority  of  yellow  light.  On  the  contrary-, 
the  blue  beam  was  found  to  have  less  screening 
effect  and  the  seeing  conditions  were  almost 
uniformly  better.  Later  news  from  Europe 
was  to  tiie  effect  that  the  French  had  aban- 
doned the  gold  mirror  and  that  the  German 
aviators,  after  several  sad  experiences,  had 
learned  to  hurriedly  change  their  plans  and 
retire  when  a  high-intensity  beam  swung  in 
their  direction. 
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Distant  Control  of  Projectors  for  Sea  Coast  Defense 

By  J.  L.  Hall 
Searchlight  Engineering  Department,  General  Electric  Company 

The  element  of  distance  does  not  in  itself  present  the  only  serious  problem  in  designing  a  system  for  the 
remote  control  of  a  group  of  searchlights  employed  in  seacoast  defense.  The  speed  and  accuracy  of  directing 
the  light  beam  by  a  remote  control  mechanism  at  the  lamp  must  involve  no  sacrifice  over  hand  control.  The 
manner  in  which  remote  control  is  effected  and  the  equipment  for  its  performance  are  ably  described  in  the 
following  article. — Editor. 


TN  any  Sea  Coast 
-^  Defense  System 
projectors  are  in- 
stalled at  widely 
separated  points 
where,  with  refer- 
ence to  the  batter- 
ies, they  will  best 
serve  their  purpose. 
For  the  efficient  and 
systematic  tactical 
control  of  the  vari- 
ous beams,  it  is  nec- 
essary, where  possi- 
■f-  ^-  "^"  ble,  to  group  the  con- 

trols at  one  point. 
In  the  majority  of  installations  the  radius  of 
control  may  be  several  hundred  feet. 

The  target  is  normally  a  moving  ship.  At 
the  different  ranges  and  with  variations  in 
speed  and  course  it  has  a  small  and  variable 
angular  velocity  which,  combined  with  the 
necessity  of  a  more  rapid  movement  for  chang- 
ing targets  as  well  as  for  airplane  defense, 
requires  a  wide  range  of  speed  control  of  the 
projector. 

A  ship  at  a  range  of  15,000  yards  with  a 
speed  of  15  knots  has  an  angular  velocity  of 
about  two  minutes  of  arc  per  second  of  time 
when  steaming  on  a  course  normal  to  the  axis 
of  the  beam.  This  velocity  varies  as  the 
cosine  of  the  angle  of  the  course,  becoming 
zero  when  the  course  coincides  with  the  axis 
of  the  beam.  This  will  illustrate  the  variation 
due  to  variation  in  course;  the  variation  due 
to  range  and  speed  being  apparent. 

For  use  with  the  old  type  of  6G-in.  coast 
defense  searchlights  using  2-in.  carbons  with 
a  large  crater,  and  therefore  a  large  beam, 
minimum  steps  of  15  minutes  of  arc  were 
considered  satisfactory,  but  with  the  high 
intensity  searchlight  with  a  beam  of  small 
diameter  and  with  the  maximum  intensity 
confined  to  a  still  smaller  diameter,  the  Army 
selected  2  minutes  of  arc  as  a  minimum  step 
and  360  deg.  per  minute  as  the  maximum 
speed. 


The  system  of  control  adopted  is  of  the 
synchronous  type,  the  angular  movements  of 
the  beam  being  a  function  of  the  rotation  of 
two  handwheels  at  the  controller,  one  for  each 
plane  of  control. 

Since  the  control  in  both  planes  is  similar, 
the  detail  description  will  be  confined  to  but 
one,  the  horizontal.  At  the  controller  the 
horizontal  control  handwheel  rotates  a  com- 
mutator which  commutates  the  direct-current 
supply  to  currents  having  three-phase  relation. 
The  frequency  of  alternations  depends  on  the 
speed  of  rotation  of  the  handwheel.  Through 
three  of  the  wires  in  the  controller  cable  the 
commutator  is  connected  to  the  stationary 
armature  of  a  pilot  motor  at  the  projector. 

The  pilot  motor  is  a  simple  form  of  a  three- 
phase  synchronous  motor  having  a  Y-con- 
nected,  six-pole,  stationary  armature  or  stator 


Fig.  1.     Diagram  of  Connections  of  Contactors 
Controlling  Power  Motor 

and  a  four-pole  rotating  field.  All  its  coils  are 
stationary,  including  those  for  the  field  ex- 
citation. This  design  permits  of  the  con- 
nections being  made  directly  to  the  coils,  the 
omission  of  the  usual  slip  rings,  and  the  re- 
duction of  the  inertia  of  the  rotating  parts. 


DIST.Wr  COXTROI.  ol'   l'Un|  i;(  "n  )kS   |-()R   SKA  COAS'I'   DICI'ICNSK 


E;ii'li  (if  I  lie  lour  pok's  of  llii'  rolor  is  of  iIk' 
same  width  as  a  stalor  pok-  and  in  aildilioii 
is  skittt'd,  till'  width  of  the  siol  hciii^'  eiiiial  to 
the  space  between  the  stalor  jxik-s.  Hy  Ihis 
arranjjemenl  twelve  eciually  spaeed  positions 
of  the  rotor  per  re\'oliilion  are  olilaincd,  each 
being  assumed  with  a  hi^h  dej^ree  of  accu- 
racy. 

A  direct-current  sciiaratcly-excited  power 
motor  is  j^eared  to  the  turntable  throuj^'li  two 
electro-may;nelic  cUuches  which  provi(k"  two 
gear  ratios,  one  being  7.")  times  that  of  the 
other.  This  change  in  gearing  is  necessary  for 
the  wide  range  of  speed  and  the  small  unit 
angle  of  motion  required.  With  the  fast  gear 
ratio  a  maximum  speed  of  :i()()  degrees  per 
minute  and  a  minimum  angle  of  movement  of 
15  minutes  of  arc  are  obtained.  With  the 
slow  gear  ratio  a  minimum  angle  of  2  minutes 
of  arc  is  obtained  with  a  corresponding 
reduction  in  the  maximum  speed. 

An  azimuth  dial  with  .'!0-minutc  gradua- 
tions is  geared  to  the  horizontal  control  hand- 
wheel  shaft  at  the  controller  through  a  similar 
arrangement  of  clutches.  The  clutches  in 
both  the  projector  and  controller  are  operated 
together  from  a  common  clutch  control 
switch  at  the  controller  to  insure  the  synchron- 
ous rotation  of  the  projector  and  dial. 

The  shaft  of  the  pilot  motor  rotor,  Fig.  2, 
has  a  spur  pinion  (1)  secured  to  it.  Loosely 
mounted  upon  it  in  addition  is  a  cam  cylinder 
(2)  which  operates  contact  fingers  for  the 
operation  of  the  contactors  that  control  the 
power  motor.  The  cam  cylinder  is  rotatable 
both  by  the  pilot  motor  and  by  the  mechan- 
ism driven  by  the  power  motor,  being  one 
form  of  a  hunting  controller. 

On  the  cam  cylinder  is  a  stud  carrpng  a  spur 
pinion  (S)  which  meshes  with  the  rotor  shaft 
pinion  and  also  with  an  internal  spur  gear  (4) 
inside  of  which  it  rotates.  The  internal  gear 
is  driven  by  the  projector  training  mechanism. 
The  gearing  is  proportioned  for  a  movement 
of  six  degrees  of  the  cam  cylinder  for  each 
unit  movement  of  30  degrees  of  the  pilot 
motor,  and  corresponds  to  a  movement  of 
the  projector  of  1.5  or  2  minutes  of  arc  de- 
pending on  the  gear  ratio  employed. 

To  move  the  beam  one  unit  step,  the  com- 
mutator at  the  controller  is  rotated  by  hand 
60  degrees  or  }^  of  a  turn,  rotating  the  pilot 
motor  one  unit  step  of  30  degrees.  The  rota- 
tion of  the  rotor  and  its  pinion  (1)  causes  the 
cam  cylinder  pinion  (5)  to  roll  around  on  the 
interior  of  the  internal  gear  (4)  thus  rotating 
the  cam  cylinder  6  degrees,  dropping  one  of 
the    fingers   into    contact,    and   starting   the 
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power  motor.  The  projector,  in  moving 
through  the  prescribed  angle,  rotates  the 
cam  cylinder  back  to  its  normal  or  stop  posi- 
tion by  the  action  of  the  internal  gear  (4) 
which  is  the  reverse  of  the  action  from  the 
pilot  motor. 

Continuous  rotation  of  the  projector  is 
obtained  by  continuously  rotating  the  con- 
troller handwheel.  An  increase  in  the  speed 
of  rotating  the  handwheel  increases  the 
training  speed.  The  cain  cylinder  remains 
stationary  at  any  angle  of  displacement  from 
the  normal  or  stop  position  when  the  relative 
speeds  of  the  pilot  motor  and  projector  are 
alike,  and  any  change  in  the  speed  of  either 
will  cause  the  cam  cylinder  to  assume  a  new 
position. 

At  the  higher  speeds  the  projector  will  be 
slightly  behind  the  controller  dial  in  the  ratio 
of  the  displacement  of  the  cam  cylinder  from 
its  normal  or  stop  position.  In  coming  to  rest, 
the  displacement  is  taken  up  and  the  pro- 
jector stops  on  the  proper  azimuth. 


When  roughly  handled,  or  stopped  sud- 
denly, the  projector  may  over-run  on  account 
of  inertia;  in  which  case,  the  cam  cylinder  also 
over-runs  reversing  the  power  motor  and  re- 
turning the  projector  to  the  proper  azimuth. 
The  weight  of  the  rotating  parts  prohibits  a 
severe  braking  effort. 

Five  contactors  (three  double-throw  and 
two  single-throw)  are  used  for  the  control  of 
the  power  motor  operated  by  the  five  fingers  of 
the  cam  cylinder.  The  connections  of  the  con- 
tactors are  shown  in  Fig.  1.  Two  of  the  double- 
throw  contactors  marked  L  determine  the 
direction  of  rotation  depending  upon  which  is 
used,  and  also  provide  the  first  speed  step. 
When  both  of  the  contactors  (L)  are  open,  i.e., 
closed  on  the  lower  contact,  'the  dynamic 
brake  is  in  operation,  the  armature  being  short 
circuited  on  one  side  of  the  hnc  through  the 
resistance  {R-3). 

Contactors  {!)  and  {2)  form  the  second  and 
third  speed  steps  by  cutting  out  the  resistance 
{R-1)  and  {R-2). 


Fig.  3.      Complete  Diagram  of 
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Coiitai'lor  (ii)  forms  llu'  lHurlli  s])ecd  step 
by  oijcninj;  llic  shunl  resistance  (R-4)  and 
short  circuitinj^  the  resistance  (R-S).  Resist- 
ance {R-S),  in  adililion  to  its  speed  control 
function,  is  adjusted  to  aivc  the  proper 
dynamic  hrakinj;  elTect.  The  shunt  {R-4)  is 
of  special  value  in  retardation. 

In  addition  to  the  control  of  the  direction  of 
the  beam  in  azimuth  and  altitude,  the  control 
of  the  arc  circuit  is  required  for  occulting  or 
putting  the  projector  "in"  or  "out  of  action" 
at  will  from  the  controller. 

This  may  ho  accomi)lishcd  either  at  the  pro- 
jector or  controller  where  switches  are  located 
which  control  the  arc  as  follows;  Upon  clos- 
ing either  switch,  the  circuit  to  an  operating 
relay  is  completed  and  the  relay  in  turn  closes 
the  circuit  to  two  main  arc  contactors  which, 
in  closing,  complete  the  arc  circuit  and  start 
the  lamp.  A  magnet  at  either  s\\4tch,  in  series 
with  it  and  with  the  main  contactor  operating 
relay  coil,  holds  the  switch  closed  but  does  not 
prevent  manual  operation. 


A  second  or  overload  relay,  having  its 
operating  coil  in  series  with  the  arc  circuit, 
normally  closes  the  circuit  to  the  ojjeraling 
relay  cf)il  but  u])on  i)assage  of  excess  current 
opens  the  circuit  to  the  ojierating  relay  and 
to  the  magnets  of  the  switches  at  the  pro- 
jector and  the  controller.  The  ojieraling  re- 
lay, in  opening,  disconnects  the  coils  of  the 
main  arc  c<mtactors  interrujjting  the  arc 
circuit.  The  switch-holding  magnet  coil  of 
the  controlling  switch  is  also  ojjened,  allow- 
ing the  switch  to  snaj)  to  the  "ofT"  position. 

It  will  be  seen  that  the  starling  and  interrup- 
tion of  the  arc,  the  wide  range  of  speed  control, 
and  incidentally  the  shifting  of  the  gear  chang- 
ing clutches,  as  well  as  the  exact  synchronous 
movement  between  the  projector  and  the  azi- 
muth dial  of  the  controller, may  be  accomplished 
by  an  operator  at  the  controller  two  miles  dis- 
tant from  the  projector,  the  movement  of  the 
beam  being  accomplished  in  two  directions  in 
both  planes  and  the  movement  in  each  plane 
being  entirely  independent  of  that  in  the  other. 
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Thirty-inch  Open  Type  Searchhght  with 
Tripod  Mount 

By  E.  J.  Murphy 
Engineer  Schenectady  Searchlight  Department,  General  Electric  Company 

The  need  for  an  exceptionally  light  weight  but  powerful  searchlight  of  moderate  size  resulted  in  the  develop- 
ment described  in  this  article.  As  pointed  out  by  the  author  the  outfit  fulfills  its  purpose  admirably.  A  com- 
plete description  is  given  of  the  high-intensity  lamp  used,  its  control  mechanism,  and  operation.  The  illustra- 
tions are  very  graphic  in  revealing  the  design  and  construction  of  this  searchlight  unit. — Editor. 


T^HIS    searchlight 
-^  was  designed   for 
use  in  miHtary  opera- 
tions   under    severe 
conditions,   such   as 
exist  in  tropical  jun- 
les  and  in  mountain- 
ous   countries.       For 
this    service    it    was 
desirable    to    reduce 
the   size   and    weight 
to  the  limit  but  to  still 
retain  high  illumina- 
E.  J.  Murphy  tioii  and  to  make  the 

construction  simple 
and  rugged.  The  complete  searchhght,  with 
tripod  mount,  weighs  only  250  lb. 

In  its  construction  the  question  of  the  most 
suitable  materials  was  of  prime  importance 
and  the  relative  merits  of  a  light  steel  struc- 
ture and  a  design  using  aluminum  sheet  and 
alloys  were  carefully  considered. 

The  steel  structure  would  require  the 
assembling  by  riveting  or  welding  of  numerous 
small  pieces  as  it  would  be  necessary  to  use, 
standard  sheets  and  sections;  needless  to  say, 
steel  castings  could  not  be  used  to  any 
appreciable  extent,  and  while  a  light  steel 
structure  would  be  sufficienth?  strong  to  stand 
rough  handling,  it  would  be  questionable  if 
it  would  support  the  mirror  and  other  parts 
in  their  proper  relation. 

The  aluminum  alloj's  were  investigated  and 
it  was  found  that  many  competent  engineers 
were  prejudiced  against  these  materials,  due 
to  unsatisfactory  service  in  the  past.  We 
found,  however,  that  certain  of  these  alloys 
have  been  vastly  improved  in  recent  \'ears 
and  are  now  widely  used  in  automobile 
engines  by  many  first-class  makers.  Many 
other  applications,  where  the  parts  are  sub- 
jected to  very  severe  shocks  and  vibrations, 
might  be  mentioned,  one  of  which  is  the 
famous  Lewis  machine  gun  where  practically 
all  the  exposed  parts  are  made  of  aluminum 
alloy.  We  found  that  the  successful  casting 
of  these  alloys  was  made  entirely  possible  by 
special  foundry  knowledge,  the  lack  of  which 


in  some  foundries  resulted  in  inferior  castings 
and  accounts  for  certain  manufacturers  re- 
fusing to  adopt  these  alloys  or  discarding 
them. 

The  30-in.  open-type  searchlight  has  a  high 
intensity  1.50-ampere  arc  with  a  voltage  of  7-5, 
and  it  should  be  noted. that  the  light  flux  in 
this  30-in.  searchlight  is  practically  equal  to 
the  light  flux  of  the  standard  60-in.  drum  type 
projectors  that  were  used  in  France  during  the 
war.  The  30-in.  mirror  will  ]:)roduce  a  less 
concentrated    beam,    on    account    of   greater 


Front  View  of  30-in.  Open  Type  Proje 
Mounted  on  Tripod 
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dis])(.'isii)n  liiu'  to  its  slmrtrr  loial  li'iiKlli,  and 
for  lliis  reason  is  inferior  to  a  similar  soarcli- 
lij^ht  e(iuii)p<.Hl  with  a  (>(l-in.  niirror.  Whore 
it  is  desirable,  however,  to  illuminate  larj;cr 
fields  at  lower  intensity,  this  increased  dis- 
persion is  not  ohiectional)le,  and  a  searchlight 
with  the  smaller  niirror  will  make  a  much 
lighter  and  less  bulky  equii)ment. 

The  complete  scarchlij,'ht  is  shown  in  Fig.  1 . 
The  tripod  can  be  foldetl,  and  the  mirror  and 
lamp  readily  removed  with  the  chimney 
extension.   These  separate  parts  can  be  easily 


Fig.  2.     Side  View  of  30-in.  Open  Type  Projector 

carried  over  the  roughest  country  and  after- 
wards reassembled  in  very  short  order.  The 
illustrations  show  practically  all  the  important 
features  of  the  searchhght,  so  a  lengthy 
description  will  be  unnecessary. 

The  searchlight  is  of  the  open  type,  without 
the  usual  drum  and  glass  front  door. 

The  lamp,  shown  in  Fig.  5,  is  hand-operated 
without  any  automatic  control.  It  is  of  the 
high  intensity  type.  The  negative  carbon  is 
controlled  through  a  control  feed  by  a  small 
knurled   handwheel   which   projects   through 


liic  hollow  irunnioii  pin  of  the  searchlight. 
The  arc  is  struck  an<l  the  arc  length  con- 
trolled by  manijuilating  this  wheel.  The 
positive  carbon  is  rotated  anrl  fed  by  means  of 
the  small  crank  which  jirojects  through  the 
trunnion  support  forwarri  of  the  tunnion  pin. 


Fig.  3.     30-in.  Open  Type  Projector  Showing  Method  of 
Feeding  and  Rotating  Carbons 

Both  the  positive  and  negative  carbons  can  be 
readily  controlled  b}-  a  man  standing  beside 
the  lamp  as  shown  in  Fig.  3,  regardless  of  the 
elevation  of  the  searchlight. 

The  positive  feeding  mechanism  can  be 
seen  in  Fig.  5.  The  crater  end  of  the  carbon 
projects  through  a  head  which  is  equipped 
with  a  metal  batlfle  or  obdurator,  a  radiator 
and  a  plunger  type  contact.  The  opposite  end 
of  the  carbon  is  held  in  a  clamp  which  is 
carried  by  a  revohdng  frame  and  fed  forward 
by  means  of  a  screw.  The  carbon  is  not 
rigidly  held  in  line  by  this  clamp  and  it  is 
therefore  possible  to  operate  a  ver\-  crooked 
carbon  successfully.  The  frame  carrydng 
the  carbon  clamp  and  the  feed  screw  have 
bearings  at  both  ends  and  re\'olve  bj^  means 
of  the  bevel  gear  which  is  driven  by  a  small 
bevel  pinion,  which  in  turn  is  controlled  by 
the  hand-operated  crank.  A  starwheel  is 
secured  to  the  forward  end  of  the  screw  and 
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is  arranged  to  engage  detent  while  revolving. 
It  thus  can  be  seen  that  when  the  crank  is 
turned  in  one  direction  the  carbon  is  revolved 
and  also  fed  forward.  The  carbon  can  be 
fed  backward  by  simply  reversing  the  motion 
of  the  crank. 


Fig.  4.      Removing  Lamp  from  30-in.  Open  Type  Projector 

The  viewing  screen  can  be  seen  in  Fig.  1 
and  is  located  between  the  trunnion  and  the 
positive  operating  crank. 

It  is  unnecessary  to  give  a  detailed  de- 
scription of  the  negative  head.  The  current  is 
fed  to  the  carbon  by  means  of  a  spring 
pressed  plunger  and  the  spring  provided  for 
this  purpose  also  causes  the  feed  rollers  to 
grip  the  carbons. 

The  lamp  is  secured  in  the  arc  chamber  by 
means  of  two  screws  attached  to  the  large 
wooden  handles  shown.  These  screws  also 
carry  the  line  current  to  the  lamp.  Conical 
pins  are  provided  for  locating  the  lamps  in  the 
proper  position.  It  will  be  noted  that  the  lamp 
while  hot  can  be  readil}-  removed  from  the 
searchlight  by  the  operator  using  the  wooden 
handles  as  shown  in  Fig.  4. 


In  order  to  remove  the  lamp  from  the 
searchlight,  the  positive  and  negative  oper- 
ating shafts  can  be  withdrawn  from  the  lamp 
couplings  by  simply  tilting  the  negative 
operating  wheel  and  the  positive  crank 
one  fourth  turn,  thus  disengaging  the  con- 
nection of  the  lamp.  The  wooden  handles 
will  then  unscrew  and  the  lamp  remove 
as  shown  in  Fig.  4.  In  replacing  the  lamp 
it  is  only  necessary  to  reverse  the  operation. 

The  angular  chimneys  projecting  from  the 
arc  chamber  as  shown  in  the  illustrations  are 
provided  so  that  the  searchlight  will  have 
sufficient  ventilation  at  all  angles  of  elevation. 
With  the  searchlight  in  the  position  shown  in 
Fig.  1,  the  upper  chimney  will  draw  the 
smoke  from  the  arc  chamber.  When  he 
searchlight  is  pointed  directly  upward,  both 
chimneys  will  act  as  ventilators,  and  when  the 
searchlight  is  turned  so  as  to  point  in  the 
opposite  direction  to  that  shown  in  Fig.  1,  the 
lower  chimney,  shown  in  Fig.  1,  will  then  be 
in  a  reverse  position  and  act  as  a  ventilator. 

Loosely-pivoted,  gravity-operated  dampers 
are  provided  in  these  chimneys.  The  damper 
of  the  chimne^r  in  the  lower  position  will  be 
closed  while  that  in  the  upper  chimney  will 
be  open.  When  the  searchlight  is  pointed 
towards  the  zenith,  both  dampers  will  be  open. 

Locking  devices  are  provided  for  holding 
the  searchlight  in  any  angle  of  train  or 
elevation  and  adjustable  scales  are  also 
provided  for  each  motion. 

This  30-in.  searchlight  has  been  thoroughly 
tested  and  found  to  operate  successfully  for 
an  indefinite  period  at  all  angles  of  elevation. 
This  is  due  to  the  double  chimney  feature. 

We  are  at  present  developing  a  design  for  a 
44-in.  open  type  searchlight  using  much  higher 


Fig.  5.      Lamp  for  30-in.  Open  Type  Projector 

current,  and  while  this  searchHght  will  be 
substantially  similar  in  design  to  the  above 
described  equipment,  we  expect  to  introduce 
a  number  of  improvements,  one  of  which  will 
be  to  provide  means  of  readih^  carrying  the 
searchlight  by  means  of  two  litter  poles. 


Searchlight  Production 

hy  Lancdon  CiiHsoN 

MaNAI.KK  of    I'rODI  I  HON    DkI-AKTMKNT,  CiliNKKAI.   ICl.KtTRIC  CkMI'ANV,  Sciiknkitady,   iN.    Y. 

Mr.  C'libsdii  sivi's  a  few  inuiistiiit;  milt'S  on  till-  production  of  searchlights  on  a  war  basis.  A  floor  space  of 
2S,t)(M)  s(i.  ft.  was  siinkicnt  before  the  war;  (H.oOO  scj.  ft.  were  required  to  meet  the  war  cmcrKency.  During 
this  period  of  intense  activity  2475  searchlights  of  high,  medium  an<l  low  intensity  were  manufactured  at  the 
Scheiieetadv  Works  represenlinK  approximately  a  total  can<lle-power  of  175  billion. — IvoiroR. 


Langdon  Gibson 

tective    purposes.     As 
precedented     demand, 


WITH  Uk-  entry 
o{  our  country 
into  the  world  war, 
searchlight  apjmrattis 
of  all  descriptions,  as 
might  be  expected, 
came  into  hea\'y  de- 
mand. The  require- 
ments of  both  the 
army  and  navy  were 
iMi^ent,  while  large 
dustrial  plants 
iliroughout  the  coun- 
try found  it  expedient 
to  install  search  and 
flood  Hghts  for  pro- 
a  result  of  this  un- 
existing     stocks    of 


manufactured  searchlights  were   almost   im- 


mediately exhausted,  and  we  f(jund  our- 
selves facing  a  manufacturing  problem  the 
like  of  which  had  never  before  been  en- 
countered. The  2.S,U()<)  square  feet  of  floor 
space  allotted  to  the  manufacture  of  search- 
lights, which  during  peace  times  had  been 
found  ample,  was  on  \ery  short  notice  found 
to  be  less  than  one  half  of  the  manufacturing 
space  necessary  to  meet  the  requirements. 
Accordingly  it  became  necessary  to  com- 
mandeer additional  floor  space  in  other  parts 
of  the  plant,  which  was  done,  until  the  total 
floor  space  occupied  amounted  to  (il.oOO 
square  feet,  and  the  total  hands  employed 
numbered  379. 

In  addition  to  the  difficulty  of  building  up 
the  personnel  of  the  department  in  the  face 
of  a  country-wide  shortage  of  help,  we  found 
the  situation  still  further  complicated  through 


View  in  One  cf  the  Def  artments  Manufacturing  Some  of  the  Smaller  Searchlights 
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the  introduction  of  improvements  in  design, 
suggested  as  the  result  of  experience  gained 
in  actual  operation  in  the  field  with  the 
A.E.F, 

Difficulties  also  were  encountered  in  secur- 
ing raw  material,  such  as  carbons  and  mirrors. 
These  problems  were  successfully  met;  work- 
able schedules  consistent  with  the  manu- 
facturing possibilities  were  laid  out,  the 
working  organization  was  strengthened  with 
the  best  men  at  hand;  and,  by  a  carefully 
worked  out  system  of  inspection,  quantity 
production  was  secured  without  the  sacrifice 
of  quality.  The  government's  needs  were 
such  that  we  had  little  or  no  time  in 
which  to  manufacture  complete  sets  of  jigs 
or  machining  fixtures,  and  this  in  itself 
developed  a  situation  which  made  it  necessary 
to  employ  the  highest  degree  of  skilled 
mechanics. 

During  this  period  of  intensive  manufac- 
ture, the  Schenectady  Works  produced  and 
shipped  approximately  2475  searchlights,  of 
high,  medium,  and  low  intensity,  repre- 
senting approximately  a  total  candle-power  of 
one  hundred  and  seventy-five  billion. 

While  we  are  dealing  in  large  figures  and 
generous  ideas,  it  might  be  stated  that  this 
regiment  of  searchlights,  if  rolled  into  a 
single  projector  of  high  intensity  type,  would 
have  the  following  dimensions; 

Diameter  of  mirror,  870  inches. 
Diameter  of  carbon,  15  inches. 
Current,  87,500  amperes. 
Watts,  10,500,000  at  terminals. 


The  beam  would  give  full  sunlight  at  a 
distance  of  one  and  one  tenth  miles  (over- 
looking atmospheric  effects  and  a  few  other 
considerations);  ordinary  outdoor  daylight 
at  about  five  and  five  tenths  miles;  comfort- 
able illumination  at  thirty-five  miles,  and 
sufficient  light  for  rough  work  at  seventy- 
eight  miles.  Should  we  desire  only  full  moon- 
light, we  would  find  good  working  conditions 
at  three  hundred  and  fifty  miles. 

These  staggering  figures  may  be  of  interest 
to  the  layman.  Of  how  much  more  interest 
would  they  have  been  to  the  student  of 
economics,  a  merchant  of  Albany,  who,  less 
than  sixty  years  ago,  took  his  grandson  on 
his  knee  and  remarked:  "My  boy,  there  is 
trouble  in  store  for  you.  I  see  by  the  papers 
that  they  are  killing  off  all  the  whales,  and 
the  time  is  coming  when  you  will  have  to  go 
to  bed  in  the  dark." 

A  table  showing  the  increased  rate  of  output 
of  searchlights  from  1913  up  to  and  including 
1918,  follows: 

1913  produced    206  searchlights 

1914  produced    609  searchlights 

1915  produced    304  searchlights 

1916  produced    666  searchlights 
.1917  produced    922  searchlights 

1918  produced  1747  searchlights 
Such  war  time  results  could  not  have  been 
obtained  but  for  the  indomitable  energy  and 
loyal  co-operation  of  all  the  employees  in  the 
Searchlight  Department.  They  were  men  of 
many  nationalities,  but  they  all  worked  many 
hours  overtime  with  the  common  end  in  view. 
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Searchlight  Electrodes 

By  W.  H.  IIakdman 

RliSliAKCEl     LaHORATOKY,    ("iKNHK AL    Kl.liCTRIC    COMPANY 

Of  all  the  dements  lluil  k<'  t"  make  up  the  CDiiiplete  inodern  high-intensity  searchliRht  the  electrodes  are 
perhaps  the  most  important.  The  author  tells  of  their  ilevelopnient,  stalinc  the  requirements  of  the  finished 
product,  describinR  the  raw  material  necessary  and  explaining  the  process  of  manufacture.  While  before  the 
war  America  largely  conlined  her  attention  to  quantity  production,  the  author  shows  that  she  now  possesses 
both  the  experience  and  the  raw  material  necessary  for  producing  any  type  or  quality  of  electrodes. — Editor. 


W.  H.  Hardma 


A  BOUT  ei^ht  years 
■^^  aj:;o  the  Research 
I-aboratory  at  Sche- 
nectady took  up 
experimental  work 
on  moulder]  carbon, 
partictilarly  on  hif^h 
grade  carbon  brushes 
for  railway  motors. 
At  that  time,  al- 
though the  United 
States  manufactured 
nearly  ten  times  the 
total  output  of  the 
European  factories, 
the  quality  was  of  low  grade  and  all  the  high 
grade  carbons  were  imported  from  France 
and  Germany. 

The  American  moulded  carbon  industry 
was  then  in  a  relatively  crude  state.  Great 
quantities  of  carbon  for  motor  brushes,  elec- 
tric furnace  electrodes,  arc  lamp  electrodes 
etc.,  were  manufactured  and  were  of  such 
quality  as  to  meet  the  large  quantity  demand  ; 
but  as  an  art,  the  work  had  not  been  highly 
developed.  "Tonnage"  was  the  chief  con- 
sideration; and  in  many  cases,  mass  pro- 
duction was  more  imperative  than  special 
quality. 

With  certain  electric  apparatus,  however, 
such  as  railway  motor  brushes  and  search- 


light electrodes,  the  highest  quality  attainable 
is  of  the  utmost  im]jortance,  regardless  of 
cost.  Therefore,  "Grammage"  with  special 
quality,  had  to  be  considered  above  "Ton- 
nage," and  the  cost  of  production  per  pound 
became  greater  than  the  previous  cost  per 
hundred  weight. 

The  Research  Laboratory's  experimental 
work  on  searchlight  electrodes  covers  both 
high  and  medium  intensity  carbons  of  vari- 
ous sizes,  ranging  from  ^'g  in.  to  1%  in.  in 
diameter  and  for  currents  from  150  to  500 
amperes. 

The  following  specifications  for  the  high  in- 
tensity positive  electrodes,  for  the  36-in.  and 
60-in.  drum  type  projectors,  give  some  idea  of 
the  necessary  refinement  of  manufacture.  This 
electrode  is  HOG  mm.  long,  16  mm.  diameter 
with  an  S-mm.  diameter  core  of  flaming  salts. 
The  shell  and  core  are  extruded  separately; 
the  one-piece  core  is  inserted  in  the  shell  with 
a  minimum  clearance  and  firmly  cemented. 
It  must  be  substantially  straight;  any  curva- 
ture must  be  evenly  distributed  along  entire 
length,  and  the  maximum  cur\ature  must  not 
exceed  2  mm. 

In  addition  to  being  straight,  good  electrodes 
should  have  a  maximum  burning  life  of  two  and 
one  half  hotu-s,  with  proper  crater  depth  and 
without  excessive  spindling,  so  as  to  give 
the    maximum    beam,  candle-power    at    the 


,..V  Fig.  1.     200  Ampere  Negative  Electrodes 

(a)  (b)  (c)  (d)  Electrodes  of  various  manufacture,      (e)   Electrodes  manufactured  by  the  General  Electric  Company 
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required  current  and  an'  \()ltav;e.  Of  iMiirse. 
the  resistance  alTccts  tlic  operation  and  should 
he  controlled. 

One  of  the  lirst  essential  re(|uirenients  of 
successful  electrode  manufacture  is  the  selec- 
tion of  the  raw  materials.  The  various 
allotropic  forms  of  carbon  have  cjuite  dif- 
ferent characteristics,  and  olTer  quite  a  wide 
field  from  which  to  choose.  Experience, 
coverin}^  the  development  and  manufacture 
of  many  ty])es  of  hi,i,'h  ^'rade  carbons,  such  as 
brushes,  special  mouUled  carbons,  etc.,  jjave  us 
an  intimate  knowledge  of  the  various  grades 
of  carbon  materials  available  for  electrode 
work,  and  permitted  the  introduction  into 
the  manufacture  of  electrodes  of  certain 
refinements  in  materials  not  common  in 
general  carbon  manufacture.  F'or  instance, 
good  calcined  lampblack,  because  of  its 
extreme  fineness  and  purity,  lends  itself 
admirably  to  the  manufacture  of  high  grade 
electrodes.      Calcined    petroleum    coke,    gas 


%%lll*l.l.l. 


an<l  kneading,  forming,  extrusion,  firing  ami 
coring. 

The  carbon  powder,  reduced  to  the  desired 
degree  of  fineness,  is  jjlaced  in  the  mixer  with 
the  bonding  material.  The  mixer  is  equip|je<l 
with   blades  having  a  ]jrogrcssive  and   retro- 


i 


Fig.  6.      200  Ampere  Medium  Intensity  Electrodes 

retort  carbon  and  dehydrated  coal-tar  are 
also  used  extensively.  Coal-tar  pitch  can  be 
used  and  is  easy  to  handle,  but  tar  lends 
itself  more  readily  to  the  extrusion  process. 

The   manufacturing   of  electrodes   can   be 
divided,  in  general,  into  five  parts,  viz..  mixing 


Fig.  7.     500  Ampere  Medium  Intensity  Electrodes 

grade  motion  which  squeezes  and  kneads  the 
mixture  and  coats  the  carbon  particles  with 
the  binder.  After  this  process,  additional 
kneading  is  effected  in  the  chaser  mill  until 
the  whole  mass  becomes  a  very  stiff,  worked 
putty.  Fig.  1  and  2  resjjectively  show  the 
mixer  and  chaser-mill. 

The  material  is  then  formed  into  pellets 
which  are  put  into  the  steam  cylinder  of  the 
extrusion  press  and  squirted  out  through  a 
die  of  the  desired  size.  Good  extrusion 
depends  upon  the  fineness  of  the  materials, 
amount  of  binder,  temperature  of  mixture, 
rate  of  extrusion  and  the  pressure  used. 
Fig.  3  shows  a  standard  type  of  hydraulic 
extrusion  press. 

The  next  step  in  the  process  is  known  as 
the  curing,  baking  or  firing,  and  is  the  most 
important  of  all.  The  furnace  used  for  the 
carbonization  of  the  electrodes  is  of  the  utmost 
importance,  and  has  caused  more  failures  than 
anything  else.  Good  materials  are.  of  course, 
essential  for  good  electrodes,  but  if  the  furnace 
for  carbonization  is  not  adapted  to  the  require- 
ments, the  electrodes  will  be  of  low  grade. 
Temperature  control  is  necessary,  because 
the  electrodes  must  be  baked  very  slowly  on 
account  of  their  poor  heat  conductivity  in  the 


688     September,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  9 


green  state.  A  special  electric  muffle  type 
of  kiln  has  been  developed,  which  is  capable 
of  regulating  the  temperature  rise  to  10  deg. 
C.  per  hour,  up  to  a  red  heat.  A  row  of  such 
muffles  is  shown  in  Fig.  4. 

After  the  baking  or  firing  the  electrodes 
are  ready  to  core.  Too  much  stress  cannot 
be  placed  upon  the  necessity  of  care  in  this 
operation,  as  the  steady  operation  of  the 
electrode  depends  to  a  great  extent  upon  the 
manner  in  which  the  electrodes  have  been 
cored.  Poor  coring  causes  sputtering;  this 
is  due  to  the  coring  paste  being  too  thin, 
which  leads  to  spongy,  fired  mixture. 


electrodes,  but  at  first  with  little  success.  It 
was  their  contention  that  it  was  of  so  special  a 
type  that  its  field  of  application  would  be 
very  limited.  Hence  it  did  not  warrant  the 
time  necessary  for  its  development.  By  close 
co-operation,  however,  the  development  of  an 
electrode  of  this  type  was  accomplished,  and 
it  is  believed  that  at  least  two.  well-known 
American  concerns  are  today  producing  high 
intensity  electrodes  of  a  quality  comparable 
with  the  best  foreign  works. 

For  the  army  open-type  projector,  operated 
at  200  amperes,  there  have  been  developed 
electrodes   IJ/g  in.   in    diameter,    which    give 


A 

A 
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C 
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Fig.  8.     High  Intensity  Electrodes 


(a)  loO-ampere  positive  and  negative  liigh  intensity  electrode 

(b)  150-ampere  positive  and  shell  high  intensisy  electrodes 

(c)  150-ampere  positive  and  core  high  intensity  electrodes 

The  chief  test  to  which  an  electrode  must 
be  subjected  is,  of  course,  its  operation  in  a 
lamp.  However,  a  general  knowledge  of  the 
characteristics  can  be  obtained  by  certain 
electrical  and  mechanical  tests.  The  elec- 
trical resistance  is  measured;  the  tensile 
strength,  density  and  hardness,  on  each 
batch  of  electrode  is  also  measured,  as  in  this 
way  the  uniformity  of  the  product  can  be 
better  assured,  and  the  necessary  information 
for  future  improvement  may  also  be  secured. 

As  a  result  of  this  research  work  on  elec- 
trodes we  have  been  able  to  successfully 
manufact\ire  on  a  small  production  basis  high 
intensity  electrodes  for  operation  at  150  to 
500  amperes.  Prior  to  this  development  of 
the  high  intensity  electrode,  the  best  known 
electrodes  were  operated  at  a  current  den- 
sity of  150  amperes,  and  these  were  only 
obtainable  from  Germany. 

The  war  shut  off  this  supply,  so  that  Amer- 
ican manufacturers  had  to  be  appealed  to  for 


(d)  200-ampere  positive  and  negative  high  intensity  electrodes 

(e)  200-ampere  positive  and  shell  high  intensity  electrodes 

(f)  200-ampere  positive  and  core  high  intensity  electrodes 

very  satisfactory  ooeration .  Such  a  high  elec- 
trode current  density  as  200  amperes  per  sq. 
in.  had  never  been  used  before.  The  old 
Army  and  Navy  60-in.  drum-type  projector 
operates  at  175  amperes  with  a  2-in.  diameter 
electrode.  This  comparatively  low  electrode 
current  density,  with  its  accompanjnng  low 
efficiency,  was  determined  on  the-  basis  of 
steadiness,  quiet  operation  and  long  carbon 
life,  without  any  apparent  reference  to  the 
candle-power  or  lumen  performance.  Under 
this  condition,  its  operation  in  respect  to 
maximum  beam  candle-power,  quietness  of 
operation  and  steadiness  of  beam,  is  greatly 
inferior  to  the  Ij^s-in.  diameter  electrode, 
operated  at  200  amperes. 

From  this  work  it  is  apparent  that  any  type 
or  quality  of  electrode  can  be  produced  from 
Anierican  raw  materials. 

The  author  wishes  to  express  his  apprecia- 
tion of  the  help  given  by  M.  F.  Girvin  in  the 
preparation  of  this  article. 
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Searchlight  Tower  Units 

By  R.  S.  HuoD,  Jr. 
First  Liuiiticnant  ok  Kshmnkkks,  Unitku  States  Army 

The  author  gives  a  brief  description  of  the  several  types  of  searchlight  tower  units.  Some  of  the  most  impor- 
tant dimensions  relative  to  size  and  power,  etc.,  and  other  interesting  data  are  given  concerning  the  telescopic. 
Bascule  bridge  and  counterbalanced  types  of  unit.  The  different  means  of  making  these  units  mobile  are  also 
described. — Editor. 


R.  S.  Hood.  Jr 


T  X  the  desij^n  of 
^  lar<je  searchlights, 
a^  used  by  the  Corps 
(It  Ens^ineers,  U.  S. 
Army,  among  the  first 
problems  are  the  di- 
ameter and  intensity 
of  the  beam  and  the 
maximum  effective 
range  for  the  par- 
ticular work  to  be 
accomplished.  The 
range  is,  under  ordi- 
nary conditions,  anv- 
where  from  12,000  to  -io'OOO  feet.  These 
figures  vary  in  accordance  with  the  prevailing 
atmospheric  conditions  and  the  nature  of  the 
terrain  over  which  the  beam  \\-ill  be  projected. 
In  the  case  of  field  operations,  the  search- 
light may  be  mounted  on  an  automobile  trtick 
and  its  position  may  be  limited  to  such  an  ex- 
tent that  it  is  behind  a  hill,  or  that  a  wooded 
area  stands  in  front  of  it.  It  then  becomes 
necessary  to  elevate  the  light  enough  to 
clear  the  obstacle,  since  otherwise  its  position 
on  the  ground  or  the  truck  will  enable  it 
to  be  effective  only  at  angles  varving  from  30 
deg.  to  90  deg.  and  then  only  against  air- 
planes. The  uses  made  of  the  light,  however, 
are  not  entirely  confined  to  anti-aircraft  work. 
Should  the  searchlight  be  used  on  the  sea- 
coast  and  the  beam  be  projected  across  the 
water  from  the  ground  line  on  the  coast,  the 
curvature  of  the  earth  and  ocean  seriously 
limits  the  range.  This  being  from  eight  to 
nine  inches  per  mile,  it  again  becomes  neces- 
sary to  elevate  the  light.  Special  study  has 
been  given  this  phase  of  searchlight  develop- 
ment and  the  following  types  of  elevating 
towers  have  been  the  result: 

Types 

(a)  The  Telescopic  Tower  Unit. 

(b)  The  Bascule  Bridge  Tower  Unit 

(c)  The  Counterbalanced  Tower  Unit. 


(a)  The  Telescopic  Tower 

The  telescopic  tower  was  the  first  successful 
design  adopted  by  the  Engineer  Corps.  Many 
modifications  have  been  made,  owing  to  the 
fact  that  careful  thought  and  workmanship 
indicated  improvements  during  the  develop- 
mental stages.     To  elevate  and  lower  a  tele- 


scopic tower  with  a  searchlight  mounted  on 
the  top,  requires  the  use  of  well  designed 
sheaves,  bearing  surfaces,  locking  de^"ices  and 
the  elimination  of  all  stirplus  weight. 
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The  24-in.  Limber-caisson  Tower  Unit 

This  is  a  horse-drawn  field  outfit  consisting 
of  a  limber,  which  is  the  power  unit;  and  a 
caisson  which  carries  the  semi-telescopic  tower 
and  a  24-in.  drum  type  searchlight.  See 
Figs.  1  and  2. 

(a)  The  Limber  Power  Unit — A  5-kilowatt 
gas  engine  generating  set  and  a  suitable 
switchboard  are  mounted  on  springs  that  are 
bolted  to  the  axle  of  the  limber  unit.  It  is 
only  necessary  to  set  the  proper  voltage  of  the 
generator  for  continuous  power  to  the  search- 
light.    See  Fig.  1. 

(b)  The  Caisson  (Tower  Unit) — A  2-t-in. 
drum   type   searchlight   is    mounted    on    an 


accommodate  a  60-in.  diameter  searchlight 
and  with  the  tower  in  its  extended  position 
will  withstand  a  direct  wind  pressure  of  100 
miles  per  hour,  with  or  without  the  use  of  out- 
riggers. The  tower  is  made  up  of  telescopic 
sections  and  when  telescoped  and  mounted  on 
tractor,  can  pass  through  any  average  railroad 
tunnel.  A  suitable  ladder  up  the  side  of  this 
tower  is  provided  for  the  convenience  of  the 
operator,  who  is  in  position  at  the  lamp  when 
the  arc  is  burning.  A  flexible  cable,  carrying 
the  power  from  an  electric  generator  on  the 
vehicle  up  to  the  searchlight  is  suspended 
alongside  the  tower  when  in  the  elevated  posi- 
tion.   When  the  tower  is  lowered,  the  cable  is 


Fig.  2       24  in    Sperry  Brill  Limber  Ca 


Unit  Complete 


IS-foot  semi-telescopic  tower.  There  are 
two  movements  to  be  made  before  the  tower 
is  extended  to  its  final  and  highest  position. 
See  Fig.  2. 

A  cable  drum  operated  by  two  men  hoists 
the  telescoped  tower  and  light  to  the  vertical 
position.  One  man  then  raises  the  telescoping 
section  with  a  hand  hoist  to  the  final  eighteen 
foot  position. 

The  light  is  remote  controlled  and  the 
proper  regulation  is  secured  with  a  thermostat. 
Extra  cable  is  provided  so  that  the  caisson  can 
be  separated  from  the  limber,  when  this  is 
necessary. 

60-Foot  Tower  Caterpillar  Tractor  Unit 

At  the  present  time,  there  is  in  the  course  of 
construction  a  tower  60  feet  high,  mounted  on 
an  eight-wheel  caterpillar  tractor.     This  will 


wound  automatically  on  a  drum.  The  genera- 
tor referred  to  receives  its  initial  mechanical 
power  directly  from  the  gasolene  engine  of  the 
propelling  unit. 

This  tower  can  be  elevated  in  approximately 
four  minutes  and  lowered  in  approximately 
the  same  time,  using  an  electric  motor  and 
hoist. 

The  versatility  of  this  unit  is  evident,  when 
it  is  known  that  it  can  be  used  either  for  sea- 
coast  or  field  work.  Metals  not  aflfected  by 
salt-Iadened  air  have  been  employed.  A  "ball 
and  socket ' '  efl'ect  has  been  introduced  to  take 
care  of  the  position  and  stability  of  the  tower 
when  the  nature  of  the  ground  prohibits  the 
proper  leveling  of  the  supporting  vehicle,  and 
many  other  obstacles  have  been  met  and  over- 
come, with  the  result  that  the  telescopic  tower 
has  been  made  a  success. 


sivAkciii.Kwrr  'lowi'k  l'NITs 
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(b)  The  Bascule  BriiiRc  Tower  Unit 

This  unit  (.'inplnyrs  tlu'  '"  jac-kkiiil'i' "  towiT 
princiiik-aiid  is  liosi^^iicil  tin"  licld  use.  A  .'{(i-in. 
iliaiiu'tcr  ilruin-lypo  soarclilit^lit  is  moiinli-d  mi 
the  tower,  whicli  is  in  turn  mouiUcil  on  an 
automobile  truck.     See  FiK/5- 

The  tower  is  raised  by 
means  of  ropes  and  slieaves 
wound  t)n  a  cable  drum. 
The  drum  receives  meclianical 
power  from  the  motor  truck 
engine.  The  electric  power 
for  the  searchlight  is  obtained 
from  a  separate  power  unit, 
which  is  carried  along  for 
this  purpose. 

(c)  Counterbalanced  Tower  Unit 

Where  cxlrcnic  stabilit>"  is 
desired  and  where  remote 
control  of  the  searchligln 
beam  is  considered  necessar\-. 
the  counterbalanced  tower  is 
most  successful.  Its  applica- 
tion is  confined  to  seacoast 
defense  work,  howe\-er,  for  the 
reason  that  with  the  employ- 
ment of  counterweights,  the 
weight  factor  presents  itself 
and  the  result  is  necessarily 
a  slow  mo\Tng  unit,  which  is 
undesirable  for  field  service. 

A     remarkable     step     was 
made  when  the  GO-in.  railway 
counterbalanced  tow^er  type  searchlight  was 
completed.     See  Fig.  4. 

The  unit  consists  of  one  standard  steel  re- 
inforced box  car,  10  feet  long,  coupled  to  a 
standard  40-foot  steel  flat  car. 

The  Flat  Car  Unit 

On  the  flat  car  is  mounted  a  33-foot  counter- 
balanced tow^er  with  a  GO-in  diameter  drum 


I  Npe  searchlight  mounted  on  a  platform  rjti  the 
I  nd  of  the  lower.  See  I'ig.  .'>.  The  lower  is  so 
accurately  balanced  that  one  man  can  elevate 
or  lower  it  easily  in  one  minute's  time.  This  is 
done  through  the  use  of  a  crank  loading  to  a 
worm  gear.    Theoretically  the  tower  couM  be 


Fig.  3.      36-in.  Carlisle  &  Fii 


^h  Searchlight  Mounted  on  Strauss  To 
wer  partly  raised 


raised  orlowered  bymerelyapplying  the  slight- 
est force,  but  the  element  of  friction  necessi- 
tates the  use  of  man  power  to  overcome  it. 

The  platform  with  the  searchlight  mounted 
thereon  is  kept  in  the  horizontal  position  at  all 
angles  as  the  tower  rises  from  the  horizontal 
to  the  elevated  (90  deg.)  position.  This  is  ac- 
complished by  a  three  fourth  inch  equalizing 
cable  and  gra\atv. 


Fig.  4.     6C-in.  Seacoast  Railway  Type  Searchlight.      Box  and  Flat  Car  co.ipIed  togethe 
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Fig.  5.      60-inch  Seacoast  Railway  Tower  Type  Searchlight 


of  Flat  Car  with  To 


1  45-degree  Position 


The  searchlight  is  fitted  with  a  remote  con- 
trol equipment,  consisting  of  motors  in  its 
base,  1000  feet  of  control  cable  and  a  scaled 
controller  box.  The  operator  has  then  com- 
plete control  of  the  light  anywhere  within  a 
radius  1000  feet  of  the  light  itself. 


The  flat  car  unit  is  self  propelling,  being 
equipped  with  railway  motors  and  control 
equipment.  Powerful  headlights  are  provided 
on  the  front  of  the  car  for  night  traveling. 

The  power  for  the  searchlight,  railway 
motors    and    headlight   is    obtained    through 


Fig.  6.     60-inch  Seacoast  Railway  Tower  Type  Searchlight.     Side  View  of  Box  Car  (Power  Unit)  showing 
One  of  the  320-gallon  Gasolene  Tanks  Suspended 


si:arciii.ic,ii-|-  'iowicr  rxrrs 


0i)3 


jumpers    from    tin-    hox    car    unit,    which    is 
described  below. 

The  Box  Car  Unit 

The  box  car  unit  is  Ihc  power  unit.  See 
Fig-  6.  It  is  self  jiropellin^,',  emijloyinf;  a 
motor  and  control  equiinnenl  which  is  a  dupli- 
cate of  that  on  the  flat  car.  All  of  the  electric 
power  is  obtained  from  two  2o-kilowatt,  115- 
volt  General  Electric  GM-l'J  gas-electric  sets 
that  are  situated  conveniently  in  the  box  car. 

To  propel  the  equipment,  both  generalin).; 
units  are  put  in  series,  giving  230  volts.  Both 
vmits  can  be  operated  from  one  2o-kw.  unit, 
however,  obtaining  a  maximum  speed  of  five 
miles  per  hour,  while  when  using  both  sets  in 
series  a  speed  of  from  se\-en  to  ten  miles  per 
hour  maximum  is  obtained. 

A  suitable  switchboard  is  located  in  the 
power  unit.  This  is  the  control  center  of  all 
equipment.  From  this  board  a  1 1 5-volt  line  is 
led  to  the  searchlight  through  a  permanent 
ballast  resistance  located  on  the  flat  car,  which 
cuts  the  voltage  to  75  when  the  proper 
amperage  is  drawn  by  the  arc  (150  amperes). 
Other  lines  run  to  the  dififerent  motors,  fans 
and  control  circuits. 

For  the  comfort  of  the  operators,  suitable 
sleeping  cots  are  placed  in  this  car.  To  pre- 
vent freezing  and  to  insure  the  necessary 
warmth,  two  coal  stoves  are  supplied.  Each 
stove  is  enclosed  in  a  sheet-iron  compartment 
made  tight  enough  so  that  the  gases  from  the 
engine  do  not  come  in  contact  with  the  flames 
in  the  stoves.     Access  to  the  stove  compart- 


ments is  gained  fnim  the  outside  only,  thereby 
eliminating  any  chance  of  a  do(jr  admitting 
inflammable  gases. 

Two  tanks  ff)r  gasolene  are  supplied,  each 
with  a  capacity  of  .'i20  gallons.  One  lank  is 
susi)ende<!  on  each  side  of  the  box  car.  This 
gasolene  is  supplied  to  the  engine  through  in- 
dividual pumps.  The  same  gasolene  level  is 
maintained  in  both  tanks  with  the  use  of  an 
equalizer  \n\>(i  connecting  one  to  the  other. 
Sus|)ended  from  the  ceiling  of  the  car  are  four 
25-gallon  water  tanks.  A  pipe  arrangement 
equalizes  this  water  also.  If  desired,  water 
may  be  furnished  either  engine  from  one 
tank  or  from  all.  The  engine  mufflers  are 
Ijlaeed  on  the  top  of  the  car  so  as  to  get  the 
full  benefit  of  cool,  fresh  air.  All  power 
delivered  from  the  box  car  to  the  flat  car  is 
transmitted  through  jumpers.  It  can  there- 
fore be  seen  that  the  two  cars  make  up  a 
complete,  self-propelled  tower  type  search- 
light unit  and  that  it  is  entirely  independent 
in  its  operation. 

Conclusion 

The  tower  units  described  in  this  article 
have  all  been  developed  since  the  entrance 
of  the  United  States  into  the  world  w^ar; 
before  that  time  the  matter  had  scarcely 
been  given  a  thought.  The  remarkable 
strides  made  and  the  success  gained  is  due 
to  the  untiring  efforts  and  the  close,  patient 
co-operation  of  manufacturing  companies  with 
the  Engineer  Department  of  the  United  States 
Armv. 
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Mobile  Searchlight  Power  Units  for  U.  S.  Army 

By  Henry  S.  Baldwin 

Engineer  Automotive  Department,  Lynn  Works,  General  Electric  Company 

Ready  mobility  is  a  leading  characteristic  of  the  weapons  which  proved  most  effective  during  the  war 
just  concluded.  Great  difficulties  were  met  and  surmounted  by  the  engineers  when  incorporating  this 
characteristic  in  many  of  the  instruments  of  warfare  which,  by  reason  of  size  or  weight,  had  hitherto  been 
considered  to  be  stationary  or  at  least  only  semi-portable.  Such  an  instance  was  the  development  of  the 
powerful  light-weight  army  searchlight  and  its  mobile  power  plant.  A  complete  description  of  three  units  of 
different  size  is  given  below. — Editor. 


T' 


''HE  great  conflict 
of  the  past  four 
years    may    well    be 
termed  a  Motor  War. 
Except  for  the  explo- 
sion  engine,    warfare 
of  today  is  practically 
the    same    as   it    has 
been     for     centuries. 
The  internal-combus- 
tion motor,  however, 
has  given  us  the  air- 
ship, the  artillery  cat- 
erpillar   tractor,    the 
tank,  the  motor  truck, 
the  portable  electric  power  plant,  and  also  the 
means  for  propelling  the  submarine  and  patrol 
boat.      There   has   been   great   refinement  in 


Henry  S.  Baldwin 


for  anti-aircraft  searchlights  and  flood-lights 
for  landing  fields;  for  signalling ;  wireless  tele- 
graphy, telephony,  and  many  similar  uses. 

Not  the  least  important  of  these  is  the 
searchlight,  which  until  the  Great  War  had 
been  little  changed  since  the  beginning  of  the 
industry  back  in  the  '90s.  The  conventional 
searchhght  consists  of  a  large  barrel  containing 
a  mirror  and  lamp  mechanism,  together  with  a 
suitable  support  so  that  it  can  be  trained  at 
any  angle.  During  the  past  two  years,  how- 
ever, searchlights  of  great  size  and  compara- 
tively light  weight  have  been  developed  by  the 
engineers  of  the  Lynn  Works,  who  have  co- 
operated with  the  Engineer  Corps  of  the  U.  S. 
Army.  The  delicate  mechanism  for  control- 
ling the  carbons  has  been  replaced  by  a  simple 
hand  device  which  passes  directly  through  the 


ic-CadiUac,   20-kw    Mobile   Searchlight   Power  Unit   showing   Searchlight   in  Position 
for  Action,  Engineer  Corps  U.  S.  Army 


ordnance,  machine  guns,  and  small  arms  but, 
generally  speaking,  except  for  the  explosion 
motor,  warfare  has  remained  practically  un- 
changed since  the  introduction  of  gun  powder. 
Trenches,  dugouts  and  mines,  grenades  and 
gas  bombs,  bayonets,  and  the  like  are  the 
same. 

The  explosion  engine  has  opened  the  way 
for  the  use  of  electricity  in  warfare;  for  the 
purpose  of  illuminating  bases  and  dugouts; 


center  of  the  mirror.  By  this  noteworthy 
improvement  a  searchlight  hairing  a  60-in. 
diameter  mirror  actually  weighs'  less  than  a 
3t)-in.  diameter  unit  of  the  old  style.  The  im- 
portance of  this  development  in  warfare  can- 
not be  overstated,  as  the  use  of  the  airship  for 
bombing  cities,  towns,  bases,  and  ammunition 
dumps  has  made  it  necessary  to  provide  means 
to  locate  the  ships  at  night  so  that  they  can 
be  driven  off  or  destroved. 
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Ivn^iiK'iT  nllifcrs,  wlin  li;i\i'  lii:cii  nvcrscas, 
slate  tliaL  ciieniy  iilaiu's  usually  turn  hack 
upon  encounlerinj^  a  soari-lilij^lit  harra^jc  of 
any  magnitude;  wlioreas,  the  tire  from  artil- 
lery or  maehine  j:;uns  is  comparatively 
inetTeeti\'e,  exeej)!  at  close  rani^'e,  in  stoppin)^ 
air  attacks. 

The  t;rcat  aiUi-airerafl  searehlij^'hts  arc 
usually  located  well  uj)  toward  the  front  line 
in  order  to  i)rotect  the  important  strategic 
points  at  the  rear  and  endeavor  to  stop  the 
enemy  in  the  air  before  he  has  an  opportunity 
to  bomb  them. 

The  ()()-in.  searchlight  requires  the  outjjut 
of  a  20-kw.  generator,  which  must  be  available 
in  the  field  far  distant  from  the  usual  source  of 
electrical  su]ji>ly.  In  other  words,  a  self-con- 
tained and  complete  electric  power  plant, 
which  can  be  moved  rapidly  from  place  to 
place  and  readily  camouflaged,  must  be  pro- 
vided. In  the  early  years  of  the  war  the  neces- 
sity for  this  equipment  was  not  so  apparent  as 
air  warfare  had  not  been  fully  developed.  As 
time  passed,  however,  the  bombing  plane  and 
enormous  Zepplin  dirigible,  which  attack 
usually  at  night,  made  it  necessary  im- 
mediately to  provide  mobile  power  units  to 
operate  field  searchlights. 

It  has  been  stated  that  the  British  used  the 
gasolene-electric  omnibuses  taken  from  the 
streets  of  London,  and  that  the  French  at- 
tached generators  to  the  front  end  of  Renault 
and  Brasier  trucks.  Our  own  army  in  1917 
and  1918  devised  power  units  constructed  of 
0-ton  gasolene  truck  chassis.  The  British 
and  American  units  were  more  or  less  heavy 
and  cimnbersome  and,  therefore,  could  not  be 
moved  rapidly  over  rough  ground  to  meet 
field  requirements.  It  was  at  this  point  in 
June,  1918,  that  the  engineers  of  the  General 
Electric  Company  were  requested  to  develop 
a  mobile  power  unit  which,  as  was  stated  in  a 
message  from  France,  should  be  more  like  a 
"jack-rabbit  than  a  road-roller." 

An  order  was  placed  by  the  Engineer  Corps, 
U.  S.  Army,  on  July  9,  1918,  for  a  mobile 
searchlight  power  unit  which  should  be  as 
light  in  weight  as  possible  and  yet  comply  with 
all  the  military  conditions  specified  for  the 
earlier  5-ton  truck  unit,  with  the  addition  of  a 
fiO-in.  searchlight  and  accessories  in  place  of 
the  36-in.  light  originally  called  for. 

After  eight  weeks  of  intensive  designing 
and  construction  a  complete  outfit  meeting 
every  requirement  was  delivered  to  the  Engi- 
neer Depot  in  Washington,  with  60-in.  lamp 
ready  to  be  shipped  abroad.  A  few  hurried 
tests  were  made  over  the  roads  of  Virginia.     It 


was  then  driven  to  New  'S'lirk  under  its  own 
ixiwer  and  place*!  on  board  shij),  arriving  in 
France  the  latter  i«trt  of  Se|)tember.  Early  in 
October  it  reached  Paris  and  from  that  lime 
on  to  the  present  it  has  been  demonstrated  on 
American,   British,  and    French   sectors,  and 


Fig.  2.      Map  showing  Itinerary  of  first  General  Electric-Cadillac 
Mobile  Searchlight  Power  Unit  sent   to  France  in  1918 


was  also  taken  to  London  for  inspection  by 
the  British  War  Office.  It  is  interesting  to 
note  that  it  was  in  active  service  vriih  the 
troops  on  the  American  front  for  some  time 
prior  to  the  signing  of  the  armistice,  Novem- 
ber 11,  1918. 

The  following  figures  will  indicate  how  this 
power  unit  differed  from  those  which  had  pre- 
viously been  proposed  for  the  L'nited  States 
Army.  The  overall  weight  was  reduced  more 
than  10,000  lb.,  the  speed  increased  from  15  to 
45  miles  an  hour;  and  the  cost  reduced  nearly 
40  per  cent.  The  new  machine  weighed  9000 
lbs.,  ready  for  field  service.  This  included 
motor  car  and  body,  prime  mover,  an  eight- 
cylinder  gasolene  engine.  20-kw.  generator, 
fuel  and  lubricating  oil.  300  feet  of  No.  00 
twin  cable  and  reel,  s\^-itchboard  and  60-in. 
diameter  searchlight  with  carriage,  together 
with  personnel  of  five  men  to  operate  the 
unit.  In  addition  were  carried  a  training  con- 
trol, spare  lamp,  lamp  supplies  and  acces- 
sories, all  necessary  tools,  together  with  pick, 
spade,  shovel,  crowbar,  lanterns  and  similar 
equipment. 
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In  order  to  produce  this  result  a  standard 
Model  57,  145-in.  wheel  base  Cadillac  chassis 
was  selected.  This  has  an  eight-cylinder  en- 
gine having  a  maximum  output  of  SO-brake 
horse-power.  A  General  Electric  automotive 
generator  with  hollow  shaft  and  double-acting 


al  Electric-Cadillac  Camouflaged  on  Firing  Line  in  France 


:-Cadil 
Engir 


20  kw.    Mobile   Searchlight   Power  Unit 
■   Corps,  U.  S.  Army 


clutch  was  attached  to  the  chassis,  requiring 
very  little  change  in  the  latter.  The  gen- 
erator, clutch,  governor,  and  other  details 
had  a  total  weight  of  about  650  lb.,  or  some- 
what less  than  that  of  the  engine.  The  en- 
gine and  generator  were  exactly  in  balance  as 


regards  capacity,  and  the  result  was  a  smooth- 
running,  quiet,  gas-electric  set  well  adapted 
for  searchlight  purposes.  Suitable  reels  were 
provided  for  the  300  feet  of  twin  cable  which, 
together  with  an  extra  supply  of  gasolene  for 
fuel,  made  up  what  was  probably  the  lightest 
unit  of  its  capacity  produced 
during  the  war.  The  Automo- 
tive Department  of  the  Gen- 
eral Electric  Company  at  Lynn 
built  90  of  these,  and  two  of 
special  design  were  supplied 
to  the  Bureau  of  Aircraft  Pro- 
duction, U.S.  Army, to  be  used 
in  flood  lighting  landing  fields. 
The  latter,  had  the  war  con- 
tinued, would  have  played  an 
important  part  in  air  warfare, 
as  the  ability  of  our  aviators  to 
make  a  safe  and  sure  landing 
atnight,  within  theirownlines, 
was  a  matter  of  vital  impor- 
tance. It  is  interesting  to  note 
that  several  of  these  search- 
light power  units  were  put  to 
practical  use  at  Roosevelt 
Field,  Mineola,N.Y.,  when  the 
British  dirigible  R-34  landed 
there  on  July  6,  1919,  after 
completing  the  first  success- 
ful Transatlantic  voyage  of  a 
lighter  than  air  ship. 

The  plans  of  the  Engineer 
Corps  and  the  Bureau  of  Air- 
craft Production,  U.  S.  Army, 
contem_plated  the  use  of  great 
numbers  of  these  mobile  power 
units,  which,  together  with 
the  60-in.  searchlight,  bear 
about  the  same  relation  to 
the  dreaded  bombing  airplane 
and  Zepplin  as  the  hydro- 
phone or  listening  device  does 
to  the  German  submarine. 
The  moral  effect  on  the 
enemy  of  great  searchlight 
beams  tended  to  keep  their 
ariships  away  from  the  stra- 
tegic points  of  the  allies, 
thereby  permitting  military 
and  civil  operations  to  be  car- 
ried on  without  molestation. 
It  might  be  added  that  one  of  the  GE- 
Cadillac  power  units,  U.  S.  A.,  No.  6051,  to- 
gether with  searchlight,  all  equipment  and  five 
men,  completed  a  road  test  of  over  2200  miles 
between  the  West  Lj'^nn  Works  of  the  General 
Electric  Company  and  Carlstrom  Flying  Field, 


_J 
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llnridii.  Allliouj^li  iliis  was  made  in  Feb- 
ruary and  Maivh,  at  llie  worst  time  of  the 
year,  willi  mud  and  clay  frequently  up  to  the 
iiulis,  the  unit  witiistood  the  test  successfully. 
After  a  three  weeks'  jieriod  of  field  ser\  ice  in 


Owinji  to  the  success  of  the  GlJ-Cadillac 
power  unit,  the  Knjjineer  Cor()S  of  the  U.  S. 
Army  has  jjlaced  orders  with  the  General 
lileclric  Company  for  a  oO-kw.  and  a  (i-kw. 
))ower  unit  alonK  similar  lines. 


Fig.  5.     General  Electr 


:-Cadillac   iO-kw.  Mobile  Searchlight   Power  Unit,  showing  Plan  Vi( 
Engineer  Corps,  U.  S.   Army 


Florida  it  was  returned  to  West  Lynn  over 
the  road.  The  total  distance  covered  in  the 
round  trip  was  440S  miles,  during  which  all 
important  parts  functioned  correctly. 

A  similar   unit   is  now  taking   part   in  the 
Washington-San    Francisco     run,    which    is 
being  conducted  by  the  Gov- 
ernment,  to  try  out  various 
motorized   equipment    devel- 
oped during  the  war. 

The  great  sa^^ng  in  weight, 
over  five  tons  per  unit,  to- 
gether with  the  marked  in- 
crease in  speed  and  reduction 
in  cost,  render  this  develop- 
ment most  important  and 
interesting  from  a  military 
standpoint.  Had  the  war 
continued,  it  is  e\4dent  that 
the  safety  of  European  cities, 
and  perhaps  our  own.  to- 
gether with  vast  supplies  of 
munitions  and  military  stores, 
would  depend  upon  protection 
from  night  bombing.  With- 
out power  units  and  search- 
lights such  raids  could  never 
have  been  prevented. 

A  number  of  sets  for  special 
military  applications  are  now 
being    developed,    and    it    is    clear    that    a 
mobile  electric  power  station  of  light  weight 
can  be  used  for  many  purposes  both  in  war 
and  in  peace. 


The  50-kw.  set  is  mounted  on  a  La  France 
Fire  engine  chassis  ha\4ng  a  motor  of  125 
brake  -horse-power.  This  set  is  now  on  test 
and  will  be  completed  in  a  short  time.  It  vnll 
weigh  about  17,000  lb.,  and  will  carry  a  full 
complement  of   12  men,   together  w4th  field 


Fig.  6.      General  Electric-Cadillac  20-kv 
lighting  Landing  Fields,  Bureau 


.  Mobile  Pi^  .vsr  Unit  Equipped  for  Flood- 
of  Aircraft  Production,  U.  S.  Army 


equipment  consisting  of  stove,  and  complete 
kitchen  outfit,  machine  guns,  rifies  and  am- 
munition, field  telephone,  reel  and  300  feet  of 
hea\^'  cable,  also  a  60-in.,500-ampere medium 
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intensity  searchlight,  with  necessary  supplies 
and  accessories. 

The  Automotive  Department  is  also  sup- 
plying a  50-kw.  generator  of  the  same  rating, 
for  a  60-foot  searchlight  tower,  to  be  operated 
on  a  special  form  of  caterpillar  tractor. 


Fig.  7.     General  Electric  20-kw.  Generator  showing  Clutch 
and  Governor.  Engineer  Corps  U.  S.  Army 


A  6-kw.  mobile  set  is  being  built  on  the 
standard  Dodge  chassis,  which  has  been 
lengthened  20  inches.  A  6-kw.  generator,  of 
quill  construction,  is  mounted  just  back  of  the 
transmission.  This  will  be  provided  with  a 
clutch  similar  to  the  ones  used  in  the  machines 
alreadv  described.  The  6-kw.  unit  will  have 
a  weight  of  about  4000  lb.  fully  loaded.  This 
includes  two  men  and  a  high  intensity  search- 
Hght  which  has  a  30-in,  mirror  and  weighs 
about  250  lb. 

It  should  be  mentioned  that  the  kilowatt 
rating  in  each  of  the  foregoing  cases  is  given 
on  an  intermittent  basis,  and  on  the  assump- 
tion that  the  searchlight  will  be  operated  at 
the  full  capacity  of  the  generator  for  fifteen 
minutes  with  a  no-load  interval  of  five  minutes, 
the  total  cycle  being  two  hours  and  the  opera- 


Fig.  8.     Convoy  General  Electric-Cadillac  20-kw.  Mobile 

Searchlight  Power   Unit,  No.  6051,  from   Dorr 

Field,  Florida,  to  West   Lynn,  Mass. 

tion  at  night.     This  complies  with  actual  field 

experience  as  regards  night  bombing  attacks. 

These  developments  have  also  led   to  the 

placing  of  an  order  by  the  Signal  Corps  of  the 


Fig    9.      Gereral  Electric-La  France  50-kw.  Mobile  Searchlight  Power  Unit.  Engineer  Corps  U.  S.  Army 
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U.  S.  Army  Idr  "_'.")  radio  iiiiils  hi  \>v  luiill  in  a 
similar  manner  to  those  already  ileserihed,  hut 
suitable  for  wireless  lelef^Tapliy  or  tele])lioiiy . 
White  Army  Irueks  of  two  tons  eapaeity  will 
he  used  in  produein^j  these  units. 


Mud  Hole  Oi 
Engin 


Mobile  Searchlight  Power  Unit  i 
e  Mile  North  of  Gretna.  Va. 
er  Corps  U.  S.  Army 


It  is  evident  that  the  novel  method  of 
mounting  a  generator  on  a  gasolene  car, 
which  was  first  used  on  the  GE-Cadillac 
chassis,  has  opened  uj)  an  interesting  field  of 
endeavor.  Undoubtedly  for  w-ar  purposes  it 
is  of  vital  importance,  as  it  is  the  only  one 
which  insures  an  efficient,  quiet,  direct  drive, 
and  which  is  free  from  intermediate  gearing 
of  anv  kind. 


Aiiolher  a<lvanla^;e  is  that  the  ^jeiieralor 
can  he  wholly  (iiseonnccleri  from  the  car  wlu-n 
moving  from  i)laie  to  place,  although  the 
dutch  is  so  made  that  the  unit  can  simultane- 
ously perform  both  functions  under  special 
conditions. 

For  peace  purjioses  there  is  a  demand  for 
electric  units  for  farm  lighting,  as  is  best 
intlicated  by  the  sales  of  the  small  power  sets, 
of  one  to  five  kilowatt  capacity,  which  ap- 
jjeared  f)n  the  market  a  few  years  ago.  Fur- 
thermore, the  combination  of  a  motor  car  and 
a  generator  of  useful  size  and  capacity  at  once 
alTords  a  valuable  unit  for  municijjal  and 
industrial  ])urposes.  It  can  he  used  by  fire 
dejjartments  for  operating  searchlights,  for 
pipe  thawing,  for  illumination  in  case  of  ac- 
cidents, and  by  farmers  for  the  isolated  supph- 
of  electricity,  for  operating  motor-driven  ap- 
l)aratus  such  as  pumps,  electric  hoists,  and 
farm  appliances.  In  industrial  fields  there  is 
electric  welding,  emergency  work,  and  many 
uses  of  a  similar  nature.  Another  suggested 
use  is  for  circus  and  pleasure  resort  lighting 
where  a  portable  power  plant  would  be  of 
great  assistance. 

It  has  now  been  demonstrated  that  by  the 
method  herein  described  small  generators  can 
be  directly  applied  to  standard  automobile 
chassis  with  slight  changes,  thus  utiHzing  the 
engine  and  complete  prime  mover,  the  only 
addition  being  the  generator.  Undoubtedly, 
this  idea  can  be  carried  out  commercially,  and 
the  automobile  will  thus  become  available  for 
a  new  purpose. 


Fig.  11.     General  Electric-Dodge  6kw    Mobile  Searchlight 
Pcwer  Unit,  Engineer  Corps  U.  S.  Army 
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Searchlight  Developments  of  the  U.  S.  Army 

By  Chester  Lichtenberg  / 

Captain  of  Engineers,  United  States  Army 

Captain  Lichtenberg  in  outlining  the  development  of  the  searchlight  shows  how  the  weight  and  number 
of  parts  have  been  reduced,  the  power  and  efficiency  increased  and  the  mobility  vastly  improved.  He  cites 
specific  improvements  in  the  power  units,  the  mirrors  and  carbons,  and  concludes  his  article  by  showing  that 
293  searchlight  problems  were  investigated  during  the  period  of  1918-1919. — Editor. 


Chester  Lichtenberg 


Foreword 

THE  practice  of 
successful  com- 
mercial organiza- 
tions shows  that 
com  petition  is  stimu- 
lated, cost  reduced 
and  a  better  product 
obtained  where  a 
selected  force  is  as- 
signed to  the  devel- 
opment and  testing 
of  the  materiel. 
These  facts  were 
appreciated  early  in 
the  war  period  just 
closing,  and  were  demonstrated  with  remark- 
able clarity  in  the  wonderful  improvements 
made  in  searchlight  equipment  by  the  Corps 
of  Engineers,  U.  S.  Army. 

1914 

The  start  of  the  great  war  of  1914-1918 
found  practically  all  searchlights  in  the  United 
States  Army  installed  in  coast  defense  posi- 
tions. A  few  searchlights  on  horse-drawn 
vehicles  were  ordered  in  1907  for  coast  de- 
fense commands,  and  some  experimental  work 
was  done  between  1909  and  1914  on  portable 
towers  with  24-in.  searchlights.  These  were 
drawn  by  horses  or  gasolene  tractors  and 
supplied  with  electric  current  by  portable 
gasolene  electric  power  units  similarly  drawn. 

1914-1917 

In  June,  1916,  a  new  start  was  made  toward 
obtaining  improved  searchlights  for  seacoast 
defenses  and  suitable  searchhghts  and  power 
units  for  field  armies.  The  efforts  were  di- 
rected toward  purchasing  modified  or  im- 
proved equipment,  suggested  by  observations 
made  in  Germany  and  in  Mexico.  No  funds, 
however,  were  available  for  experimental  work 
and  the  equipment  ordered  was  developed 
by  the  manufacturers  without  material  aid 
from  the  United  States. 

1917-1918 

The  desirability  of  modifying  searchlight 
designs  to  make  them  specially  adaptable  for 
the  warfare  conditions  encountered  in  France 


was  indicated  by  the  Expeditionary  Forces. 
Reports  showed  the  important  part  taken  by 
searchlights  in  combating  hostile  airplanes 
and  the  need  for  large  numbers  of  more  pow- 
erful types. 

Active  steps  were  taken  to  obtain  scientific 
aid  in  this  matter,  when  on  November  19, 
1917,  General  William  M.  Black,  Chief  of 
Engineers,  U.  S.  Army,  requested  the 
National  Research  Council  to  undertake  the 
development  of  a  searchlight  beam  of  suitable 
color  and  maximum  intensity  for  field  army 
service.  This  work  was  extended  in  December, 
1917,  by  Colonel  R.  S.  A.  Dougherty,  of  the 
General  Engineer  Depot,  U.  S.  Army,  who 
assigned  an  Engineer  Reserve  Officer  to 
inquire  into  all  existing  searchlight  investi- 
gations and  to  start  such  new  investigations 
as  seemed  desirable. 

Searchlights 

Intensive  searchlight  investigation  work 
was  started  December  5,  1917.  The  assistance 
of  eminent  scientists,  large  manufacturing 
companies,  noted  engineers  and  experienced 
army  officers  was  obtained.  As  a  result, 
twenty  different  kinds  of  searchlights  have 
been  wholly  or  partially  developed  and  new 
and  previously  undreamed  of  types  con- 
templated. All  of  the  designs  tend  towards 
weight  reduction,  simplicity,  ease  of  opera- 
tion, and  diminution  in  cost.  They  are  so 
arranged  that  a  large  production  may  be  ex- 
pected in  a  relatively  short  time  with  ordi- 
nary shop  facilities. 

One  example  of  these  points  is  a  60-in. 
searchlight  which  weighs  only  one  tenth  as 
much  as  the  60-in.  searchlights  heretofore 
considered  standard.  It  costs  only  one  third 
as  much  as  the  standard,  is  about  10  to  15 
per  cent  more  powerful  and  consists  only  of 
about  100  parts,  as  against  several  thousand 
parts  for  the  old  design.  It  is  very  much  more 
rugged  and  is  so  arranged  that  it  can  be 
produced  in  less  than  one  fourth  the  time 
required  for  producing  the  old  model.  Its 
fabrication  requires  only  ordinary  machine 
shop  equipment,  no  special  tools  being 
necessarv. 
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1917  Model,  60-mch  Size.  Mobile  Searchlight  Equipment 


uhlight  Equipment 
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Another  example  is  a  30-in.  searchlight 
weighing  only  200  lb.,  yet  more  powerful 
than  the  4000-lb.  36-in.  seacoast  searchlights 
heretofore  considered  the  best  obtainable. 
The  200-lb.  searchlight  has  a  great  field, 
particularly  for  foreground  illumination.  It  is 
so  designed  that  it  can  be  readily  taken  apart 
and  transported  by  men  to  points  usually 
considered  inaccessible  for  searchlights.  The 
searchlight  and  its  power  unit  require  a  crew 
of  only  three  men  for  its  operation .  The  cost 
is  about  one  fifth  that  of  the  1915  equivalent. 

Power  Units 

A  great  deal  of  attention  has  been  paid  to 
the  development  of  suitable  mobile  searchlight 
power  units.  Four  designs  have  been  pre- 
pared. These  range  in  capacity  from  6  to  50 
kw.  and  from  three  fourths  of  a  ton  to  10  tons. 


it  has  provided  a  mobile  searchhght  equip- 
ment which  weighs  and  costs  about  one  half 
as  much  as  the  fixed  seacoast  equipment,  is 
equally  efficient,  yet  extremely  mobile. 

Power  units  now  being  developed  include  a 
50-kw.,  500-ampere,  three  and  one  half  ton 
mobile  unit,  weighing  complete  with  search- 
light and  men  about  18,000  lb.,  and  a  50-kw., 
500-ampere,  7-ton  unit  with  a  (jO-ft.  extensible 
tower,  weighing,  complete  with  all  equipment, 
about  25,000  lb.  and  fitted  to  go  over  any  kind 
of  ground  at  speeds  up  to  15  miles  per  hour. 

Mirrors 

In  1917  there  was  only  one  concern  in  the 
United  States  making  large  glass  searchlight 
mirrors.  This  organization  had  an  output  of 
three  60-in.  glass  mirrors  per  week.  Each 
mirror    cost    about    $1000.         Immediatelv 


1919  Model,  60-inch  Size,  Mobile  Searchlight  Equipment 


The  three  fourths  ton,  6-kw.  equipment 
consists  essentially  of  a  standard  Dodge 
chassis,  with  a  6-kw.  generator  mounted  on 
the  propeller  shaft,  a  30-in.  open  type  search- 
light mounted  in  a  suitable  body  on  the 
chassis,  and  a  crew  of  three  men  on  the  front 
seat.  Present  designs  indicate  that  the  com- 
plete equipment  will  weigh  about  4000  lb. 

Another  development  used  in  connection 
with  the  2nd  Field  Army  in  France  was  the 
one  and  one  half  ton,  20-kw.  Cadillac  outfit. 
This  uses  a  standard  Cadillac  ambulance 
chassis  with  a  20-kw.  generator  mounted  on 
the  propeller  shaft,  a  60-in.  open  type  search- 
light mounted  in  a  suitable  body  on  the 
chassis  and  a  crew  of  five  men.  The  total 
weight  is  9000  lb.  The  cost,  including  the 
searchlight  and  repair  parts,  is  about  $8500. 
This  development  is  indeed  remarkable,  since 


following  the  declaration  of  war,  negotiations 
were  opened  with  three  other  maniifacturers 
who  had  facilities  which  might  be  developed 
for  glass  mirror  manufacturing.  As  a  result 
of  the  encouragement  given  these  manu- 
facturers, the  production  of  60-in.  glass 
mirrors  was  raised  to  15  per  week  in  1918  and 
the  price  reduced  to  about  $900  per  mirror, 
even  with  war-time  conditions  concerning 
labor  and  material  prevailing.  This  is 
equivalent  to  about  $700  per  mirror  under 
peace-time  conditions,  thus  resulting  in  a 
saving  of  over  30  per  cent  in  the  cost  and  an 
increase  in  production  of  over  400  per  cent 
without  any  impairment  in  qualit^^ 

Metal  mirrors  were  subjected  to  extensive 
investigation  during  the  war  period.  A 
preliminary  survey  indicated  that  a  successful 
metal  mirror  might  be  produced  which  would 
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wci^jli  iilioul  tlu'  same  as  llic  standard  k'-''^'^ 
niirrdr,  Inil  wliicli  would  lii'  \ct\'  imicli  li'ss 
lia^ili'  iind  cost  very  imicli  U-ss  than  llu' 
standard  f^lass  mirror.  Ivxtcnsivf  rcsfarchi'S, 
wliich  an^  still  pro^jrcssinj^,  indicalf  that 
successful  (iO-in.  soarcliliKlit  melal  mirrors 
can  he  ])roduced.  These  will  cost  ahout  $40(1 
aincce,  will  have  a  reflecti\-ily  equal  to  that  of 
j^lass  mirrors,  he  i)racticall\-  indestructible 
and  can  be  fabricated  in  less  than  one  lifth  of 
the  time  recjuired  to  produce  standard  (iO-in. 
i;!ass  mirrors. 

Carbons 

Great  strides  have  been  made  in  the 
development  of  suitable  searchlight  carbons. 
The  size  for  the  2()0-amixTe  medium  intensity 
lamp  has  been  reduced  from  two  inches  in 
diameter  to  one  and  one  eij;hth  inches  in 
diameter,  the  cost  halved  and  the  amount  of 
lij^ht  given  forth  tripled.  Developments  now 
in  progress  promise  carbons  costing  less  than 
those  preWously  considered  standard  and 
capable  of  giving  more  light  than  the  best 
heretofore  produced. 

Control  Systems 

Distant  electrical  training  controls  for 
searchlights  proved  to  be  a  fruitful  field  for 
experimental  work  prior  to  1917.  The 
systems  produced,  however,  were  complicated 
and  not  at  all  suitable  for  field  ser\-ice  condi- 
tions, nor  were  they  entirely  satisfactory  for 
seacoast  defense  requirements.  Investigations 
now  in  progress  indicate  that  an  accurate  and 
relatively  simple  system  of  distant  electrical 
control  which  can  be  readily  applied  to  field  and 
seacoast  searchlights  will  soon  be  produced. 

Finders 

Preliminary  studies  made  in  1918  indicated 
that  the  effective  range  of  practically  all 
searchlights  could  be  extended  without  any 
modifications  of  the  lights  themselves,  if  they 
were  provided  with  suitable  optical  devices. 
Further  research  showed  that  the  ordinary 
telescope  or  night  glass  is  not  suited  for 
searchlight  target  finding.  The  aid  of  a  num- 
ber of  eminent  scientists  was  enlisted,  and  as 
a  result  of  their  suggestions,  there  are  now  in 
development  several  kinds  of  searchlight 
target  finders  which  give  promise  of  wonderful 
results.  Their  cost  will  be  relatively  low,  but 
their  application  will  at  least  double  the  range 
of  any  searchlight. 

Organization 

The  study  of  these  problems,  the  means 
devised    for    solving    them,    and    the    tests 


rcquirecl  in  connection  with  them  led  to  the 
building  of  an  ellicient  organization  fr)r 
Si'archlight  Investigations.  It  consisted  of 
oHicers  and  enlisted  men  of  the  emergency 
army  with  a  few  civilian  clerks  and  watchmen. 
They  had  a  headquarters  near  the  office  of  the 
Chief  of  Ivngineers,  U.  S.  Army,  and  splendid 
searchlight  testing  stations  at  Tenlcylrtwn. 
D.  C,  Schenectady,  N.  Y.,  Brooklyn,  X.  Y., 
and  West  Lynn,  ^Iass.  They  established  and 
maintained  very  cordial  relations  with  over 
one  hundred  scientific,  engineering,  manu- 
facturing and  commercial  organizations,  and 
through  the  devclojjment  contracts,  which 
they  initiated  and  jjlaced  f)n  a  firm  foundation. 
the\-  enlisted  the  active  supjjort  and  assistance 
of  a  large  number  of  private  development  and 
investigation  groups. 

The  large  manufacturers  especially  aided  in 
searchlight  development.  Through  the 
patriotism  of  Mr.  Francis  C.  Pratt.  Vice- 
President  of  the  General  Electric  Company, 
and  the  foresight  of  Mr.  Elmer  Sperry, 
President  of  the  Sperry  Gyroscope  Company, 
large,  well  organized  and  exceptionally  good 
designing,  manufacturing  and  testing  facilities 
were  made  immediately  a\-ailable  for  search- 
light work  and  contributed  in  a  large  measure 
to  the  success  attained. 

Summary 

The  period  from  January  1, 1918,  to  June  I, 
1919.  has  seen  an  undreamed  advance  in  the 
art  of  searchlights.  Many  new  types  have 
been  developed,  new  uses  found,  and  a 
wonderful  future  indicated.  The  organization 
charged  with  searchlight  investigations  during 
this  period  covered  the  field  as  indicated  in 
the  summary  which  follows; 

SUMMARY  OF  SEARCHLIGHT 
INVESTIGATIONS   1918-1919 


N'o. 

Subjects 

Number  of 
;    Problems 

1 

Arcs 

17 

2 

Control  Systems 

20 

3 

Convovs 

10 

4 

Electrodes .  . 

13 

o 

Finders ,.  , 

o 

t3 

Mirrors 

24 

7 

Photographs 

14 

8 

Photometrv 

56 

9 

Power  Units 

6 

10 

Searchlights 

19 

11 

Tests 

97 

12 

3 

13 

Stations 

Total 

9 

293 
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The  Lynn  60-inch  Open  Type  Army  Searchlight 

Development 

By  Cromwell  A.  B.  Halvorson,  Jr. 
Designing  Engineer,  Street  Lighting  Department,  General  Electric  Company 

The  most  impressive  features  in  the  development  of  the  60-inch  open-type  searchlight  are  the  radical  de- 
parture from  conventional  design,  the  rapidity  of  carrying  out  the  experimental  work,  the  speed  with  which  the 
difficulties  were  overcome  and  the  first  unit  completed.  The  object  sought  was  to  produce  a  powerful  light- 
weight searchhght  that  would  be  so  mobile  and  yet  so  rugged  that  it  could  withstand  the  severe  conditions  of 
battle  service  at  the  firing  line.     How  this  was  accomplished,  the  author  tells  in  the  following  article. —  Editor. 


D' 


Cromwell  A.  B.  Hal 


kURING  th-e 
spring  of  1918 
the  engineers  of  the 
General  Electric  Com- 
pany were  requested 
to  confer  with  the 
Engineer  Corps,  U.  S. 
Army,  at  Washington 
with  regard  to  certain 
searchhght  require- 
ments occasioned  by 
modern  warfare  as 
initiated  by  the  Hun. 
The  practice  of  bomb- 
ing at  night  from 
aerial  machines  of  war,  causing  great  loss 
of  life  as  well  as  tending  to  a  shaken  morale, 
had  to  be  checked;  and  so  far  as  our  ob- 
servers with  the  American  Expeditionary 
Forces  could  predict,  large  numbers  of  search- 
lights to  create  glare  screens  or  to  use  in 
conjunction  with  pursuit  planes  would  be 
eventually  the  most  satisfactory  method  of 
combat.  However,  the  searchHghts  available 
and  those  in  use  by  the  Allies  at  the  time  of 
our  entry  into  the  war  were  not  particularly 
well  adapted  to  the  requirements  of  the  new 
art  of  aircraft  spotting.  They  were  heavy  and 
cumbersome,  each  requiring  a  large  force  of 
men  to  move  and  operate  and  a  correspond- 
ing heavy  auto  truck  unit  for  transportation 
and  power  purposes.  The  automatic  lamp 
mechanisms  in  general  use  were  far  too 
delicate  for  field  conditions  and  skill  of  a 
high  order  was  required  to  maintain  them 
in  good  operating  condition.  They  were 
limited  in  beam  intensity  due,  in  part, 
to  the  relatively  small  mirrors  used  and 
available  (4S-in.)  and  also  to  the  low  current 
densities  in  the  carbons.  Very  few  60-in. 
searchlights  were  in  use,  partly  because  each 
weighed  nearly  6600  lb.  Such  searchlights 
were  primarily  designed  for  purposes  of  coast 
defence,  and  consequently  being  immobile 
were  unsuited  to  field  conditions.  As  their 
cost  was  great  and  labor  and  materials  were 


scarce,  their  immediate  production  was 
limited.  The  light  beams  were  more  or  less 
unsteady  in  the  case  of  the  medium-intensity 
lamps,  that  is,  mechanisms  using  plain  carbons, 
due  to  the  relatively  large  diameter  of  the  car- 
bons used  as  well  as  to  their  inferior  quality ; 
and,  everything  considered,  there  was  much 
need  for  improvement  in  searchlights  for  anti- 
aircraft purposes. 

At  a  general  conference  in  Washington, 
May  1,  1918,  the  army  engineers  outlined  the 
possibilities  of  searchlight  developments  along 
radical  lines  to  meet  the  new  conditions. 
They  suggested,  among  other  things,  that  the 
arc  might  be  maintained  in  the  open  without 
a  surrounding  barrel  of  the  conventional 
design,  that  the  front  glass  might  be  discarded, 
that  the  lamp  mechanism  might  be  greatly 
simplified  (in  fact,  a  rugged  hand-feed  device 
was  preferred  as  it  was  always  necessary  to 
have  an  attendant  stand  by  an  automatic 
mechanism  while  in  operation)  and,  last  but 
not  least,  that  a  strong  metal  mirror  having 
correct  optical  properties  might  be  used  in- 
stead of  a  glass  one.  In  short,  what  was 
wanted  was  something  radically  new  and  bet- 
ter in  every  respect  and  it  was  wanted  without 
delay  as  many  lives  could  be  saved  if  an 
adequate  searchlight  defence  could  be  im- 
mediately assembled  at  the  front.  Finally, 
after  a  thorough  discussion  of  modern  search- 
light requirements  for  army  purposes,  the  fol- 
lowing quite  general  specifications  were 
evolved : 

First — That  the  new  unit  was  to  mount  at 
least  a  60-in.  mirror  and  was  to  weigh  not 
more  than  1000  lb.  complete. 

Second — That  it  was  to  have  a  hand-feed 
mechanism  that  would  endure  at  least  sixteen 
hours  of  intermittent  operation.  The  life  of  a 
single  trim  of  carbons  need  not  be  more  than 
one  hour,  since  bombing  attacks  were  com- 
monly of  short  duration. 

Third — That  higher  beam  intensities  were 
to  be  obtained  if  possible;  but  due  to  the 
limitations    of    portable    power    plants,    200 
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amperes  ;it  aboul  1  1")  voUs  was  (.'oiisidcri'd  tlu' 
niaxiinuiii  a\ailahli'  curri-nt  from  otic  power 
unit.  It  was  siif^^^eslcd  also  tlial  a  beam  liav- 
m\^  a  (lix'orjjcnc'f  of  ihrco  to  i'wv  (k'^;ri'os  would 
be  desirable  as  the  greater  width  of  beam 
would  be  more  useful  in  aircraft  searching, 
provided  that  at  the  same  lime  intensities  at 
least  equal  to  those  in  use  could  be  maintained. 

Fourth — That  it  was  considered  necessary 
to  devolo])  a  ])rocess  for  manufacturing  metal 
mirrors  in  quantities  for  use  with  the  new  tyi)e 
of  searchlight  as  the  existing  (iO-in.  glass  mir- 
rors were  necessarily  fragile  and  very  expen- 
sive and  their  jiroduction  was  limited,  for  the 
skilled  labor  available  for  their  manufacture 
was  inadequate  to  meet  the  demands  of  both 
the  Anny  and  Navy  and  the  latter  obviously 
had  to  be  supplied. 

The  general  specifications  as  framed  by  the 
army  engineers  while  indicating  problems  did 
not  at  the  outset,  when  considered  in  their 
broader  aspects,  appear  so  formidable  or  im- 
possible of  fulfilment.  The  detail  require- 
ments, however,  presented  many  extremely 
difficult  problems.  Operating  an  arc  practi- 
cally in  the  open  and  at  the  mercy  of  the  ele- 
ments did  not  appear  to  be  impracticable,  as 
in  all  probability  methods  of  sheltering  it 
from  the  most  severe  conditions  could  be 
developed.  It  appeared,  therefore,  that  one 
of  the  first  things  to  be  done  was  to  determine 
which  type  of  arc  seemed  to  ofTer  the  greatest 
promise.  After  hasty  experiments  along  these 
lines,  reinforced  by  some  theory,  it  was  de- 
cided that  the  medium-intensity  arc  using 
plain  carbons,  in  which  the  light  is  emitted 
largely  by  the  crater  of  the  positive  carbon, 
offered  the  best  chance  of  immediate  success. 
The  wind  certainly  could  not  greatly  disturb 
the  crater,  if  the  arc  stream  were  reasonably 
well  controlled  or  maintained  within  certain 
bounds,  either  magnetically  or  by  other 
means.  Just  the  opposite  condition  exists, 
howe\-er,  in  arcs  of  the  vapor  or  flame 
types,  as  the  Beck,  for  instance,  in  which  the 
luminosity  is  largely  affected  by  the  char- 
acteristics and  control  of  the  arc  which  is 
easily  affected  by  air  currents  and  therefore 
increases  many  fold  the  problem  of  adapting 
this  arc  for  burning  in  the  open.  Accordingly 
the  greatest  efforts  at  the  start  were  directed 
to  the  development  of  means  to  control  and 
to  improve  the  medium-intensity  arc,  partly 
by  increasing  the  current  densities  in  the  car- 
l)ons  and  partly  by  centering  the  arc  and  stabi- 
lizing it  by  magnetic  and  mechanical  means. 

The  lamp  mechanism  had  to  be  simple,  ac- 
cording to  the  specifications  of  the  army,  and 


\-et  the  ri-(|uiromeiits  of  the  arc  had  to  be  met 
by  a  mechanism  which  would  permit  of  the 
utmost  accuracy  of  adjustment  of  the  crater 
and  arc  relative  to  the  mirror.  It  must  he 
capable  of  being  (juickly  interchanged  or 
retrimmed  if  ncces.sary,  and  its  operation 
must  be  such  that  it  could  be  quickly  assim- 
ilated by  the  enlisted  man.  It  must  also  he  of 
a  construction  rugged  enough  to  withstand 
rough  usage.  Moreover,  one  of  the  most 
rigid  detail  requirements  was  that  the  arc  he 
enclosed  or  occulted  for  indefinite  periods 
while  locating  the  "bird"  by  sound,  with  the 
consequence  that  the  mechanical  parts  in  the 
arc  chamber  had  to  be  made  to  endure  extreme 
temperatures.  In  fact,  in  order  not  to  ob- 
struct the  output  of  light  rays  from  the  mirror 
to  any  appreciable  extent  when  non-occulted, 
a  ventilated  device  capable  of  bottling  up 
1.3  to  15  kw.  of  energy  in  an  absolutely  light- 
tight  compartment  was  necessary  and  practi- 
cal considerations  appeared  to  limit  it  to  a 
construction  of  light  weight  telescojjic  cylin- 
ders approximately  12  inches  in  diameter  and 
forming  a  chamber  30  inches  overall. 

In  order  to  feed  the  carbons  properly,  to 
align  the  arc  and  control  it  with  relation  to  the 
focus  of  the  mirror,  it  would  be  necessary  to 
provide  an  arc  finder  screen  in  such  a  position 
that  an  image  of  the  arc  could  he  observed 
constantly  by  the  operator,  and  this  promised 
to  be  one  of  the  most  troublesome  features  of 
the  open-type  searchlight  design. 

Furthermore,  compared  to  former  search- 
lights, the  de\ace  to  be  built  was  to  be  no  less 
accurate  or  less  easily  manipulated  in  regard 
to  such  essential  features  as  training  of  the 
beam,  exact  coordination  of  the  beam  with 
azimuth  and  altitude  scales,  and  accurate 
mounting  of  the  mirror,  either  glass  or  metal. 

In  pondering  over  these  requirements  and 
problems,  it  appeared  that  the  older  and  more 
conventional  type  of  searchlight  had  been 
built  to  prevent  these  very  problems  from  ever 
arising.  The  large  glass  covered  barrel 
furnished  an  ample  compartment  for  the  easy 
dissipation  of  heat.  Ob\-iously  problems  of 
\^"indage  did  not  exist,  occulting  the  beam  was 
easUy  taken  care  of  by  the  iris  shutter,  an 
automatic  mechanism  maintained  the  arc  at 
the  focus  of  the  mirror,  and  the  arc  could  be 
conveniently  %'iewed  through  an  eye-piece  in 
the  barrel.  The  price  of  doing  these  things 
easily  was  excessive  weight,  high  cost,  and 
limited  production. 

Ha\-ing  these  various  matters  in  mind  it 
seemed  that  the  logical  thing  to  do  was  to  fol- 
low the  methods  of  rifle  or  gun  designers  to  a 
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certain  extent.  They  had  started  with  a 
"muzzle  loader"  and  had  come  to  the  breech- 
loading  type.  Why  not  follow  this  method  of 
operation  in  a  searchlight  ?  Why  not  make  the 
mechanism  in  the  form  of  a  cartridge  with  all 
the  controls  at  the  rear  away  from  the  heat  of 


Fig.  1.     Original  Cartridge  Type  Lamp  Mecha 


Fig.  2,      Lynn  No.  1  Design 

the  arc,  provide  an  opening  in  the  mirror  for 
the  insertion  of  the  cartridge,  and  devise  a 
breech  holder  in  the  hub  of  the  mirror  sup- 
porting frame  to  receive  the  lamp  and  to  carry 
the  guides  and  occulter  mechanism  ?  All  prob- 
lems of  perfect  carbon  alignment  with  the 
mirror  axis,  arc  control,  arc  feeds,  rapid  inter- 
change of  mechanisms,  and  ease  of  trimming 
promised  to  be  solved  by  this  scheme,  includ- 
ing that  ever  present  and  most  important 
problem  of  speedy  manufacture  and  quantity 
production.     Accordingly  a  design  was  made 


and  in  a  short  time  the  experimental  mechan- 
ism shown  in  Fig.  1  was  in  operation.     This 
mechanism  and  a  proposed  design  of  mounting 
and  carriage  was  exhibited  to  the  army  en- 
gineers at  Lynn,  on  May  31,  1918,  and  ap- 
proval was  obtained  with  only  slight  modifica- 
tions.    The  work  of  commercializ- 
ing   this    design    was    vigorously 
prosecuted  with  the  result  that  on 
y  June  10th,  exactly  one  month  hav- 

y  ing   elapsed    since    the   work    was 

<  started,    the    anti-aircraft    search- 

light, as  shown  in  Fig.  2,  was  suc- 
cessfully tested  at  Lynn.     A  week 
of    tuning    up    followed    and    this 
searchlight,  Fig.  3,  complete  with 
a  36-in.  metal  mirror,  temporarily 
mounted,   was  formally  presented 
to  the  Engineer  Depot,  represented 
by  Captain  Lewis  and  Lieut.  Lich- 
tenberg,  officers  in  charge  of  Search- 
light   Investigations,    at    Schenec- 
tady on  the  evening  of  June  17th. 
The  test  was  successful,  the  search- 
Hght  met  the  specifications  in  every 
particular  and  gave  a  pure  white, 
steady  and  full  beam  of  light  hav- 
ing three  to  five  degrees  divergence. 
Although  no  beam  intensity  meas- 
urements were  made  on  this  par- 
ticular   combination,    visual    tests 
were   made   comparing   it    to    the 
standard   69-in.   medium-intensity 
searchlight  operated  at   both   175 
and  200  amperes  and  it  was  obvi- 
ous to  all  that  in  spite  of  the  fact 
that  the  new  lamp  was  equipped  with 
only  a  36-in.  mirror,  and  therefore 
produced  a  beam  of  nearly  twice 
the    divergence,   much    higher   in- 
tensities were  attained.     An  excel- 
lent   showing    was    also    made    as 
compared  with  the  60-in.  high-in- 
tensity  Beck  searchlight  operated 
at   150  amperes,  which  heretofore 
was  considered  far  outside  of  the 
medium-intensity  searchlight  class.    However, 
it  was  seen  that  while  the  extremely  concen- 
trated beam  of  the  Beck  lamp    (about  one 
half    a    degree)    resulted   in   a   much    higher 
intensity,  and  therefore   greater  pickup  dis- 
tance, there  was  some  question  as  to  its  re- 
vealing power  being  correspondingly  greater; 
and  when  the  areas  illuminated  were  compared, 
indicating  a  ratio  of  1  to  36,  it  was  plain  to  see 
that  the  new  mediumi-intensity  lamp  was  pro- 
ducing a  remarkably  large  flux  of  light  which  if 
utilized  with  a  60-in.  mirror  would  rapidl}^  cut 
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(low  11  1  lir  dilTci'iiu'i'  in  iiKixiiiiuiii  licaiii  inli-iisi- 
lii's  and  it  was  fonsidrrt'd  tlial  tin.'  piuv  wliilc 
lij^lit  would  place  the  nu'diuin-intcnsily  lamj) 
on  at  least  an  eiiual  footinj,'  with  the  more  in- 
tense Bei'k  lani])  so  far  as  revealing  power  was 
concerned.  There  was  a  possibility,  too,  that 
continued  research  on  carbons 
would  further  imiirove  the  new 
lamp  as  up  to  that  time  little  had 
been  done  cxcejit  to  test  various 
sizes  for  operation,  and  j:;ood  results 
had  been  obtained  with  positives 
as  small  as  one  inch  and  ne<:;atives 
of  '  2-i''"^h  in  diameter.  Exhaustive 
jihotometer  tests  made  later  justi- 
fied these  conclusions  as  e\'entuall\- 
the  1,18-inch  positive  and  '^s^-incii 
negative  carbons  were  standard- 
ized. This  combination  operatinir 
at  200  amiieres  and  with  a  (iO-inch 
mirror  gava  150,000,000  ajiparent 
beam  candle-power  as  against 
45,000,000  for  the  old  medium-in- 
tensity, using  a  2-inch  positive  at 
ITo  amperes. 

As  a  result  of  the  good  showang 
made  with  the  Lynn  No.  1  design,  ^'^-  ^■ 

the  Company  was  authorized  by 
the  army  engineers  to  produce 
another  model  incorporating  any 
improvements  it  might  be  able  to 
suggest  and  to  continue  the  devel- 
opment of  the  60-inch  metal  mir- 
ror. Accordingly  an  improved  de- 
sign was  laid  out,  and  on  June 
2Sth,  but  eleven  days  having 
elapsed,  the  Lynn  No.  2  design. 
Fig.  4,  complete  with  60-inch  metal 
mirror  was  presented  to  the  army 
engineers  for  their  approval  at 
Schenectady. 

The  original  of  design  No.  2  was 
later  shipped  to  Washington  and 
exhaustively  tested  with  the  result 
that  the  Lynn  design,  at  least  in  its 
essential  features,  was  adopted  by 
the  army  as  the  standard  field 
searchHght.  r 

The  actual  device  standardized  | 

on  army  drawings  and  manufac- 
tured   in    quantities   is    shown    in 
Fig.  5.    It  will  be  observed  that  the 
principal  variation  from  the  Lynn  design  is 
in  the  carriage,  turntable  details,  and  mirror 
support.    These  changes  in  design  were  made 
by  the  production  engineers  of  the  army  who 
felt    that    standardization    of    these    details 
could    be   effected   to   good   advantage   with 


similar  details  of  a  sound-ranginj;  ap(>aratus 
which  was  being  developed  by  the  depot 
for  use  ill  conjunction  with  the  search- 
light. The  functi(jn  of  the  .sounfl-ranging 
device  was  to  locate  the  hostile  plane  by 
sound,   after  which   the   searchlight   was   to 


Lynn  No.  1  Design  with  36-in.    Metal  Mirrcr  Temporarily  Mounted 


i^ 


Fig.  4.      Lynn  No.  2  Design 

be  trained  on  the  spot  indicated,  the  oc- 
culter  suddenly  opened,  and  the  "bird" 
revealed  in  the  beam  for  target  prac- 
tice by  anti-aircraft  batteries  or  pursuit 
by^  swifter  planes  equipped  w-ith  machine 
guns. 
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From  the  outset  it  was  seen  that  the  search- 
light problems  could  be  classified  under  the 
following  general  heads: 
1.     Metal  Mirrors 

a — Electro-Deposition     . 

b — Backs 

c — Lacquering 


Fig.  5.     Standardized  Design  200-ampere  Medium  Intensity  Lamp 

Lamp  Mechanisms  and  Arcs 
a — Medium  Intensity 
b — High-Intensity  Beck  Adaptation 
c — Carbons 


Mechanical  Design 
Production ;  experimental 


inch  metal  mirror  some  twenty  years  previous 
by  electro-chemical  deposition  and  this  indi- 
cated a  possible  line  of  development.  Several 
references  have  since  been  found  in  the  Patent 
Office  to  mirrors  made  in  this  way,  and 
Sherard  Cowper-Cowles  of  England  evidently 
covered  an  enormous  field  of  experimentation. 
However,  it  is  suificient  to  say  that, 
independently  of  what  other  inves- 
tigators may  have  accomplished, 
the  Lynn  Searchlight  Department, 
with  the  advantage  of  Professor 
Thomson's  advice,  produced  a  60- 
inch  mirror  having  fair  optical 
properties  within  five  weeks  after 
starting  the  initial  study  of  the 
problem ;  and  60-inch  metal  mirrors 
were  being  regularly  prodticed  at 
the  time  of  the  signing  of  the  armis- 
tice, while  resources  were  practi- 
cally developed  capable  of  produc- 
ing such  mirrors  at  the  rate  of  one 
hundred  a  week. 

In  addition  to  the  problems  of 
deposition  and  removal  from  the 
master  form,  the  backing  up  of  the 
deposited  paraboloid  so  that  it 
would  hold  its  shape  proved  to  be 
no  mean  problem.  After  making 
exhaustive  tests  on  all  promising 
cements  something  suitable  for  the 
purpose  was  found.  However,  this 
particular  problem  is  still  engaging  some  atten- 
tion, and  the  most  useful  metal  mirrors  so  far 
developed  are  those  employing  a  reinforcing 
ribbed  metal  back  imbedded  in  the  cement. 
Such  mirrors  have  been  found  to  be  strong 
enough  to  withstand  the  greatest  abuse  and 


The  working  force  was  accordingly  divided 
in  such  a  way  that  these  problems  were  at- 
tacked by  engineers  peculiarly  fitted  to  cope 
with  matters  coming  up  under  these  headings. 

From  the  start,  it  was  obvious  that  the 
metal  mirror  was  to  be  the  major  problem  of 
the  Lynn  organization.  Metal  mirrors  were 
not  unknown,  the  French  having  used,  in  the 
present  war,  cast  bronze  mirrors  with  ground 
and  polished  surfaces  plated  with  gold.  How- 
ever, such  mirrors  had  no  particular  ad- 
vantage over  glass  mirrors  other  than  that  of 
mechanical  strength,  as  the  process  of  manu- 
facturing is  equally  laborious  and  production 
thus  limited.  The  design  of  a  metal  searchlight 
mirror  having  suitable  optical  properties  and 
capable  of  being  manufactured  in  quantity 
had,  so  far  as  we  knew,  never  been  developed, 
although   Professor   Thomson   made   a   four- 


Fig.  6.     60-in.  Searchlight,  Lightest  Weight,  303  lb.. 
Design  No.  7 
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a  searchlij^lU  was  conslrucli.Hi,  I'ijj.  (>,  iisinj^ 
such  a  mirror  as  the  nucleus  of  dcsi>;ii,  in 
which  the  weijjht  of  a  complete  (iU-inch 
searchlij^ht  unit  is  but  ;iUO  lb.  In  the  case 
of  this  design  the  weij^ht  has  been  so  re- 
duced that  even  wheels  are  unnecessary. 
The  details  of  metal  mirror  coiislruclion  are 
covered  in  an  article  by  Mr.  llussey  else- 
where in  this  issue. 

As  stated  at  the  outset  of  this  article, 
there  were  several  types  of  arcs  to  be  con- 
sidered in  the  new  development  and  a  brief 
description  of  each  may  be  of  interest  as  in- 
dicating their  influence  on  subsequent  design 
problems.  The  so-called  medium-intensity 
arc  is  an  arc  of  moderate  luminous  output  but 
capable  of  wide  development.  It  consists 
simply  of  a  pair  of  carbon  electrodes  arranged 
Avith   their   axes   in   substantiallv   the   same 


per  square  inch,  dejjending  somewhat  on  the 
(lualily  of  the  carbons.  'I'hc  oi)eralion  of  such 
an  arc  depends  very  largely  upon  the  char- 
acter of  the  negative  electrode  and.  in  general, 
a  relatively  small  cored  negative  carbon  of 
high  conductivity  api)ears  to  operate  best. 
A  combination  of  electrodes  of  the  following 
dimensions  was  at  length  standardized  for  a 
normal  2()0-amperc  current: 

Negative  ^-in.  by  G-in.  cored 
Positive  l)^in.  by  U-in.  cored 

Oxidation  reduces  the  diameter  of  the  posi- 
tive to  about  J^  inches.  The  medium-inten- 
sity arc  possibly  has  an  advantage  in  color. 
Its  spectrum  is  more  like  daylight  than  other 
artificial  light  sources  developed  for  search- 
light work.  The  steadiness  of  the  Lynn  arc  is 
largely  due  to  the  peculiar  distribution  of  the 


Fig.  7.     Diagram  of  Arcs  and  Light  Flux  Distribution 


Straight  line,  Fig.  7-A.  In  this  type  of  arc  the 
light  useful  for  projection  is  emitted  alto- 
gether from  the  positive  crater  and  the  bril- 
liancy of  this  crater  shoidd  be  as  uniform  as 
possible  as  the  quality  of  the  beam  from  the 
mirror  depends  largely  on  this  condition.  It 
follows,  therefore,  that  the  positive  carbon 
should  be  operated  at  the  maximum  current 
density  consistent  with  good  operation,  that 
is,  quiet  operation,  fair  depth  of  crater, 
minimum  of  oxidation  (which  affects  the  size 
of  the  carbons,  life  etc.).  In  other  W'ords, 
there  should  be  an  even  distribution  of  tem- 
perature over  the  face  of  the  crater  so  far  as 
possible.  There  appears  to  be  a  fairly  con- 
stant relation  between  the  diameter  of  the  car- 
bon and  the  current  density;  and  it  was 
found  that  good  results  could  be  obtained 
with  current  densities  as  great  as  400  amperes 


current  through  the  positive  head  and  arms. 
Fig.  7,  which  have  a  remarkable  stabilizing 
effect. 

While  the  Lynn  medium-intensity  mech- 
anism appeared  to  be  capable  of  operating  all 
grades  of  carbons,  its  operation  is  best  with 
the  carbons  specially  developed  for  the  pur- 
pose by  the  Research  Laboraton.-.  Sche- 
nectady, which  was  early  called  into  con- 
sultation with  the  result  that  excellent  car- 
bons were  being  manufactured  at  the  Sche- 
nectady plant  before  the  signing  of  the 
armistice. 

Another  type  of  arc  available  at  the  time 
the  Lynn  development  was  undertaken  was 
the  Beck  flame  carbon  arc.  Fig.  7-B.  This 
consists  of  a  positive  carbon  of  very  small 
diameter  (j/g  inch  for  150  amperes)  hea\'ily 
loaded  with  light-gi\-ing  salts  which  are  heat 
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evaporated  into  the  arc  stream  and  concen- 
trated at  the  positive  crater.  Due  partly  to  an 
angular  setting  of  the  axis  of  the  negative 
electrode,  relative  to  the  axis  of  the  positive 
electrode,  an  extremely  deep  crater  is  pro- 
duced which  is  in  effect  a  cup  which  contains 


Fig.  8.      High  Intensity  Mechanisn 


1  Standard  De 


the  gas,  so  long  as  all  of  the  necessary  require- 
ments are  observed.  Such  an  arc  possesses 
very  valuable  characteristics  where  extreme 
intensities  and  maximum  concen- 
tration of  beam  are  concerned,  as 
in  marine  work  for  instance,  but  its 
flexibility  so  far  as  current  range 
and  spread  of  beam  are  concerned 
had  not  yet  been  tested.  Be  that 
as  it  may,  the  lack  of  definite 
information  as  to  the  relative 
value  of  these  arcs  for  anti-air- 
craft searching  indicated  the  ne- 
cessity of  developing  both  types 
and  accordingly  the  Lynn  organ- 
ization carried  both  develop- 
ments along  in  parallel  but  with 
the  productive  pressure  appHed 
to  the  medium  intensity  lamp. 
Adapting  the  Beck  arc  to  the 
breech-loading  design  searchlight 
was  difficult  but  this  also  has 
been  successfully  accomplished 
and  in  some  features  there  are 
noteworthy  improvements.  This 
development  is  covered  in  an 
article  by  Mr.  Beechlyn  elsewhere  in  this 
issue.  Fig.  8  shows  the  searchlight  com- 
plete and   indicates   how   standardization   of 


searchlight  design  has  been  maintained. 
This  mechanism  differs  from  the  medium- 
intensity  mechanism  in  appearance,  mainly 
in  the  chimney  required  to  carry  away  the 
products  of  combustion  which  are  given  off 
very  profusely  from  the  high-intensity  type 
of  arc.  However,  in  this  respect 
the  arc  is  similar  to  those  in  com- 
mon use  in  street  lighting,  as  the 
magnetite,  and  since  the  lamps 
designed  for  use  with  these  arcs 
employ  chimnej^s,  it  was  obvious 
that  similar  methods  would  proba- 
bly apply  in  this  case  and  such 
proved  to  be  the  case  (refer  to 
General  Electric  Review,  Dec. 
1911,  page  578). 

Another  arc  considered  as  a  pos- 
sibility and  partially  developed  was 
the  titanium  and  its  modified  varie- 
ties on  account  of  their  high  lumi- 
nous efficiency  in  lumens  per  watt. 
The  appearance  of  such  an  arc  is 
shown  in  Fig.  7-C.  By  com.paring 
the  diagrams  of  the  arcs  and  their 
hght  flux  distribution,  it  will  be 
seen  that  the  light  in  this  case  is 
n  all   given   by  the   arc  stream  and 

that  if  such    an   arc  is   employed 
a  much  deeper  parabolic  mirror  must  be  used. 
The  mechanical  design  of  the  mountings, 
turntables,  trunnion  arm  supports,  carriage, 


etc.,  was  highly  developed.  No  less  than  six 
designs  were  approved  and  built  on  develop- 
mental  orders.      Design    No.    4,    one   of   the 
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fuilii'st    Imt    Hot    ;i<l<)|)U'(l    l>y    llic   ;inii\-    |iiii- 
diu'tion  i'nj,Miieors,  is  sliowii  in  Vi^i.  l.'{ 

Dosi^^n  No.  4-A  was  finally  standanlizod  lor 
future  tielivcries  anil  is  shown  in  Fi^S'  !•  JUi'l 
Ml.  Tiiis  searchlii^lil,  unlike  the  earlior  <lf- 
si^ns,  has  hoon  tilted  with  rolleclor  rin).;s, 
I'Ik-  1  1.  arc  tinder  at  the  hreei'h,  improved  oc- 
euller  system,  and  other  modilieations  and 
imjirovements,  sugj;;csled  in  part  by  the 
eriticisms  of  returning  army  searchlight  ex- 
l>erts.  In  fact,  the  development  is  now  con- 
sidered complete  and  represents  the  best 
knowledge  on  the  subject  of  anti-aircraft 
searchlights  up  to  the  present  time.  One  of 
these  has  been  sent  to  the  British  Gov- 
ernment whose  searchlight  commission  to 
this  country  recently  inspected  the  device  on 
lest.  It  was  pronounced  far  superior  to  aiiy- 
thing  thus  far  developed  for  field  use  by  our 
Allies.  One  of  its  several  modified  forms,  the 
"litter  type,"  is  shown  in  Fig.  12.  Figs.  14 
and  lo  are  other  views  showing  the  high- 
intensity  mechanism  in  place.  Figs.  16  and  17 
show  how  compact  and  easy  of  access  are  the 
hand-wheels  and  various  controls  for  operat- 
insj  the  arc  mechanism. 


Fig    10       Lynn  Design  No.  4-A  on  Feet  Without  Wheels 

The  arc  is  "struck"  by  pushing  the  hand- 
wheel  A,  attached  to  the  arc  striker  and  nega- 
tive carbon  rod,  forward  against  a  spring  until 
contact  is  made  between  positive  and  nega- 
tive carbons,  when  the  negative  element  is  re- 


K  a-.iil  slowly  thus  drawing  tin'  arc.  Tlie  nega- 
tive carbon  is  olTsel  a  small  amount  and  even 
burning  of  liie  i)osilive  is  assured  by  rotating 
the  eccentric  negative  slowly  or  by  stopping 
its  rotation  and  impinging  the  negative  blast 
....  :,-- t. .,;.;.... ,..,  1 1, ..;.;,.,.  f..,.,.     Tu:^-  ,.fT_ 


on  irreg 


1,'ularities  on  the  positive  face.    This  off- 


Fig.  11.     Lynn  Design  No.  4-A — View  of  Under-side 
showing  Collector  Rings 

setting  may  be  augmented  by  flexing  the 
negative  arc  striker  rod  which  is  flattened  for  a 
distance  along  its  length. 

The  negative  feed  is  accomplished  by  the 
screw  thread  B  which  carries  the  negative 
structure.  The  positive  feed  is  accomplished 
by  the  screw  thread  C  which  is  engaged  by  a 
detent  in  the  breech  casting;  the  entire  lamp 
is  moved  in  this  case  and  the  focusing  of  the 
arc  accomplished  by  the  same  operation. 

The  positive  head  and  carbon  can  be  rotated 
when  desired  by  turning  the  hand- wheel  D. 
Even  burning  of  the  positive  may  be  facili- 
tated to  some  extent  by  this  operation  as  the 
convection  currents  can  be  employed  to  work 
in  conjunction  with  the  eccentric  negative 
blast  to  wear  away  evenly  a  carbon  which  may 
lack  uniformity  in  texture. 

To  protect  the  positive  head  supporting 
arms,  arc  shields  E  are  provided;  these  are 
easily  renewable  and  assure  long  life  of  the 
positive  head. 

The  occulter  is  operated  by  the  handle  F. 
The  arc  finder  screen  G.  on  which  is  thrown  a 
correct  image  of  the  arc,  is  conveniently  placed 
for  observation  purposes,  as  the  successful 
operation  of  the  lamp  depends  on  this  detail 
of  the  design. 

Another  important  phase  of  the  Lynn 
searchlight  development  is  to  be  found  in  the 
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Auloinolivo  Do])aitim'iiL  of  the  I^ynn  Works. 
At  the  same  liino  that  the  liKht-vvci>^lit  opeii- 
t^•pl^  scarc'IiliKht  was  hcin^;  (k'V(.'lo])oii  thrri' 
t^-pcs  of  c'orrcs|)oii(lin);ly  hj^^lU-wcij^ht  moliilo 
l>o\vor  units,  capable  of  spcoily  niovemciU, 
wiTo  d(.'si;;!iod.  A  compk-to  description  of 
these  remarkably  eflicicnt  and  smooth-run- 
ninj;  niaehincs  is  given  in  an  article  by  Mr. 
U.S.  Baldwin  elsewhere  in  this  issue.  The 
lari^esl  of  these  machines,  equipi)ed  with  a  ')()- 
kw.  y;enerator,  is  desit;ned  to  ojjcrate  the  oOO- 
amjiere  normal  rating  medium-intensity 
searchlight  shown  in  Fig.  I'.i.  Standardiza- 
tion has  been  maintained  also  in  this  case  for 
all  three  lamps — the  2()()-ampere  medium-in- 
tensity, the  i.")()-ainpere  high-intensity,  and 
the  5Ut)-ampere  medium-intensity — are  in- 
terchangeable in  the  breech. 

It  is  interesting  to  note  that  the  character- 
istics of  these  mobile  generators  are  such  that 
no  stabilizing  resistance  for  the  arcs  is  re- 
quired other  than  the  copper  cables  employed 
to  connect  the  searchlight  with  the  power- 
plant,  the  cable  reels  making  possible  the 
operation  of  the  searchlight  either  on  the 
power-plant  or  300  feet  distant. 

Thus  in  a  brief  period  of  time  and  under 
the  pressure  of  war-time  exigencies,  there  was 
developed  a  new  art,  the  possibilities  of  which 
in  peace  times  can  only  be  surmised;  but  it 
seems  safe  to  predict  that  much  useful 
knowledge  has  been  gained  which  can  be  put 
into  effect  in  the  course  of  time.  The  metal 
mirror  certainly  should  have  a  broad  field  of 
application ;  every  ' '  man-of-war ' '  should  carry 


"spares"  to  he  used  interciiangealjly  with  the 
more  expensive  glass  mirrors  as  in  performance 
they  are  about  eciual,  the  laccpier  necessary 
to  |)rotect  the  silver  surfaced  mirror  diffusing 
about  the  same  amount  of  ligiit  as  the  glass 
absorbs.     However,    there  is  practically  no 


Fig.  Ifi-     Medium  Intensity  Lamp  Contr 
Breech  Details  of  Lynn  No    4A  Desi 


heat  absorption  as  in  the  case  of  glass  and 
consequently  the  metal  mirror  runs  cold, 
whereas  the  glass  runs  hot  and  therefore  its 
liability  to  crack  is  great. 

The  more  efficient  arcs  and  new  methods  of 
arc  control  should  also  have  a  wide  field  of 
usefulness  wherever  highly  concentrated 
sources  of  light  are  employed  as  in  various  pro- 
jection devices. 


Fig.  17.      Medium  Intensity  Lamp  Mechanism 
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Light  Weight  Barrel  Searchlights 

By  Preston  R.  Bassett 
Research  Dep.\rtment,  Sperry  Gyroscope  Company 

The  methods  of  attack  and  defense  employed  in  the  stupendous  field  and  air  operations  of  the  past  war 
necessitated  that  the  engineers  design  their  equipment  for  maximum  performance  with  minimum  weight.  The 
airplane  motor  is  a  splendid  example.  Another,  as  described  in  this  article,  is  the  development  of  the  light- 
weight barrel-type  searchlight  which  is  only  one  fifth  as  heavy  as  its  predecrssor.  The  author  also  describes 
the  construction  of  t]iis  type  of  unit  and  briefly  outlines  its  possible  future  uses. — Editor. 

bombing  from  airplanes  was  instituted  as  an 
important  method  of  warfare.  Anti-aircraft 
searchlight  service  demanded  primarily  a 
most  powerful  beam.  An  airplane  is  none  too 
good  a  target  even  under  the  most  ideal 
conditions,  and  it  was  very  quickly  discovered 
that  the  small  portable  units  with  which  the 
armies  started  the  war  were  useless  for  this 
new  and  important  service.  Therefore,  the 
call  was  issued  for  a  light-weight  searchlight 
of  maximum  power. 

The  development  of  the  60-in.  light  to  fill 
this  need  has  been  accomplished  by  a  series 
of  steps  and  improvements  which  are  worthy 
of  recording.     The   60-in.   searchlight   of  20 


pERHAPS  the 
-^  most  notice- 
able and  universal 
eiTect  that  the  four 
years  of  warfare 
have  had  on  the 
development  of 
mihtary  weapons 
and  war  apparatus 
(jf  all  sorts  has 
been  the  obtaining 
of  greater  service 
from  lighter  appa- 
ratus. "Perform- 
ance   per    pound" 

Preston  R.  Bassett  haS     bcCn     the     by- 

word  of  the  engi- 
neer in  this  war,  and  as  much  emphasis  has 
been  placed  on  the  pounds  as  on  the  perform- 
ance. Up  to  the  past  few  years  there  have 
always  been  two  classes  of  military  apparatus 
— the  mobile  or  field  apparatus  and  the 
permanent  or  fortification  apparatus. 

The  fortification  apparatus  has  consisted 
of  units  too  large  or  too  heavy  to  be  portable 
and  they  have  therefore  been  used  only  in 
permanent  locations,  such  as  coast  defense 
fortresses.  The  intensity  of  this  war,  how- 
ever, has  been  such  that  the  demand  for  the 
superior  performance  of  the  large  forti- 
fication apparatus  has  been  imperative  in 
the  field.  Permanent  fortifications  played  so 
small  a  part  in  this  war  that  all  apparatus 
which  was  to  take  an  active  part  had  to  be 
made  portable  and  dragged  to  the  shifting 
scenes  of  operation  on  wheels. 

For  many  years  one  of  the  permanent 
residents  of  all  forts  has  been  the  60-in. 
searchlight.  Although  this  searchlight  has 
always  been  considered  indispensable  on 
permanent  locations,  it  had  never  been  thought 
of  as  a  possible  recruit  to  the  field  army. 
But  the  army  found  that  the  need  for  a 
searchlight  of  its  power  in  the  field  was  so 
urgent  that  it,  in  turn,  was  subjected  to  the 
process  of  redesign  and  emerged  from  the 
war  a  very  dift'erent  piece  of  apparatus  from 
its  pre-war  predecessor. 

This  evolution  was  caused  largely  by  the 
new  use  which  searchlights  found  when  night 


Fig.  1.     60-inch  Heavy  Type  Searchlight,  which  was  about  the 
only  type  available  at  the  begining  of  the  war 

years  ago  was  practically  the  same  piece  of 
apparatus  as  the  60-in.  searchlight  at  the 
start  of  the  war.  No  remarkable  changes  had 
taken  place  dttring  that  period.  The  appara- 
tus with  which  this  war  started  was  a  cum^ber- 
some  afl^air,  weighing  anywhere  from  6000  to 
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«MH)()  11).  Mcsl  ol'  llic  slnicinral  parls  wi-rr 
(•;isliii^;s;  llir  base,  tmiinmn  alius,  ciul  riiiv;s, 
(liiiir  ami  mirror  Iranu's  wvw  all  lii'avv  iron 
(11-  sti'ol  (.■asiiiii.js.  Till'  HkIiI  was  huilt  for 
|i(.'niiaiK'iU  loi-alions  and  no  spi'cial  |)aiiis  iiad 
Ih'imi  taken  in  keeping'  llu'  \\ri).;lit  down  to 
a  minimum. 

i'"i),'s.  1  and  2  show  tyjjical  examplos  of  the 
iK'avy  scari-hli};lUs  which  were  a\ailal)lc  at 
the  start  of  the  war.  The  e<]uipment  shown 
in  Fi):;.  1  weighs  approximately  DlllK)  lb.  This 
outfit  is  mounted  on  a  small  carriage  with  car 
wheels,  but  this  does  not  make  it,  by  any 
means,  portable;  the  carriaj:;e  and  wheels  were 
used  only  for  pushinj:;  the  searchli<:;ht  in  and 
out  of  its  shelter  o\-er  about  "JK  feet  of  track. 
The  li;jht  shown  in  Fi>;.  2  is  one  of  the  standard 
t»l)-in.  equipments  with  which  all  of  the  coast 
defenses  of  the  United  States  are  supplied.  It 
wciijhs  about  (iOOO  lb.  and  has  always  been  per- 
manently installed  on  hij^h  j^round  or  towers. 

When  the  nij^ht  raiding  by  aircraft  became 
a  serious  menace,  the  immediate  need  for 
searchlights  of  great  power  was  so  urgent  that 
at  first  even  a  great  many  of  these  heavy  old 
t>"pe  searchlights  were  dragged  to  new  loca- 
tions near  the  front,  where  they  could  be  of 
considerable  service  in  the  emergency  until 
they  could  be  supplanted  by  portable  equip- 
ments of  at  least  equivalent  power. 

The  problem  which  the  engineers  faced  in 
designing  a  lighter  equipment  was  difficult 
since  there  had  never  before  been  a  demand 
for  the  6U-in.  searchlight  in  the  field  and  con- 
sequently the  usual  methods  of  light  con- 
struction had  never  before  been  applied  to 
the  construction  of  the  larger  size  search- 
lights. The  construction  of  two  light  weight 
liU-in.  searchlights  was  started  at  about  the 
same  time  by  different  manufacturers.  One 
attempt  at  extremely  light  construction  was 
made  by'  using  aluminum  wherever  possible. 
The  drum  was  built  of  sheet  aluminum  with 
cast  aluminum  end  rings  and  with  aluminum 
mirror  frame  and  front  door  ring.  The  search- 
light was  mounted  in  light  trunnion  arms  of 
structural  iron,  which  were  carried  on  a  light 
carriage  with  rubber-tired  wheels.  The  outfit 
weighed  1800  lb.  complete,  which  immediately 
jjlaced  it  well  within  the  class  of  portables. 
The  other  attempt  at  light  construction  was 
made  by  the  use  of  light  structural  iron.  The 
drum  was  constructed  of  thin  galvanized 
sheet  iron  with  end  rings  bent  from  No.  S 
gauge  iron  plate.  The  plate  was  first  cut 
and  bent  into  a  channel  section  and  then  the 
channel  section  was  rolled  to  make  the  rings 
of  the  pro])er  diameter.  This  construction 
was  found  to  give  the  greatest  strength  and 


rigidity  to  the  cylinder  with  the  least  weight. 
The  mirror  ring  and  the  front  door  frame  were 
also  formed  from  thin  boiler  ()lale  and  then 
bent  to  tin:  projjcr  radius.  'I"he  trutinion 
arms  and  base  were  made  entirely  of  light 
angle    iron    trussed    tr)    make    a    very    rigid 


Fig.  2.     Side  View  of  Heavy  Type  60-inch  Searchlight. 
This  searchlight  weighs  approximately  9000  pounds 

support  for  the  drum.  The  base  was  mounted 
on  a  light  carriage  having  standard  Ford 
automobile  wheels.  This  outfit  wei.ghed 
about  2000  lb.  complete  with  the  carriage. 

The  performance  and  the  weight  of  these 
two  light  equipments  w-as  ver\'  nearly  the 
same,  but  when  further  development  along 
these  lines  was  considered  it  seemed  that  the 
latter  scheme  had  many  advantages.  First, 
it  was  by  far  the  cheaper  method  of  con- 
struction, and  was  better  suited  for  emergency^ 
production.  Aloreover,  the  structural  iron 
method  produced  a  searchlight  which  would 
stand  much  rougher  treatment  than  the 
aluminum  castings  could  withstand.  The 
light  iron  drum  was  quite  flexible  and  would 
spring  or  bend  slightly  to  take  up  jars  and 
jolts  in  rough  handling,  whereas  large  alu- 
minum castings  of  small  section  have  proved 
themselves  very  unreliable  when  subjected 
to  blows  or  hard  treatment,  since  instead  of 
springing  or  bending  they  fracture  and  break. 
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The  next  logical  step  was  to  reduce  still 
further  the  weight  of  the  structural  iron 
design.  The  first  model  proved  to  be  so 
strong  and  rigid  that  it  was  considered  safe 
to  use  lighter  gauge  throughout  in  the  second 
model  of  this  type.    The  limitation  of  decreas- 


Fig.  3.     Light  Weight  60-inch  Searchlight 

ing  the  weight  of  the  apparatus  by  using 
lighter  material  was  that  the  drum  reached  a 
degree  of  flexibility  which  endangered  the 
mirror,  and  which  also  made  it  difficult  to 
hold  the  arc  at  the  focus  of  the  mirror.  It 
was  found  that  when  the  construction  was 
too  light,  the  mirror  was  very  easily  warped, 
giving  a  distorted  beam  and  running  the  risk 
of  breaking  due  to  temperature  changes  on 
the  mirror  while  in  this  distorted  condition. 
It  was  also  found  to  be  very  difficult  to  hold 
the  arc  in  the  proper  location,  since  warping 
of  the  drum  would  throw  the  lamp  mechanism 
out  of  the  center  line  of  the  mirror. 

These  two  disadvantages  were  remedied  by 
inserting  within  the  drum  tie  rods  which  held 
an  inner  frame  rigidly  at  the  center  of  the 
drum  by  three  tension  members.  This 
device,  somewhat  similar  to  a  bicycle  wheel 
with  three  spokes,  both  located  the  central 
frame  rigidlj-  and  at  the  same  time  prevented 
the  drum  from  warping  out  of  shape.  The 
lamp  was  designed  so  that  it  could  be  inserted 
within  the  inner  frame  at  the  center  of  the 
drum.  The  lamp  mechanism  was  divided 
into  two  units,  one,  the  carbon  holders  which 
could  be  inserted  in  the  inner  frame,  and  the 
other  unit,  the  controlling  mechanism,  which 
was   attached    to    the    drum.      The   positive 


and  negative  columns,  which  in  all  standard 
searchHght  designs  connected  the  carbon 
holders  to  the  lamp  mechanism,  were  elim- 
inated. The  only  connection  between  the 
carbon  holders  and  the  control  mechanism 
were-  the  feed  rods  which  transmitted  the 
power  for  feeding  and  rotating  the 
"•  carbons. 
^  With  these  new  features  in  mount- 

ing the  carbon  holders  and  strengthen- 
ing the  drum  it  was  possible  to  con- 
struct an  extremely  light  outfit.  The 
base  on  which  the  drum  was  mounted 
was  also  simplified  and  its  weight 
reduced.  The  base  consisted  of  two 
rings  of  channel  iron,  one  stationary 
and  one  movable.  The  rings  were 
attached  by  cross  braces  to  a  center 
pin.  Between  the  two  rings  there  was 
mounted  a  spider  carrying  four  small 
steel  wheels  on  which  the  upper  ring 
carrying  the  trunnion  arms  and  drum 
rotated.  A  ball  thrust  bearing  was  also 
inserted  on  the  center  pin  under  the 
rotating  section  of  the  base.  This 
arrangement  reduced  the  turning 
friction  to  a  much  lower  figure  than 
had  been  reached  bj'  pre\'ious  types 
of  60-in.  searchHghts.  This  is  an 
important  feature  in  that  it  allows 
much  easier  and  more  accurate  training  of  the 
light,  either  with  electric  or  hand  control. 
This  equipment  mounted  on  a  light  carriage 
with  Ford  automobile  M^heels  weighed,  com- 


Fig.  4.      60-inch  Open-type  Searchlight 

plete,  less  than  1400  lb.  or  about  one  fifth  of 
the  weight  of  its  predecessors.  The  apparatus 
met  all  service  tests  very  satisfactorily  and 
was  considered  a  very  important  new  member 
to  the  fast  growing  family  of  60-in.  search- 
lights.    There  were,  however,  at  the  time  of 
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this  (K'\i'li)|)nu'iit,  ullicr  consiik'ralioiis  of 
iiniidiUincc.  It  \v;is  necessary  lo  have  the 
equii)ments  lake  up  a  miniinuni  amount  (jf 
shippinj;  space,  which  was  the  most  imiiorlaiit 
consideration  in  the  days  when  shipjiinj^  apacv. 
was  so  iirccious.  Furtliermore,  a  hand- 
operated  apparatus  was  desired, which 
could  be  o])erated  by  an  untrained  W 
personnel.  Therefore  the  wave  of  ^ 
development  passed  over  this  type  of 
li.uht  and  strove  to  reach  a  desifjn 
which  would  belter  comjily  with  all 
the  requisites.  The  linal  result  was  the 
open-type  lij^ht  shown  in  Vi^^.  .'5  which 
met  ideally  the  peculiar  set  of  condi- 
tions which  the  emergency  demanded. 
The  story  of  the  open-type  light  is, 
however,  told  in  another  article. 

Now  that  the  war  is  over,  and  we 
can  take  account  of  the  tremendous 
variety  of  war  material  which  has  been 
developed  during  the  past  few  years, 
it  will  be  found  that  a  great  many  of 
I  he  developments,  which  were  never 
used  extensively  in  this  war,  will  be 
of  great  value  in  equipping  our  army 
for  a  peace-time  basis  of  prepared- 
ness. The  light  weight  barrel  search- 
lights, which  on  account  of  their 
bulk  never  got  to  France,  have  manj- 
advantages  over  the  open-tj'pe  searchlight 
for  regular  serxnce  both  in  the  field  and  in 
the  forts.  They  are  automatic  and  are  capable 
of  running  unattended  for  periods  of  two  hours 
or  more.  This  is  a  decided  advantage  for 
all  coast  defense  work  where  long  watches 
and  searches  are  required.  Another  advan- 
tage of  the  drum  type  for  coast  defense  work 
is  that  the  arc  is  enclosed  and  can  operate 
steadily  in  a  gale  which  would  cause  the  open- 
type  searchHght  to  flicker.  In  the  field  both 
the  open-type  and  light  weight  drum  will  have 
their  uses.  The  difference  in  weight  and 
portability  of  the  two  outlits  is  very  slight, 
even  though  this  does  not  appear  so  in  the 
photographs.  The  light  weight  drum,  how- 
ever, uses  the  barrel  and  the  braces  to  obtain 
rigidity  for  mirror  and  lamp,  and  can,  there- 
fore, have  a  very  light  mirror  ring  and  metal 
dome  behind  the  mirror.  The  open-type 
light,  lacking  the  barrel,  has  to  be  strength- 
ened by  a  much  heavier  mirror  ring  and  a 
heavy  metal  dome  to  prevent  warping.  The 
two  methods  of  strengthening  the  mirror 
ring  about  oflset  each  other  as  regards  weight, 
so  that  the  only  additional  weight  in  the  light 


weight  drum  is  the  front  door  which  weighs 
about  UtO  lb. 

Another  important  use  of  searchlights 
which  has  developed  during  the  war  is  the 
illumination  of  aviation  fields.  The  lights 
are  used  both  as  beacons  to  locate  the  fields, 


Fig.  5.     Light  Weight  SO-inch  Barrel  Type  Searchlight 

and  as  floods  for  illuminating  the  fields  for_ 
the  landing  of  the  planes.  A  36-in.  light 
weight  barrel  searchlight  has  been  developed 
especially  for  this  use.  It  is  built  along  the 
same  lines  as  the  60-in.  light  weight  already 
described.  It  weighs,  complete  \\4th  its 
carriage,  900  lb.  and  can  easily  be  pulled 
around  the  field  and  operated  by  one  man. 
As  the  arc  is  automatically  controlled,  it  can 
be  used  verj-  conveniently  as  an  aircraft  beacon 
burning  in  the  vertical  position  for  several 
hours  without  attention.  Fig.  4  shows  one  of 
these  equipments  mounted  on  its  carriage. 

The  future  army  searchlights  will  probably 
be  open  types  and  light  weight  barrel  equip- 
ments. The  old  coast  defense  searclilights 
are  becoming  obsolete,  as  they  are  being  out- 
classed by  their  portable  successors,  which 
are  easier  to  move,  easier  to  manipulate  and 
easier  to  operate.  The  development  may  be 
summed  up  by  referring  to  the  "performance 
per  pound."  The  new  portable  searchlights 
are  capable  of  giving  30  times  the  candle- 
power  per  pound  that  could  be  obtained  from 
the  searchlights  which  the  army  had  available 
at  the  beginning  of  the  war. 
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Distant  Electrical  Controls  for  Military 
Searchlights 

By  Theodore  Hall 
Sperry  Gyroscope  Comp.^ny 

Remote  control  for  searchlights  is  essential  in  some  of  their  military  and  naval  applications.     The  author 
describes  some  of  the  different  forms  of  control  in  use  and  discusses  their  relative  merits. — Editor. 
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Theodore  Hall 


NYONEwhohas 
had  occasion  to 
be  near  one  of  the 
]30werful  army  or 
navy  searchlights 
when  in  action  is 
aware  of  the  fact  that 
the  closer  to  the 
source  of  light  an  ob- 
server stands  the  less 
can  he  see  of  the  field 
illuminated  by  the 
beam.  An  operator 
stationed  at  the  light, 
training  it  by  means 
of  the  hand  wheels 
or  levers,  finds  it  very  difficult  to  direct  the 
comparatively  narrow  pencil  of  Hght  to  a 
distant  object.  Could  he  add  an  extension  to 
his  handwheel  shafts  so  as  to  get  away  from 
the  light,  say  a  distance  of  ten  feet  or  so,  he 
would  find  it  very  much  to  his  advantage.  It 
has  been  found,  by  actual  trials,  that  an  ob- 
server stationed  500  feet  to  one  side  of  the 
searchlight,  can  see  a  target  at  three  times  the 
range  that  an  observer  stationed  at  the  search- 
light can  discern  a  similiar  target.  The  reason 
for  this  is  that  the  observer  at  the  Hght  is 
handicapped  by  the  dazzling  effect  of  the 
bright  beam  on  the  eye.  He  is  looking  at  the 
target  through  a  brighi  curtain  of  Hght, 
whereas,  when  stationed  at  a  distance  his  eyes 
receive  very  much  less  light  from  the  beam., 
and  are,  therefore,  more  sensitive  to  the  light 
reflected  from,  the  target.  The  longer  the 
range  and  the  more  intense  the  light  the  more 
difficult  it  is  to  "pick  up"  or  follow  a  target. 
Long  ago  it  was  found  necessary  to  devise 
some  means  of  controlling  searchlights  from  a 
distance.  It  was  needed  for  the  pre-war  low 
intensity  lights,  but  with  the  modern  high  in- 
tensity flam.ing  arc  searchlight,  of  twice  the 
range,  it  is  absolutely  essential;  for  the  ad- 
vantage of  the  higher  intensity  light  would  be 
offset  by  its  greater  dazzling  effect  if  controlled 
by  handwheels  located  on  the  light.  Training 
hand  wheels  and  levers  have  now  come  to  be 
regarded  as  emergencv  devices  onlv. 


Distant  mechanical  controls  of  various 
types  have  been  used  to  some  extent  by  the 
army,  but  these,  with  few  exceptions,  have 
been  replaced  by  the  more  compact  and  con- 
venient electric  controls.  When  the  bulk  and 
weight  of  the  shafts,  cables  and  pulleys,  or 
chains,  necessary  to  manipulate  the  search- 
light from  a  distance  of  a  few  hundred  feet,  by 
purely  mechanical  means,  are  considered,  it 
will  at  once  become  obvious  why  this  system 
has  fallen  into  disuse. 

A  number  of  distant  electrical  control  sys- 
tems have  been  used  during  the  past  ten  or 
twelve  years  by  both  the  Army  and  Navy 
with  varied  success.  The  earher  controllers 
were  for  the  most  part  of  the  relay  type,  much 
on  the  order  of  the  simpler  forms  of  street  car 
controls.  Another  form  used  a  sensitive  relay 
located  on  the  searchlight  and  was  operated 
by  push-buttons  from  the  distant  or  controller 
end  of  a  cable.  The  relay  in  turn  operated  a 
plunger  and  solenoid  contactor  which  in  its 
turn  closed,  opened  and  cut  in  or  out  re- 
sistance in  the  training  motor  circuits.  A 
number  of  other  similar  schemes  could  be 
m.entioned,  but  a  history  of  this  subject  can 
not  be  included  within  the  limited  space  of 
this  article.  Great  advances  have  been  m_ade 
during  the  past  four  years,  but  until  recently 
the  synchronous  control  made  by  the  General 
Electric  Com.pany  and  supplied  to  both  the 
Army  and  Navy,  has  been  the  only  system 
which  has  successfully  met  the  service  re- 
quirements. This  control  was  for  m^any  years 
the  standard  means  of  training  the  large 
military  searchlights. 

A  recent  distant  electrical  control  system., 
which  has  made  an  excellent  showing  both  in 
rigid  laboratory  tests  and  in  the  field,  is  one 
called  the  Potentiometer  control,  so  named  on 
account  of  the  m.anner  in  which  the  potential 
across  the  arm_ature  of  the  training  m_otor  is 
varied.  This  system  promises  to  fill  the  long 
felt  want  of  a  simple,  rugged,  and  flexible  con- 
troller for  long  and  short  distance  work,  both 
at  coast  fortifications,  and  with  portable 
searchlights  in  the  field.  This  controller 
scheme,   or  at   least   the   application   of  the 
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srluiiic,  lniiiK'  iH'W  and  not  very  wick-Iy  known. 
1  sliall  tr\'  til  (k'sciil)i'  it  somewhat  in  detail. 
The  deserijition  will  he  better  understood 
by  the  aid  of  wiring;  dia).;rams,  Fi^-s.  I,  '2  and 
.'5,  which  have  been  made  as  simjile  as  ])os- 
sible  for  the  sake  of  clarity.  Only  one  motor 
has  been  shown  where  two  are  used  in  prac- 
tice, one  for  trainint:;  in  aziniulh  and  one  for 
elevation.  Only  two  s])eeds  in  each  direction 
are  shown,  whereas  at  least  four  are  actually 
used. 

Referring  to  Fij;.  1,  .1  is  a  rheostat  located 
in  a  convenient  i)lace  on  the  searchlight  base. 


rheostat,  that  is,  in  such  manner  that  jjoint 
( '  on  the  rheostat  will  be  joined  to  the  cen- 
ter contact  of  Ji,  and  if  point  I  is  joined  to 
the  first  contact  to  the  left  of  the  center  on 
H,  I'  must  be  connected  to  the  first  step  to 
the  ri^ht,  etc.  Power  is  transmitted  from  the 
motor  A/  to  the  searchlight  through  a  train 
of  },'ears.  A  suitable  handle  is  i)roviflefl  on  the 
contactor  arm  on  B  so  that  it  can  be  mover.' 
over  the  dilTerent  contacts  at  will.  A  cen- 
tralizing sprinj;  causes  the  handle  and  arm  to 
always  take  u])  a  neutral  ])osition  when  re- 
leased by  the  operator. 


Figs.  1  and  2.     Simplified  Wiring  Diagrams  of  Control  Systems 


It  is  connected  directly  across  a  line  delivering 
direct  current  at  a  pressure  of  90  to  110  volts. 
The  fields  of  the  training  motor  M  are  con- 
nected across  any  portion  of  the  rheostat  that 
will  give  the  proper  difference  of  potential  for 
the  excitation  desired.  One  armature  lead,  of 
motor  M.  is  connected  to  the  center  point 
of  the  rheostat;  the  other  armature  lead 
]jasses  through  the  controller  cable,  C,  and 
is  connected  to  the  movable  contactor  arm  of 
the  transmitter,  B.  at  the  distant  end.  At  a 
number  of  points  on  the  rheostat,  .4,  con- 
ductors are  connected  and  pass  through  cable 
6"'  to  B,  where  they  are  connected  to  con- 
tacts in  the  same  consecutive  order  as  on  the 


From  the  diagram  it  wall  be  seen  that  as  the 
contaetor  arm  on  B  is  moved  to  the  right, 
or  the  left,  of  the  center  point  to  the  adjacent 
contacts  a  potential,  equal  to  the  drop  across 
the  portions  1-C  or  I'-C,  is  impressed  on  the 
armature  circuit  of  the  training  motor,  and 
the  first  speed  in  one  direction  or  the  other 
is  thus  obtained,  the  direction  of  the  current 
in  the  armature  being  dependent  on  which  side 
of  the  neutral  point  the  arm  is  moved.  Mov- 
ing to  the  next  adjacent  point  in  either  di- 
rection gives  us  the  second  speeds,  and  so  on. 

The  armature  resistance  of  the  training 
motor  is  made  as  low  as  possible,  so  that  when 
the  motor  is  connected  across  1-C  or  V-C  of 
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the  rheostat  the  greater  part  of  the  current 
from  the  hne  may  pass  through  the  armature . 
This  gives  the  necessary  high  starting  torque 
so  desirable,  and  makes  it  possible  to  run  the 
motor  at  very  low  speeds  without  stalling, 
because  of  slight  variations  in  the  load. 


\-*-IIO  VoltSupplij 


wwW 


■c^ 


The  main  advantage  claimed  for  the 
potentiometer  system  is  that  it  does  away 
with  the  starting  resistances,  usually  con- 
nected directly  in  series  with  the  armature. 
The  series  resistance  tends  to  keep  the  current 
constant  for  all  loads  and  thus  seriously  re- 
duces the  starting  torque  and  makes  the 
motor  uncertain  on  low  speeds.  It  is  true  that 
this  tendency  is  present  to  some  extent  in  the 
potentiometer  system  also,  but  here  the  ill 
effects  are  hardly  noticeable. 

The  control  in  Fig.  1  is  used  with  portable 
field  lights  and  is  good  for  distances  up  to  800 
feet  when  the  standard  No.  16  B  &  S  Gauge 
copper  conductor  is  used  in  the  cable  C^. 

Fig.  2  shows  the  same  system  of  control  so 
arranged  as  to  use  a  minimum  number  of  con- 
ductors in  the  cable.  For  obvious  reasons  this 
is  of  great  importance,  and  the  designing  of  con- 
trollers has  become  a  problem  of  getting  a  relia- 
ble system  with  as  great  a  number  of  speeds 
as  possible  and  at  the  same  time  employing  a 
minimum  size  and  number  of  conductors.  In 
this  diagram  the  rheostat  A  is  located  at  the 
distant  end  of  the  cable  C^  instead  of  on  the 
searchhght.  The  points  C,  1,  2,  IS  and  2^ 
are  here  connected  to  the  contactor  by  means 
of  short  "jumper  "  wires.    The  1 10  volt  supply 


Fig.  3.      wiring  Diagram  of  a  System  of  Control 
for  Both  Long  and  Short  Range  Work 


Fig-  4.      Photograph  showing  Controller  Mounted  on  Tripod 
with  Transmitter  and  Indicator  (cover  removed) 


The  first  step  is  usually  so  proportioned  as 
to  give  the  m.otor  a  speed  of  60  r.p.m..  when 
training  the  searchlight  and  no  trouble  is  ex- 
perienced from  stalling  in  turning  the  hght 
continuously  through  a  complete  revolu- 
tion. 


line  is  brought  in  to  the  rheostat  through 
cable  C.  In  Fig.  2  a  double  contactor  is 
used,  which  makes  it  possible  to  impress  full 
line  voltage  across  the  terminals  of  the  motor 
in  place  of  one  half  the  drop  across  .4 ,  as  was 
the  case  in  Fig.  1.    The  movable  contacts  are 
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insulati'd  from  i';uli  dilicr  and  from  tln'  liaiidli' 
and  shall  al  IK  li  will  he  seen  lliat,  when 
the  arm  is  moved  to  iH)iitai-ts  a  and  u'  it  jjivcs 
first  s])eed  in  one  direction,  and  when  moved 
to  contacts  b  and  />'  first  six-ed  in  liie  o])i)osile 
direction  is  obtained,  etc.  Re>;enerati\e  lirak- 
inj^,  whicli  is  of  imiwnlance,  is  obtained  ;.s  tlie 
contactor  is  moved  from  a  hifjher  to  a  lower 
S])eed  contact  and  on  the  neutral  or  center  con- 
tacts.    This  feature  a]>plics  to  Fi^;.  1  as  well. 

The  control  as  connected  in  Fij:;.  2  requires 
four  conductors  in  the  cable  C  for  the  control 
of  one  motor  and  two  additional  conductors 
for  each  additional  motor  controlled,  as  well  as 
one  contactor  arm  for  each  motor. 

Fig.  3  show-s  a  system  well  adapted  for  both 
short  and  long  range  work.  This  control  has 
been  used  oii  ranges  up  to  12000  yards  with 
excellent  results.  At  these  long  ranges  six 
speeds  in  each  direction  are  generally  used 
with  a  speed  variation  of  from  o  degrees  to 
lOSO  degrees  per  minute  of  the  searchlight. 
The  late  war,  where  air  craft  has  pla>-ed  such 
an  important  part,  has  shown  the  necessity 
of  a  wide  range  of  speeds  and  uniformit\-  of 
each  speed  froni  the  very  slow,  which  is  used 
for  following  a  target  or  searching  at  extreme 
ranges,  to  the  high  speed  used  for  following  a 
plane  passing  directly  overhead  at  low  alti- 
tude or  for  rapidly  swinging  the  beam  from 
one  portion  of  the  sky  to  another  when  it  is  de- 
sired to  search  for  a  new  target. 

The  description  of  the  short  distance  con- 
trols of  Figs.  1  and  2  applies  to  the  long  dis- 


tance system  of  Fig.  'A  with  the  excepli(jn 
of  the  method  of  manipulating  contactor 
arm  li,  which  in  I'igs.  I  ami  2  i.s  oper- 
ated manually  by  means  of  a  lever.  In 
I'^ig.  .'{  contatlor  /•-  is  operatetl  manually 
causing  a  ])<)larized  relay  to  do.se  one  of 
two  contacts  //.  This  energizes  motor  / 
which  in  turn  moves  the  contactor  arm 
on  I)  through  a  train  of  gears.  Contactor  D 
is  ])inned  to  the  same  shaft  with  fi  and  the 
two  move  in  unison.  Two  high  resistance 
rheostats,  R  and  Ri,  are  connected  across  the 
same  line  of  su])ijly,  A'  at  the  searchlight  and 
R\  at  the  distant  or  controller  end  of  Cable  C . 
Two  resistances,  d  and  d\  limit  the  current  in 
R  so  that  the  drop  of  potential  per  step  will  be 
the  same  as  that  in  corresjjonding  steps  in  R\. 
The  motor  /  is  reversible  by  means  of  the  two 
contacts  at  H.  The  armature  G  of  the  polar- 
ized relay  is  pivoted.  It  is  evident  that  if 
the  contactor  arm  at  E  is  moved  to  a  contact 
to  the  right  or  left  of  the  center  point,  the 
arm  at  D  being  on  the  center  point,  a  differ- 
ence of  potential  is  impressed  across  each  of 
the  coils  F  and  F'  of  the  relay.  The  relay  now 
tilts  in  a  definite  direction  and  makes  con- 
nection with  the  proper  contact  at  H,  causing 
the  motor  to  bring  contactor  arm  D  to  the 
same  relative  position  as  E  when  the  potential 
across  the  relay  becomes  zero  and  the  relay 
armature  returns  to  neutral  position.  For 
any  position  of  the  contactor  arm  E,  con- 
tactor arm  D  will  take  up  a  corresponding 
relative  position. 
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Searchlight  Development 

By  Prof.  Elihu  Thomson 

Lynn  Works,  General  Electric  Company 

Prof.  Thomson  in  his  always  interesting  style  traces  the  development  of  the  searchlight.  He  cites  the 
lantern,  candle  flame,  and  concave  mirror  as  the  simplest  example,  and  then  traces  the  development  of  the 
light  source  and  lens  or  mirror  through  their  successive  stages — Editor. 


L' 


Prof.   Elihu  The 


ENSES  and  mir- 
rors have  been 
employed  for  a  long 
period  in  more  or  less 
perfect  forms  to  give 
direction  to  light 
beams  from  such 
sources  as  flames 
and  incandescent 
solids.  The  lantern 
with  its  lamp  or 
candle  flame,  back 
of  which  is  mounted 
a  concave  reflector 
of  polished  metal  or 
of  silvered  or  mirrof 
glass,  is  the  simplest  example.  So  far  as 
the  use  of  lenses  for  a  like  purpose  is  con- 
cerned, the  familiar  bull's-eye  lantern  and 
the  later  electric  battery  flashlight  are  crude 
examples.  The  more  refined  and  complete 
forms  have  undergone  gradual  development 
and  find  their  most  perfect  embodiments  in 
the  modern  searchlight  and  in  the  elaborate 
Fresnel  lens  lanterns  of  the  great  lighthouses 
along  our  coasts.  The  degree  of  optical  per- 
fection required  in  the  best  of  these  is  not  gen- 
erally realized  by  those  who  have  given  little 
attention  to  the  subject. 

Confining  our  attention  to  the  case  of  re- 
flection by  mirrors  of  proper  construction, 
such  as  are  to  be  found  in  the  searchlight  of 
today,  it  is  purposed  herein  to  emphasize  the 
requirement  of  accuracy  in  the  mirror  con- 
struction, so  that  a  projected  beam  may  be 
held  together  so  to  speak,  for  its  long  traverse, 
perhaps  for  miles  after  leaving  the  mirror  sur- 
face. In  the  earlier  applications  of  concave 
mirrors  the  light  source  itself,  being  a  more  or 
less  spreadout  flame  covering  a  considerable 
area,  it  was  not  to  be  expected  that  even  with 
the  most  perfect  reflectors  the  beam  could  be 
held  to  a  straight  course  without  great  diver- 
gence. The  intrinsic  illumination  at  the  source 
being  also  low,  the  useful  range  was  again 
limited  to  very  small  distances. 

The  invention  of  the  Drummond  light,  the 
so-called  calcium  light  so  much  used  in  the 


past  for  lantern  projection,  rendered  possible 
the  establishment  of  searchlight  conditions  to 
a  degree  comparable  somewhat  with  the  use 
of  the  electric  carbon  arc  as  the  source.  In 
the  calcium  light  the  concentrated  flame  of 
oxygen  and  hydrogen  from  an  oxy-hydrogen 
jet,  driven  against  one  side  of  a  small  cylinder 
of  lime,  gave  a  small  hot  area  the  light  from 
which  might  measure  three  hundred  candles 
or  more  in  intensity.  The  area  itself  heated 
by  the  flame  might  be  about  a  quarter  of  an 
inch  in  diameter,  more  or  less,  thus  fulfilling 
one  of  the  conditions  of  accurate  projection, 
which  is  that  the  surface  or  area  from  which 
the  light  emanates  should  be  as  small  as  pos- 
sible and  as  near  in  character  to  a  point  source 
as  practicable.  It  is  interesting  to  note  in 
passing  that  the  lime  light  or  calcium  light 
was  the  first  example  of  the  employment  of  a 
solid  with  selective  radiation  heated  by  a 
mixed  gas  jet.  The  Welsbach  mantle  lights  of 
today  are  the  modern  examples  of  illuminat- 
ing agencies  embodying  the  same  principle  of 
light  production. 

The  mirrors  used  with  the  calcium  light 
were,  as  a  rule,  of  sheet  metal  spun  into  form, 
silvered,  and  polished.  In  the  nature  of 
things,  such  mirrors  cannot  possess  the  per- 
fection of  form  or  figure  and  the  refinement 
of  surface  demanded  in  real  searchlight  work . 

The  calcium  light  projector  found  its 
application  in  concentrating  light  on  scenes 
or  objects  needing  a  more  or  less  spread 
beam  or  general  illumination,  directed  it 
is  true,  but  covering  a  considerable  area 
at  no  very  great  distance  from  the  re- 
flector. It  was,  therefore,  applied  extensive!}'- 
to  stage  lighting  in  theatres.  It  has  the  great 
merit  of  absolute  steadiness.  ' '  The  gases  used 
were  generally  oxygen  and  illuminating  gas, 
though  hydrogen  sometimes  replaced  the  lat- 
ter. Drummond  employed  the  gases  mixed 
and  compressed,  and  invented  his  "safety  jet" 
to  obviate  the  passage  of  flame  back  into  his. 
reservoir  of  mixed  gases,  with  the  conse- 
quent violent  explosion  that  would  have  re- 
sulted. In  the  middle  of  the  last  century  it 
was  general  to  employ  two  collapsible  rubber 
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liiij^s  tor  I  lu'  t^asrs,  and  tn  piil  a  im  ulcralc  pi'cs- 
siire  on  tla-in  in  usi'  li\-  wlial  wi'iv  lalk'il 
"l)rfssl)<)ar(ls."  ICac-h  iistM'  had  then  to  iiiako 
his  own  oxyjjen  and  lill  llic  f,'as  hajijs,  for 
noilhor  oxyj;;cn  nor  hydrogen  wuro  al  thai 
time  articles  of  commerce.  Later  the  practice 
of  compressing^  the  gases  in  cylinders  was  be- 
};un  and  such  c\'linders  were  sold  or  kept  in 
store  for  future  use. 

It  was  early  seen  that  the  electric  arc,  the 
carbon  arc,  would  on  account  of  its  approxima- 
tion to  a  |ioinl  source  and  its  very  hijjh  in- 
trinsic bnllianc\-  lend  itself  admirably  to  pro- 
jection of  powerful  beams,  if  used  with  projier 
reflectors  or  lenses.  When  it  is  remembered, 
however,  that  before  the  early  cij^htics  of  the 
last  century  dynamos  for  obtaining;  electric 
energ>'  from  power  were  very  rare  machines, 
and  that  previous  to  that  period  they  were,  as 
we  may  say,  conspicuous  by  their  absence,  and 
that  to  run  an  electric  arc  meant  the  setting 
up  of  from  forty  to  sixty  large  cells  of  a  Grove 
or  Bunsen  battery,  using  sulphuric  acid  and 
concentrated  nitric  acid,  it  can  easily  be  un- 
derstood that  electric  arc  lights  were  almost 
as  rare  as  dynamos.  Such  batteries  them- 
selves were  only  to  be  found  in  a  few  labora- 
tories and  they  took  days  to  set  up  in  action, 
could  only  be  used  for  a  couple  of  hours,  and 
then  had  to  be  taken  down,  cleaned  of  acid 
and  stored  for  perhaps  months  before  being 
set  up  again.  Only  an  abundant  youthful 
scientific  enthusiasm,  a  certain  unmindfulness 
of  the  highly  corrosive  character  of  the  acids 
used,  and  a  willingness  to  be  "gassed"  by  the 
inevitable  fumes  could  rob  the  enterprise  of 
its  terrors.  The  advent  of  the  dynamo,  how- 
ever, changed  all  this.  It  may  be  interesting 
to  note  in  this  connection  that  the  earliest  arc 
dynamos  were,  as  a  rule,  made  to  run  a  single 
arc  and  this  arc  was,  as  a  rule,  intended  to  be 
used  in  a  projector.  The  first  arc  dynamos  of 
the  Gramme  type  were  designed  for  such  use. 

Probably  the  first  drum  armature  in  the 
United  States  was  in  the  Siemens  dynamo  im- 
ported by  the  U.  S.  Navy  and  installed  at  the 
Torpedo  Station  at  Newport,  R.  I.,  to  run  an 
arc  light  for  projection. 

The  early  searchlights  for  naval  use  were  of 
but  moderate  capacity,  as  compared  with 
those  of  today.  Outside  the  source  of 
light,  the  electric  carbon  arc,  the  important 
feature  was  and  is  the  mirror,  the  reflecting 
surface  of  which  should  be  a  close  approxima- 
tion to  a  paraboloid  surface.  The  difficulties 
at  first  experienced  in  grinding  and  polishing 
such  deep  concave  mirrors  to  a  nearly  true 
parabolic  curve  led  to  the  endeavor  to  obtain 


a  like  elTecl  in  directinj;  the  beam  by  a  com- 
i>ination  of  refraction  and  reflection  from  a 
mirror  having  onlj'  spherical  curves.  Colonel 
Mangin  in  France  designed  the  now  well- 
known  Mangin  ruHeclor,  which,  like  many 
other  products  of  scientific  investigation,  have 
in  recent  years  been  |)roduced  in  great  num- 
bers for  automobile  headlights  of  certain 
tyjjcs. 

The  Mangin  reflector  is  in  reality  a  concave- 
convex  lens  silvered  on  the  back  or  convex 
surface.  The  surfaces  are  spherical  and  the 
light  undergoes  refraction  on  entering,  and 
again  after  reflection,  which  so  Ijends  the  rays 
as  to  cause  them  to  emerge  in  a  nearly  parallel 
beam.  When,  however,  the  diameter  of  the 
mirror  is  increased,  the  Mangin  type  becomes 
impracticable,  not  alone  because  of  the  great 
weight  due  to  the  thickness  of  the  glass  at  the 
edge,  but  also  on  account  of  the  risk  of  crack- 
ing of  the  mirror  by  vmequal  heating,  as  the 
thick  edge  absorbs  much  heat  and  also  dimin- 
ishes the  light  by  its  absorption.  The  larger 
mirrors  for  searchlights  are,  therefore,  when 
of  glass,  made  as  thin  as  is  consistent  with 
strength  and  are  worked  by  grinding  and 
polishing  machines  to  a  near  approxima- 
tion to  parabolic  form.  The  rays  from  the 
source  of  light  placed  at  the  focus  of  such  a 
mirror  are  reflected  without  aberration  and 
leave  all  parts  of  its  surface  parallel;  or  if  de- 
sired, can  be  made  to  converge  or  diverge  regu- 
larly by  slightly  shifting  the  light  source  back 
of  or  in  front  of  the  true  focus  of  the  mirrors. 

It  is  very  important  in  searchlight  work  of 
high  type  that  the  mirror  shall  have  a  consist- 
ent curve,  by  which  is  meant  that  it  shall  at 
no  part  of  its  surface  depart  perceptibly  from 
what  the  optical  conditions  require.  When 
it  is  remembered  that  the  light  source  at  the 
focus  is  only  a  moderate  distance,  a  few  inches, 
from  the  mirror,  while  the  reach  of  the  light 
beam  projected  may  be  miles  away,  it  is 
readily  seen  that  we  are,  as  it  were,  working 
on  a  very  short  arm  of  an  extremely  long  lever, 
regarding  the  mirror  surface  as  the  fulcrum. 
The  relation  of  distance  from  focus  to  mirror 
and  from  mirror  to  distant  object  may  be  say 
1  to  .5U0()  or  more.  It  follows  from  this  that 
in  such  cases,  if  the  light  source  be  one  half 
inch  in  diameter  only,  the  least  possible 
spread  of  the  rays  with  perfect  accuracy  of 
mirror  surface  will  be  not  less  than  2U0  feet. 
It  follows  also  that  any  rays  which  are  inac- 
curately reflected  will  either  diverge  from  the 
main  path,  or  converge,  cross,  and  then 
diverge,  a  small  error  in  the  optical  character 
of  the  surface  leading    to  a  highv  magnified 
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error  at  the  distant  point.  Emphasis  is  here 
laid  upon  these  conditions  of  accuracy  to  show 
why  it  is  that  the  processes  of  spinning,  press- 
ing, or  casting  of  metal  mirrors,  often  pro- 
posed, must  be  neglected  in  the  production  of 
large  searchlight  mirrors.  However,  con- 
siderable results  of  promise  are  obtained  by 
methods  which  were  practiced  on  a  small 
scale  by  the  writer  several  years  ago  and  in- 
dependently by  Sherard  Cowper  Cowles  in 
England.  By  the  use  of  a  glass  mould  or 
matrix,  which  by  optical  methods  of  grinding, 
polishing,  and  figuring  has  been  given  the  cor- 
rect form,  we  may  chemically  deposit  on  it  a 
film  of  silver  from  a  solution.  All  mirrors  are 
now  so  made,  where  formerly  they  were  coated 
on  the  back  with  tin  amalgam.  This  silver 
coating,  very  thin  at  best,  is  next  reinforced 
by  the  deposition  of  moire  silver  from  an 
electrolytic  bath.  This  is  again  followed  by  a 
heavy  copper  layer,  or  other  strong  metal  coat- 
ing.   We  now  have  what  is  virtually  a  metallic 


mirror  with  a  glass  front.  Methods  are  now 
applied  to  remove  this  glass  front  or  matrix,  so 
as  to  use  it  for  forming  other  like  mirrors. 

The  copper-silver  deposited  mirror  is,  of 
course,  thin  and  flexible,  and  must  be  given  a 
rigid  backing  and  framing  so  that  it  will  permit 
of  being  mounted  and  used  instead  of  the  glass 
mirror.  It  is,  of  course,  much  less  fragile  and 
far  less  costly  in  time  and  labor  to  produce. 
Moreover,  it  will  bear  much  more  intense 
radiation,  as  it  cannot  crack  as  glass  will  do  if 
subjected  to  too  intense  radiation.  The  silver 
surface  is  automatically  obtained  in  the  high- 
est degree  of  polish  and  accuracy.  It  can  be 
coated  with  a  thin  flowing  of  proper  lacquer  to 
prevent  corrosion  by  the  sulphur  gases  in  the 
atmosphere.  The  progress  recently  made  in 
lightening  the  equipment  and  increasing  the 
facility  with  which  it  can  be  transported  and 
handled  will  in  itself  form  a  most  interesting 
chapter  in  the  development  of  the  modern 
high-duty  searchlight  apparatus. 


The  Development  and  Testing  of  Arc  and 
Incandescent  Searchlights 

By  W.  D'A.  Ryan 

Engineer  Illuminating  Engineering  Laboratory,  General  Electric  Company 

Mr.  W.  D'A.  Ryan,  Engineer  of  the  Illuminating  Engineering  Laboratory,  was  requested  to  contribute 

an  article  to  our  Searchlight  Issue,  but  Mr.  Ryan  let  Mr.  Benford  prepare  the  article  descriptive  of  the  tests 

carried  out  by  this  laboratory,  and  therefore  we  are  able  to  publish  only  the  following  short  memorandum  from 

Mr.  Ryan;  but  at  the  same  time  we  wish  to  state  that  he  was  responsible  for  the  tests  described. — Editor. 


npHE  active  war 
-■-  work  of  the  Illu- 
minating Engineering 
Labortory  dates  from 
January,  1915,  at 
which  time  consider- 
able attention  was 
gJA'cn  to  the  develop- 
ment and  testing  of 
searchlights  for  both 
the  Army  and  the 
Navy.  From  this  time 
until  the  UnitedStates 
entered  the  war,  a 
great  amount  of  work 
had  been  accomplished,  especially  on  high 
power  searchlights.  In  addition  to  this,  the 
Laboratory  was  called  upon  to  make  lighting 
recommendations  covering  an  extremely  wide 
range  of  war  applications,  not  only  in  the  United 
States  and  Canada,  but  at  the  seat  of  war. 

In  May,  1918,  arrangements  were  made  for 
closer  co-operation  between  the  United  States 
Army  and  the  General  Electric  laboratories 
in  the  matter  of  searchlight  development  and 


W.  DA.  Ryan 


testing,  the  actual  developmental  work  being 
assigned  to  the  respective  engineers  at  Sche- 
nectady and  Lynn  in  collaboration  with  army 
engineers  and  others  interested.  This  re- 
sulted in  a  working  arrangement  and  co-opera- 
tion which  could  not  have  been  secured  by  any 
other  means.  While  the  Illuminating  En- 
gineering Laboratory  acted  as  a  clearing  house 
on  reports  and  general  information  pertaining 
to  the  development,  its  primary  work  was  in 
connection  with  the  testing  of  the  various 
units  and  electrodes  as  developed. 

As  this  number  of  the  Review  is  devoted 
to  this  general  subject,  under  various  headings 
and  by  different  authors,  I  shall  not  attempt 
to  go  into  detail  as  to  the  range  and  scope  of 
the  work. 

The  technical  features  of  the  testing  were 
under  the  direction  of  Mr.  F.  A.  Benford,  who 
has  been  associated  with  the  Laboratory  for  a 
number  of  years.  Mr.  Benford  describes  in 
this  issue  the  testing  equipment  of  the  outdoor 
searchlight  range  and  explains  the  uses  to 
which  the  various  apparatus  was  put  and  the 
nature  of  the  different  types  of  tests. 


IN  MEMORIAM 


FREDERICK   CHARLES  TODD 


Frederick  Charles  Todd,  for  many  years 
coiinecteii  with  the  Cjcneral  I'-lectric  Com- 
pany, left  a  host  of  friends  and  warm  admirers 
when  he  died  on  November  10,  191S,  just 
one  day  before  the  armistice  was  signed. 

During  his  long  period  of  service  with  the 
Company  the  positions  he  occu])ied  were 
many  and  varied.  In  November,  ISSS,  he 
entered  the  Expert  Course  at  Lynn  and  a  year 
later  he  was  an  expert  on  "outside  work." 
The  year  1S99  was  one  of  rapid  promotions 
for  Mr.  Todd ;  he  successively  became  travel- 
ing insi)cctor  for  the  Railway  Department, 
salesman  for  the  Railway  Department  at  the 
Home  Oflice,  and  then  was  made  Manager 
of  the  Railway  Department  of  the  North- 
western Thomson-Houston  Company  at  St. 
Paul. 

In  March,  1892,  he  was  appointed  assist- 
ant to  the  First  Vice-President  and  had  his 
office  in  New  York,  and  two  years  later,  in 
1894,  he  was  made  Manager  of  the  Middle 
Atlantic  District  and  moved  his  office  first 
to  Washington  and  afterwards  to  Baltimore. 
He  held  this  latter  position  for  19  years  and 
in  1913  he  resigned  as  Manager  and  was 
detailed  to  special  duty. 

Mr.  Todd  did  not  enjoy  robust  health  and 
in  1916  he  w^as  invalided  from  duty  for  a  year 
by  the  doctor's  orders. 

In  1917  he  was  in  the  saddle  again,  but 
this  time  he  was  serving  his  country,  in  the 
Office  of  the  Naval  Intelligence,  w^here,  al- 
though we  have  no  record,  we  know  he  did 
meritorious  work.  These  activities  took  him 
as  far  afield  as  Canada  and  the  Hawaiian 
Islands  where  he  carried  out  valuable  investi- 
gations for  the  Government. 

The  above  cold  record  of  facts  tells  that 
Mr.  Todd  led  an  active  business  life  and  that 
he    held    many    positions    of    responsibility. 


What  iiis  friends  love  to  talk  about  con- 
cerning the  subject  of  our  memoriam  is. 
however,  the  man  himself,  as  a  lovable  and 
faithful  friend,  as  the  charming  and  afTablc 
host,  and  as  a  companion  never  to  be  for- 
gotten, and,  above  all,  as  an  intense  lover 
of  nature. 

Yes;  Mr.  Todd  loved  nature,  revelled  in 
it,  and  while  he  was  a  busy  man,  he  stren- 
uously refused  to  let  business  be  the  master 
of  his  destinies.  He  mastered  bis  share  of 
business,  made  a  success  of  it,  but,  at  the 
same  time,  he  learned  of  "better  things" 
through  an  intimate  contact  with  nature 
herself.  He  loved  flowers  better  than  ma- 
chines and  congenial  companionship,  in  his 
wonderful  cabin  home,  better  than  dollars. 

Mr.  01i\  ier,  in  the  Baltimore  News,  while 
Mr.  Todd  was  still  alive,  wrote  a  beautiful 
editorial  tribute  to  him.  We  might  write 
much  about  Mr.  Todd,  but  will  refrain  as  we 
cannot  do  better  in  friendship's  name  than 
just  quote  the  concluding  paragraph  of  Mr. 
Olivier's  article,  and  then  leave  the  memor>' 
of  Mr.  Todd  in  the  safekeeping  of  his  friends' 
happy  recollections  of  those  hours  spent  with 
him  in  the  presence  of  nature. 

Mr.  Olivier  said:  "In  the  w-orkaday  world 
we  are  very  prone  to  lose  our  sense  of  pro- 
portion, and  it  is  men  like  "Fred"  Todd  who 
steady  us  when  we  are  about  to  fall  and  help 
us  keep  our  poise.  They  point  out  the  glory 
of  the  hills  and  valleys,  the  romance  and  the 
joy  of  the  great  outdoors,  the  hollowness  and 
dullness  and  oppressive  stupidity  of  downtown. 
While  just  as  keen  and  just  as  aggressive  in 
business  as  any  of  us,  down  in  their  hearts 
they  laugh  at  all  the  struggle  and  turmoil 
and  hot  pursuit  of  unimaginative  wealth. 
Dollars,  after  all,  are  such  ugly  things  beside 
the  first  Arbutus." — J.R.H. 
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The  General  Electric  Company  in  the 
Great  World  War 

PART  III.     SHIP  PROPULSION,  ELECTRIC  HEATING  DEVICES 
AND  SEARCHLIGHTS 

By  John  R.  Hewett 

Editor  General  Electric  Review 

Part  I  of  this  story  appeared  in  our  July  issue  and  told  of  some  of  the  Company's  war  activities  other 
than  research  and  manufacture.  Part  II  appeared  in  the  August  number  and  dealt  with  the  Company's 
research  activities,  including  submarine  detection.  X-ray  work,  the  many-sided  radio  developments,  electric 
welding,  and  notes  on  other  research  work.  In  the  present  issue  we  outline  the  enormous  amount  of  work  the 
Company  did  to  help  the  Government  with  ship  propulsion  equipments  for  cargo  boats,  destroyers,  and  other 
naval  vessels.  Among  the  electric  heating  devices  that  comprise  part  of  the  Company's  war  work  we  deal 
with  the  gun  shrinking  and  heat  treating  furnaces  as  well  as  the  electric  rivet  heaters.  The  section  on  search- 
lights is  short  and  unillustrated,  because  so  much  attention  is  paid  to  this  subject  in  the  other  articles  appear- 
ing in  this  issue. — Editor. 


When  America  entered  the  war  the  whole 
world  realized  that  shipping  was  one  of  the 
most  vital  factors.  With  the  serious  inroads 
that  the  unrestricted  submarine  warfare  had 
made  in  the  mercantile  tonnage  of  both  allied 
and  neutral  nations,  where  were  the  ships  to 
come  from  to  carry  the  American  army,  its 
equipment  and  stores,  as  well  as  to  serVe  the 
enormous  requirements  of  the  allied  nations.^ 

The  government's  gigantic  shipbuilding 
program,  a  truly  American  answer  to  the 
challenge  of  the  enemy,  is  a  matter  of  history 
and  the  part  that  the  General  Electric  Com- 
pany played  to  make  this  program  effective  is 
well  worthy  of  permanent  record. 

To  fulfill  such  gigantic  orders  as  the  Com- 
pany took  would  have  been  a  tremendous  un- 


dertaking in  normal  times  of  peace,  but  to  as- 
sume work  of  such  proportions  in  times  of 
war,  when  machine  tools  were  almost  unpro- 
curable, when  labor  was  scarce,  and  all 
materials  hard  to  obtain  involved  more  diffi- 
culties than  can  be  described.  The  story  of 
how  old  buildings  were  remodeled  and  fitted 
out  as  machine  shops,  how  new  buildings  were 
erected  under  the  most  trying  of  war  condi- 
tions, how  new  machine  tools  were  built  on 
the  spot  when  they  could  not  be  procured 
from  the  outside  and  the  host  of  special  prob- 
lems that  war  work  involved  will  in  all  prob- 
ability never  be  told.  No  one  indi\'idual 
knows  it  all,  and  those  who  know  the  special 
phases  of  this  work  are  too  busy  in  restoring 
the  industry  from  a  war  to  a  peace  basis. 


View  of  Complete  2500-horsepower  Marine-geared  Turbine  Unit 
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Cnrgo  Boat  Equipnunts 

The  reason  fur  tlir  t'uinpaiu-  assiimiuf,'  llie 
I'liomious  orders  llial  they  did  for  )ir<)|)ellinK 
machinery  for  car^jo  boats  is  interestiiijj.  Tlie 
iiuinher  of  ships  and  the  total  loniiaj^'e  of  the 
Ko\-erninenl's  sliii)hiiildinjj  jjroi^ram  was  ali- 
solutoly  fabulous,  esjjecialh'  so  when  it  is  coin- 
pared  with  the  previous  shipi)uildinj^  capacity 
of  American  yards.  The  amount  of  con- 
struction in  every  phase  of  the  work  was  ap- 
Iiallinj;  to  those  responsible  for  its  completion, 
and  all  this  ])roduction  had  to  be  arranged  to 
meet  the  cmerj^ency.  Under  tliese  conditions 
those  responsible  for  the  shiiipinja;  ])roj;ram 
judj^cd  that  the  jjropellini;  equipments  would 
be  the  limiting  feature  and  that  it  would  be 
impossible  for  the  country  to  produce  the  re- 
quired horsepower  in  reciprocating  engines. 


equii)nients  for  the  Emergency  Fleet  Cor- 
poration at  the  earnest  solicitation  of  the 
(lovernment. 

Before  the  war  the  Company's  capacity  at 
the  oulsiile  was  four  2.')()()-horse]Jower  units 
))er  month.  When  the  armistice  was  signed 
they  were  delivering  these  erjuipments  at  the 
rale  of  twenty-nine  per  moiuli.  That  is  to  say, 
that  during  this  jjcriod  they  had  increased  the 
montidy  i.)roduction  seven  times. 

During  the  years  1(117  and  KllS  the  Com- 
pany furnished  the  Government  ajjproxi- 
mately  2()()  geared  turbines  for  the  ijro|)ulsion 
of  cargo  boats.  The  majority  of  these  were  tur- 
bines of  2.")(H)-horsepower  with  the  neceassary 
reduction  gears.  They  were  installed  mostly 
in  .ships  of  75U0  to  12, (KJO-tons  capacity  which 
operated  at  a  speed  of  about  10.5  to  12  knots. 


View  of  same  unit  shown  in  Fig.  1  with  upper  casings  removed.  During  the  war  over  200  of  these  sets  were 
produced  at  the  Schenectady  Works  for  the  various  shipyards  throughout  the  country.  Three  of  the 
largest  buildings  in  the  Plant  were  devoted  to  this  work 


They  therefore  turned  to  those  firms  that  had 
been  producing  other  forms  of  prime  movers. 

The  turbine  was  already  established  as  a 
marine  drive,  but  to  secure  efficient  operation 
from  a  turbine  with  the  slow  propeller  speeds 
of  the  boats  that  the  Government  proposed 
building  and  at  the  same  time  to  secure  the  in- 
herent efficiency  of  the  turbine  at  high  speed 
it  was  necessary  to  adopt  a  gear  reduction. 

The  gear  drive  was  not  new,  the  Company 
having  furnished  a  limited  number  of  geared 
turbines  for  a  matter  of  about  two  years,  but 
they  felt  that  the  experience  gained"  with  this 
class  of  equipment  was  too  small  to  warrant 
assuming  such  immense  orders  if  commercial 
consideration  alone  were  to  govern  their  de- 
cision. Commercial  considerations  did  not 
govern  their  decision  in  war  time  and  the 
Company  assumed  the  heavy  responsibility 
of  building  a  great  number  of  geared  turbine 


This  work  was  all  done  on  special  rush  or- 
ders and  necessitated  very^  extensive  additions 
to  plant.  Buildings,  tools  and  additional 
materials  of  all  kinds  were  required  which  were 
difficult  to  obtain.  The  old  foundry  at 
Schenectady  was  remodeled,  enlarged,  and 
equipped  with  machine  tools,  a  new  foundry 
was  built  and  other  buildings  taken  over  to 
fill  these  contracts,  which  the  Government 
placed  in  a  class  ahead  of  practically  all  the 
other  war  work  the  Company  had  on  hand. 
In  addition  to  these  increases  in  plant  a  large 
new  shop  was  built  for  the  manufacture  of 
gears. 

Gear  cutting  for  marine  purposes  presents  a 
peculiarly  difficult  engineering  problem,  and 
the  Company  being  imable  to  purchase  the 
necessary  machine  tools  in  the  time  required 
undertook  to  build  these  themselves.  It  is 
hard  to  give  the  reader  anv  idea  of  what  this 
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work  involved,  but  it  may  be  interesting  to 
state  that  the  gears  as  used  in  these  equip- 
ments have  to  be  cut  accurately  to  one-thou- 
sandth of  an  inch,  and  that  the  Company  pro- 
duced the  huge  precision  machines  to  perform 
this  difificult  work.  They  also  designed  and 
built  some  huge  horizontal  boring  mills  to 
machine  the  cast-iron  bases  for  the  gears. 
Like  so  much  of  the  war  work,  whole  volumes 
might    be    easily    written    on   the    enormous 


delivered  in  France  as  the  Company's  contri- 
bution during  the  great  shipping  crisis.  This 
was  in  addition  to  the  multitude  of  other  ways 
they  were  contributing  to  the  upbuilding  of 
the  Country's  shipbuilding  industry. 

Some  of  the  orders  for  the  ship  propulsion 
sets  were  cancelled  after  the  armistice  was 
signed,  in  conformity  with  the  government's 
general  policy  on  all  war  material,  but  it  is 
interesting  to  know  that  the  General  Electric 


w  of  the  interior  of  Building  No.  49  at  the  Schenectady  Plant.  Before  the  war  this  was  an  ii 
To  meet  the  war  emergency  for  producing  turbines  and  gears  for  ship  propulsion,  this  building  i 
and  equipped  with  machine  tools,  etc. 


I  foundry. 
s  enlarged 


amount  of  new  work  they  did  in  this  direction 
alone. 

At  the  time  the  armistice  was  signed  the 
Company  had  manufactured  over  200  geared 
turbine  equipraents  for  cargo  vessels,  105  of 
which  were  in  service ;  and  they  had  a  total  of 
579  sets  on  order.  The  vessels  actually  in 
service  equipped  with  the  Company's  turbine 
drive  at  the  time  the  armistice  was  signed  had 
steamed  over  3,400,000  miles,  equal  to  about 
550  round  trips  to  France,  which,  allowing  an 
average  of  8000  dead  weight  tons  of  cargo 
capacity,  represents  4,400.000  tons  of  supplies 


Company  had  assumed  the  responsibility  for 
building  and  had  provided  the  necessary  or- 
ganization, equipment  and  manufacturing 
facilities  to  deliver  no  less  than  1,776,000 
horsepower  of  turbines  for  cargo  vessels  alone. 
It  has  been  stated  that  the  Government 
considered  the  propelling  machinery  as  the 
limiting  feature  of  their  shipbuilding  program. 
It  is  therefore  interesting  to  record  that  the 
Company  never  hindered  the  completion  of  a 
boat  by  non-delivery  of  its  equipment  during 
the  entire  war — with  one  single  exception — 
and  in  that  particular  case  the  boat  was  one 
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Battery  of  84-in.  Gear  Hobbing  Machines 


'  of  84-m.   gear  hobbing  machines,  as  installed  in  Building  No.  35  at  the  Schenect, 
This  large  building  was  erected  specially  for  this  work  during  the  war 
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:  of  the  fabricated  ships  built  by  Hog  Island.     This  ship  i 
2500-horsepower  ship  propulsion  units  shown  in  other  vie 


month  ahead  of  its  schedule.  At  the  time  the 
armistice  was  signed  the  Company  had 
propelling  equipment  awaiting  boats  in  every 
yard  they  were  supplying. 

The  need  for  ship  propulsion  equipments 
was   so   imperative   that   even   after   placing 


enormous  orders  with,  practically  speaking, 
every  Company  who  could  produce  equip- 
ments, the  Government  was  looking  for  yet 
more  facilities  for  production  and  approached 
the  General  Electric  Company  on  the  subject 
of   electric    propulsion.     The    Company    had 


The  Company  undertook  a  great  deal  of  educational  work  during  the  war.  This  view  shows  a  class  of  officers  at  the 
Schenectady  Works  from  the  U.  S.  Naval  School  of  Turbine  Engineering,  who  were  given  intensive  training  relative 
to  the  design,  care,  and  operation  of  turbines,  gears,  and  electric  apparatus  as  used  aboard  ships.  Four  hundred 
and  ten  engineers  have  graduated  from  the  classes  at  these  Works 
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already  liad  certain  experience  in  this  work  and 
at  iirst  were  asked  if  they  coidd  deliver  Kill 
equipments.  The  Company  was  actually 
asked  to  build  oil  electric  shij)  ])roi)ulsinn 
equii)nients.  This  numl)er,  however,  was  re- 
dviced  when  the  armistice  was  sijjned.  liach 
of  these  vessels  was  to  have  a  sinjjle  screw 
driven  by  a  .'UlOd-horseiJowcr  motor.  The 
operation  of  these  electric  equipments  will  be 
watched  with  keen  interest  by  the  shi])pinK 
world,  as  there  are  many  who  look  for  a 
brilliant  future  for  the  electrically  propelled 
ship. 

Owing  to  the  tremendous  number  of  new 
vessels  placed  in  service  during  the  war  it  was 
impossible  to  obtain  a  sufficient  number  of 
trained  marine  engineers  who  had  had  any 
experience  \\'ith  turbines  to  operate  these 
boats.  This,  of  course,  often  led  to  the  equip- 
ments being  operated  by  inexperienced  men 
and  the  Company  was  called  upon  to  do  much 
work  in  the  way  of  small  repairs  and  in- 
spections which,  in  normal  times,  might  have 
been  performed  b}-  the  engineers  of  the  boats 
or  by  the  ship  owners  themselves.  In  order 
to  deal  with  this  phase  of  the  work  effectively 
and  to  prevent  interruption  in  ser\'ice,  the 
Company  organized  and  maintained  a  very 
thorough  system  of  inspection  where  all  ves- 
sels equipped  with  the  Company's  machinery 
were  inspected  at  regular  intervals. 


This  urgent  neetl  for  trained  men  also  led 
the  Company  to  conduct  two  training  courses 
for  training  marine  engineers  in  the  operation 
of  their  machinery.  One  of  these  courses  was 
of  a  month's  duration  and  was  inteniled  for 
the  chief  engineers  of  the  Kmcrgency  Fleet. 
These  men  were  given  a  Cf)urse  of  lectures  and 
instructions  suflicient  to  make  them  familiar 
with  all  rletails  of  the  (operation  and  main- 
tenance of  the  turbine  equipments.  The 
second  of  these  courses  was  of  two  weeks' 
duration  and  was  for  naval  officers  from  the 
U.  S.  Xaval  School  of  Turt)ine  Engineering  at 
Pittsburgh.  Officers  came  from  this  school  to 
Schenectady  at  the  rate  of  20  a  week  and  were 
given  one  week  of  intensive  engineering  and 
one  week  was  devoted  to  electrical  subjects 
having  particular  reference  to  the  electric 
pro]ndsion  of  shijis. 

Ship  Propulsion  Equipment  for  Naval  Vessels 

Over  and  above  the  1,770,000  horsepower 
of  ship  propulsion  machinery  that  the  Com- 
pany was  providing  for  cargo  vessels  they 
were  either  building  or  had  built  no  less  than 
2,3U0,UU0-horsepower  of  ship  propulsion  ap- 
paratus for  naval  vessels.  These  included 
equipments  for  propelling  battleships,  battle 
cruisers,  and  destroyers. 

Literally  volumes  might  be  written  on  this 
work,    but    we   can   onlv   mention   the  most 


Ninety-four  of  these  propulsion  units  for  the  35-knot  torpedo  boat  destroyers  were  built  by  the  General  Electric  Com- 
pany after  the  United  States  entered  the  war.  Each  unit  consists  of  a  cruising  and  a  main  turbine  of  the  Curtis 
type  and  a  speed  reduction  gear  of  the  flexible  disk.  Alquist  type 


732     September,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  9 


■  of  Building  No.  5  at  Erie 


important  work  here  very  briefly.  The  April 
issue  of  the  General  Electric  Review  was 
devoted  to  a  description  of  the  battleship 
New  Mexico  and  her  equipment. 

Destroyer  Equipments 

One  of  the  most  important  contracts  that 
the  Company  undertook  during  the  war  was 
the  propelling  equipments  for  40  destroyers. 
They  had  already  a  contract  for  six  such 
equipments,  making  a  total  of  46  in  all.  This 
contract  was  let  in  October,  1917,  and  the  first 
equipment  was  delivered  in  August,  1918. 


Each  equipment  consisted  of  two  geared 
turbines  of  13,500  horsepower  each  and  one 
cruising  turbine  of  800  horsepower,  giving  a 
total  ship  horsepower  of  27,800.  These 
destroyers  are  approximately  300  ft.  long  and 
are  of  1200  tons  displacement.  Their  speed 
is  35  knots. 

The  building  of  these  equipments  was  an- 
other rush  war  order  on  which  the  Govern- 
ment asked  the  Company  to  give  first  pref- 
erence. The  turbines  were  designed,  new 
buildings  were  erected  and  equipped  with 
tools,   jigs,    and   dies;   patterns   and   gauges 


Interior  Vic 
The  Erie  Plant  wa; 
no  floors  or  equipment. 
ship  propulsion  sets 


V  of  Building  No.  5  at  Erie,  showing  the  Testing  Stands  for  the  Torpedo  Boat  Destroyer  Equipments 
very  busy  on  war  work.     At  the  time  America  entered  the  war  the  above  building  was  only  half  built;   it  had 
It  was  completed  in  record  time  for  the  purpose  of  building  equipments  for  torpedo  boat  destroyers  and  other 
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were  niadi',  labor  provided  and  houst'd  all  in 
recortl  time.  This  worlc  was  done  at  I'-ric 
where  no  Uuhincs  had  previously  been  Imill. 

Other  Ship  Propulsion  for  the  Navy 

Of  the  large  naval  vessels  that  the  Company 
was  huildin};  e(|uiinnenls  for  we  shall  hope  to 
write  more  at  a  later  date,  but  it  is  interesting^ 
to  know  that  each  of  the  four  battle  cruisers 
that  the  Com]iany  was  building  electric  drive 
for  required  electric  motors  with  a  total 
capacity  of  ISO, 000  horsepower  and  turbo 
generators  with  a  total  capacity  of  I-J2,40() 
kilowatts,  and  that  each  of  the  four  battleship 
equipments  called  for  electric  motors  of 
30,000  horsepower  and  that  the  cruisers  each 
required  90,000  horsepower  geared  turbines. 
Some  of  these  equipments  had  been  ordered 
before  America  entered  the  war. 

There  seems  to  be  a  brilliant  future  for  elec- 
tric propulsion  for  war  ships.  The  Company 
designed  and  built  the  entire  electrical  equip- 
ment for  the  A'ew  Mexico,  the  most  successful 
battleship  afloat.  A  complete  description 
has  appeared  in  the  Review,  so  we  shall  con- 
fine our  remarks  here  to  quoting  Secretary 
Daniels'  remarks  before  the  House  of  Naval 
Affairs  Committee. 

The  Secretary  read  the  following  statement 
in  connection  with  his  discussion  of  electrically 
driven  ships; 

"I  recently  paid  a  \-isit  to  the  battleship 
New  Mexico,  which  is  the  latest  dreadnought 
to  join  the  fleet  and  the  first  and  only  one  of 
any  nation  to  have  electrically  operated  pro- 
pelling machinery.  On  this  account  she  has 
been  an  object  of  surpassing  interest  to  the 
officers  of  our  own  navy  and  to  those  of 
foreign  na\'ies  as  well,  and  to  electrical  en- 
gineers in  general. 

"When  we  decided  to  equip  the  capital  ships 
of  the  1916  programme  with  electric  drive  it 
was  represented  that  we  were  making  a  great 
mistake.  I  did  not  regard  it  as  an  experiment 
for  we  were  in  the  fortunate  position  of  being 
the  onh'  nation  that  had  had  any  experience 
with  this  system  of  propulsion,  and  that  ex- 
perience was  of  such  a  satisfactory  character 
that  it  would  have  been  unpardonable  if  we 
had  not  profited  by  it  to  the  fullest  extent 
possible. 

"The  machinery  was  designed  to  develop 
26,500  horsepower  at  full  speed,  which  it  was 
expected  would  give  the  ship  a  speed  of  21 
knots.  She  actually  developed  more  than 
31,000  horsepower  and  maintained  for  four 
hours  a  speed  of  213^^  knots,  and  this  when 
running  at  a  displacement  1000  tons  greater 


than  her  design  called  for.  If  she  had  been 
tried  at  her  designed  displacement,  as  is  cu.s- 
tomary  with  all  new  ships,  she  would  have  made 
2!.')  knots  without  any  Irouljle,  and  what  is 
still  belter,  she  could  have  kept  uj)  this  sinrcd 
as  long  as  her  fuel  lasted. 

"When  we  entered  into  contract  for  the 
machinery  of  the  New  Mexico,  we  stipulated 
that,  in  addition  to  being  capable  of  develop- 
ing the  maximum  power,  it  should  also  give 
an  economy  at  cruising  speed  very  much 
superior  to  that  obtainable  with  the  turbine 
installations  that  we  had  previously  used,  and 
I  am  happy  to  say  that  this  stringent  require- 
ment was  also  met.  As  a  matter  of  fact,  the 
New  Mexico  will  steam  at  10  knots  on  about 
25  per  cent  less  fuel  than  the  best  turbine  ship 
that  preceded  her. 

"On  the  whole,  I  think  the  countrj'  has 
cause  to  be  proud  of  this  achievement  in  en- 
gineering, not  alone  because  of  the  pronounced 
success  in  this  particular  instance,  but  be- 
cause of  the  assurance  it  gives  us  of  the 
superiority  of  our  capital  ships  to  those  of 
foreign  nations." 

Electric  Heating  Devices 

Among  the  numerous  electric  heating  de- 
xrices  which  the  Company  developed  and 
which  played  their  part  in  helping  to  win  the 
war,  some  were  really  spectacular.  They 
reached  all  the  way  from  the  gigantic  electric 
furnaces  for  gun  shrinking  to  such  novelties 
as  electrically  heated  suits  to  keep  axnators 
warm  miles  up  in  the  air;  they  include  the 
electric  rivet  heater  to  help  the  shipbuilder 
and  the  heating  units  for  submarines  when 
travelling  in  the  depths  of  the  sea;  cooking 
ranges  for  naval  puposes  and  a  host  of  even,-- 
day  de\'ices  were  produced  in  large  quantities. 
Like  many  of  the  Company's  war  acti\4ties. 
we  can  only  touch  on  some  of  the  most  inter- 
esting if  we  are  to  confine  our  remarks  to  rea- 
sonable limits. 

Electric  Furnaces  for  Gun  Shrinking 

Early  in  1917  the  Company  sold  its  first 
large  gun  shrinking  furnace  to  a  munition 
manufacturer  and  was  thus  helping  the  allied 
cause.  When  America  entered  the  war  this 
type  of  furnace  was  endorsed  by  the  Govern- 
ment and  a  furnace  seven  feet  in  diameter  and 
no  less  than  90  feet  in  depth  w-as  made  by  the 
Company  for  the  Washington  Xa\-j-  Yard. 
During  the  period  of  the  war  about  30  of 
these  furnaces  have  been  buUt  in  Schenectady 
and  sold^to  the  American  and  French  Govern- 
ments. — '• 
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Two  \tT\-  iniporlaiil  (i])i'nili()ns  in  huildinj,' 
j^uiisaro  till'  pniper  heat  trcalmcnl  of  llu'  forj^- 
iiijjs  ami  lliu  proper  shrinkage  of  the  dilTereiit 
layers  that  compose  the  hiiilt-up  ^;uii,  ami 
should  this  work  he  done  inii)roi)erly  it  leads 
to  a  considerable  loss  of  time,  labor  and 
material.  Formerly  the  furnaces  used  for 
these  ])urposes  were  heated  by  k^'J^  <'•"  oil  fi'i'l 
it  was  hard  to  secure  anythinj,'  like  an  even 
distribution  of  heat  and  a  constant  tempera- 
ture. Also  it  was  hard  to  prevent  the  oxida- 
tion or  scalinj:;  of  the  gun  forpu}^. 

The  de\-elopment  of  the  electrical  heated 
furnace  has  done  awa>-  with  these  difliculties 
and  has  eleminatcd  the  rejection  of  many 
sjjoiled  parts. 

The  {j;un  shrinkinj^  furnaces  de\-eloiied  by 
the  Company  vary  iti  size  from  a  'M  kw.  unit 
which  is  42  in.  in  diameter  and  six  feci  in  de|)th, 
used  for  heatinj^  breech  blocks,  to  the  great 
1  ()t)0  kw.  furnaces  which  are  se\'en  feet  in  diame- 
ter and  are  90  feet  in  depth.  These  monsters 
are  used  for  assembling  the  huge  modern 
rifles  which  have  been  so  aptlj^  termed  the 
teeth  of  the  navy. 

The  largest  of  these  great  furnaces  weigh 
about  220  tons  and  its  transportation  is  just 
one  of  those  items  that  has  helped  to  make 
some  of  the  Company's  war  developments 
difficult,  if  interesting. 

The  transportation  of  a  single  furnace  re- 
quired nine  flat  cars  and  it  was  necessary  to 
use  a  special  routing  for  the  shipment  and  to 
obtain  guarantees  from  the  railroad  com- 
panies, as  the  size  of  some  of  the  individual 
parts  were  greater  than  all  the  standard  rail- 
road clearances. 

One  of  these  large  electric  furnaces  consists 
of  1728  heating  units,  and  no  less  than  6J--2 
miles  of  metallic  resistance  ribbon  are  used  in 
its  construction.  The  material  used  as  heat 
insulation  was  shipped  from  California  to 
Schenectady  in  carload  lots. 

The  work  that  these  furnaces  performed 
played  such  an  important  part  in  speeding  up 
war  production,  and  there  is  so  much  interest 
in  the  fact  that  such  work  is  now  done  on  the 
largest  scale  electricalh^  rather  than  by  the 
older  methods,  that  a  few  further  facts  about 
these  giant  furnaces  and  their  work  should 
interest  the  reader. 

As  is  quite  commonly  known  modern  field 
guns  and  naval  guns  are  built  up  by  shrinking 
together  accurately  machined  tubes  or  hoops 
to  give  the  required  strength  and  the  special 
initial  tension  characteristics  necessary  to 
withstand  the  enormous  force  of  the  explosive 
charge  and  drive  the  projectile.     To  do  this 


work  successfully  and  to  obtain  the  same  rc- 
.sult  many  successive  limes  it  is  essential  to 
have  the  temperature  under  iierfect  control. 
It  is  usual  in  this  work  to  hold  a  uniform  lem- 
l)erature  of  about  SOO  degrees  Fahr.  over  the 
entire  length  of  the  furnace  so  as  to  heat  and 
expand  the  hoops  and  jackets  evenly.  If 
these  conditions  are  not  obtained  these  j;arts 
will  not  shrink  i)ro])erly  over  the  tube  and  it 
may  become  necessary  to  cut  them  off  in  a 
lathe  because  they  have  stuck  in  the  wrong 
jjlace.  This  wastes  lime  and  labor  and  hinders 
])roduction. 

Electrically  heated  furnaces,  with  their 
simple  direct  means  of  temperature  control, 
offer  the  best  known  means  of  obtaining  uni- 
form distribution  of  heat  over  long  surfaces,  as 
the  heating  elements  are  distributed  evenly 
over  the  entire  inner  surface.  As  these 
furnaces  are  built  up  in  a  cylindrical  form, 
the  tube  can  be  placed  concentrically  in  the 
furnace  and  heated  evenly  all  over  by  direct 
radiation. 

The  efficiency  of  the  electric  furnace  is 
astonishingly  high,  as  there  are  no  waste 
gases  to  be  got  rid  of  and  to  carry  a  large  part 
of  the  heat  away  with  them.  There  is  no  ten- 
dency to  oxidation  in  an  electric  furnace  and 
no  baffles  are  needed. 

All  of  these  electric  furnaces  of  one  given 
diameter  are  built  up  of  interchangeable  parts 
each  complete  in  itself  so  that  a  furnace  of  any 
depth  can  be  made  by  joining  the  desired  num- 
ber of  standard  units. 

Each  section  consists  of  a  steel  frame  which 
houses  the  heating  elements  and  each  of  these 
elements  is  made  up  of  a  flat  ribbon  of  a 
metallic  resistor  material  wound  on  its  in- 
sulated support.  The  temperature  control  is 
affected  by  two  thermo  couples,  the  leads 
from  these  going  to  the  solenoid  operated  re- 
mote control  switches. 

The  operator  sits  comfortably  at  his  cen- 
tral control  desk  with  his  voltmeter  heat 
measuring  instruments  and  switches,  etc.,  in 
front  of  him  and  can  control  the  heat  in  any 
part  of  his  furnace  without  moving. 

Electric  Heat  Treating  Furnaces 

The  making  of  large  guns,  as  may  well  be 
imagined,  is  a  highly  specialized  art  and  the 
correct  heat  treatment  of  the  forgings  is  a 
science  in  itself.  These  diiTerent  processes 
are  now  performed  electrically,  the  Company 
ha\-ing  developed  electrically  heated  furnaces 
for  this  purpose.  Some  of  these  furnaces  will 
handle  as  many  as  twelve  gun  tubes  or  jackets 
at  one  time. 
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Typical  Installation  of  Four  Furnaces  with  Quenching  Tank 


Automatic  Control  Board  for  Installation  Shown  Above 

Resistance  furnaces  for  heat-treating  gun  forgings.  Some  of  the  advantages  of  this  type  of  furnace  are 
the  sensitive  and  accurate  temperature  control,  assuring  a  uniform  product,  cleanliness,  the  absence 
of  products  of  combustion  and  noise  and  the  small  amount  of  labor  required  for  operation.  Only  one 
man  is  required  to  operate  the  installation  of  four  furnaces  shown  above 
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As  has  so  often  bt-c-n  the  case  in  oilier  fields 
of  industry  when  onee  Ihe  job  has  been  done 
electrieally,  the  new  method  has  ])roved  itself 
superior  to  all  older  methods,  and  this  fael  can 
praclieally  always  be  traeed  lo  the  perfeel  con- 
trol under  which  electrical  ener|^>'  can  l)e  held. 

Oil  burners  which  were  so  exten- 
sively used  in  these  processes  have  a 
very  hiph  fuel  value,  but  the  use  of 
electrically  heated  furnaces  had  in- 
troduced refinements  in  manufacture 
which  were  impossible  with  oil  or  pas. 

Oil  furnaces  can  have  at  best  onh- 
relatively  few  burners,  while  the  inside 
of  the  electric  furnace  is  covered  uni- 
formly with  the  heatinj;  elements  all 
giving  out  an  equal  number  of  heat 
units  and  therefore  assuring  the  uni- 
fomi  distributit)n  of  heat  so  essential 
in  getting  constant  results  in  the  fin- 
ished products. 

An  important  war-time  considera- 
tion is  that  the  labor  costs  for  opera- 
ting electric  furnaces  is  very  small, 
owing  to  the  perfection  of  the  auto- 
matic control,  and  the  maintenance 
cost  is  practically  nil  as  the  materials 
used  do  not  suffer  from  abrasion  or 
deterioration. 

These  furnaces  operate  at  a  thermal 
efficiency  of  from  72  to  S2  per  cent, 
depending  on  conditions.  Such  an 
efficiency  is  extraordinarily  high  for 
a  furnace  of  this  nature.  Furnaces 
of  this  type  can  be  used  for  a  variety 
of  both  war-time  and  peace-time  pur- 
poses, the  annealing  of  steel,  brass  or 
copper  strip  or  tubing,  the  baking  of 
porcelain  and  enamel  and  the  anneal- 
ing of  glass  all  coming  within  their 
field  of  usefulness. 

Vic^ 
Electrically  Heated  Furnaces  for  Shells 

The  number  of  shells  of  all  calibres 
made  during  the  war  is  prodigious  and 
the  difficulties  met  in  their  production  are 
legion .  Early  in  the  war  many  manufacturers 
assumed  contracts  for  their  production,  only 
to  learn  later  that  a  shell  is  by  no  means  an 
easy  thing  to  make  or  a  good  manufacturing 
proposition  unless  the  art  of  making  them  is 
thoroughly  understood.  Many  were  surprised 
to  learn  that  a  shell  to  fulfill  the  conditions  of 
accurate  flight  must  be  made  as  accuratelv  as 
the  parts  of  a  watch ;  that  the  fuse  which  had 
been  developed  to  explode  at  the  exact  in- 
stant was  a  most  complicated,  but  highly  de- 
veloped mechanism,  and  that  the  tempering 


of  a   shell   demands  exlraordinarv  care  and 
skill. 

The  C'omi)any  <leveloi)ed  specially  elec- 
trically heated  furnaces  for  the  heat  treatment 
or  hardening,  of  shells  and  as  the  war  pro- 
gressed the  need  for  these  became  more  im- 


'  showing  gun  being  quenched  after  removal  from  electric  furnace 

perative  to  the  shell  manufacttrrer,  if  he  was 
to  eliminate  the  great  nvunber  of  rejected 
shells  at  the  pro\'ing  ground  and  avoid  the 
consequent  waste  of  time,  labor  and  material 
which  was  seriously  affecting  production. 

How  important  the  proper  heat  treatment 
of  shells  is  is  hard  to  emphasize,  but  it  should 
be  noted  that  a  shell  does  not  strike  its  target 
straight,  but  at  an  angle,  and  that  there  is  a 
tendency  for  one  of  two  things  to  happen: 
either  the  nose  vrill  flatten  and  the  shell  slide 
off,  or  if  the  nose  is  hard  enough  to  pierce  the 
object,  the  shell  will  shear  off  in  the  middle. 
It  has  been  found  that  to  make  a  shell  more 
effective  it  should  not  have  the  sam-e  degree  of 
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hardness  throughout  its  length,  but  that  the 
nose  should  be  more  elastic.  These  conditions 
were  hard  to  obtain,  as  each  part  of  the  shell 
had  to  be  treated  at  a  diiferent  temperature, 
ranging  from  1300  degrees  F.  to  1650  degrees 
F.,  and  not  only  must  each  section  be  treated 


Outline  of  Resistance  Furnace  for  the  heat-treating  of  gun  forg- 
ings,  showing  gun  in  position.  A  number  of  guns  can  be 
treated  simultaneously  in  t 


at  a  different  temperature,  but  each  tempera- 
ture must  be  controlled  to  within  a  few  de- 
grees very  accurately. 

The  Company,  in  connection  with  shell 
manufacturers,  developed  an  electrical  furnace 
to  meet  these  exacting  conditions;  it  is 
divided  into  zones  by  metal  diaphragms  and 


the  shell  is  placed  in  the  furnace  nose  down, 
being  secured  by  a  shaft  and  special  clamp  at 
the  butt.  The  diaphragms  are  one  inch  thick 
with  a  hole  in  the  center  just  large  enough  to 
take  the  shell  and  to  prevent  the  flow  of  heat 
from  one  zone  to  another.  It  is  possible  in 
this  way  to  obtain  a  difference  of  temperature 
between  adjacent  zones  of  about  300  degrees 
F.  Each  zone  has  its  own  heat  unit  and  auto- 
matic temperature  control.  The  Companv 
developed  several  different  types  of  heat 
treating  furnaces  for  shells,  such  as  one  zone, 
two  zone,  and  three  zone  furnaces,  and  it  is  a 
satisfaction  to  think  that  this  materially 
helped  the  country  in  the  efficient  production 
of  this  all-important  war  material. 

Electric  Rivet  Heaters 

The  imperative  necessity  of  speeding  the 
production  of  ships  was  well  recognized  and 
the  present  means  of  heating  rivets  by  coke, 
oil  or  gas  was  known  to  be  far  from  satisfac- 
tory, so  the  Company  developed  electric  rivet 
heaters  which  were  more  economical,  easy  to 
handle  and  more  portable  than  the  old  devices. 
The  electric  heater  heats  the  rivet  uniformly 
which  is  conducive  to  a  better  upsetting  of 
the  rivet.  It  is  interesting  to  note  that  among 
the  electric  rivet  heaters  supplied  by  the  Com- 
pany during  the  war  a  number  were  furnished 
to  Mr.  Henry  Ford  to  be  used  in  building  the 
Eagle  Boats. 

Searchlights 

Since  its  invention  the  searchlight  has 
played  an  important  part  in  every  war,  both 
for  naval  and  military  purposes.  The  radical 
difference  between  this  and  all  previous  wars, 
not  only  in  the  changed  methods  of  field  opera- 
tion, but  those  introduced  by  the  introduction 
of  the  submarine  and  the  air  service,  have 
given  the  searchlight  an  importance  very 
much  greater  than  ever  before. 

The  searchlight  played  a  most  important 
part  in  aerial  defence.  This  service  called  for 
equipments  designed  to  permit  the  elevation 
of  the  beam  through  the  zenith;  and  the  num- 
ber and  efficiency  of  the  searchlights  employed 
proved  to  be  a  direct  measure  of  the  immunity 
of  towns  from  aerial  bombardment. 

During  some  of  the  great  offensives  it  was 
found  that  light  weight  and  mobility  were  most 
important  factors.  Man}^  searchlights  were  lost 
owing  to  their  immobility  and  the  consequences 
were  hesLvy  casualties  due  to  night  bombing  be- 
hind the  lines,  including  hospitals. 

The  naval  requirements  were  more  severe 
in  this  war  than  ever  before.    Searchlights  on 
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destroyers  and  chasers  for  eonil)atinj;  sul)- 
marines  must  ojjerate  satisfaelorily  under  all 
conditions  of  weather  and  for  this  service 
extremely  accurate  mechanical  control  was 
also  fiumd  necessary. 

Early  in  Htlf)  the  (^ompany  had  bejjun  the 
development  of  the  Hij;h  Intensity  Search- 
light which  was  ahoul  live  times  as  ])owerful 
as  the  old  style  li^jht.  It  will  surely  astonish 
some  readers  to  learn  that  the  oUl  st\'Ie  (10- 
inch  searchliKhl  j^ave  almost  7."),()(»(),(l(l()  beam 
candle-power,  but  does  it  really  convey  much 
to  his  mind  to  be  told  that  the  new  (iO-inch 
searchlight  gives  2o(), ()()(), ()()()  beam  candle- 
jiower?  It  would  be  uninteresting  to  cite  a 
list  of  all  the  searchlights  that  the  Company 
produced  for  war  purposes,  but  the  following 
notes  on  some  of  the  most  imjiortant  may  be 
of  some  interest  to  the  reader : 

One  hundred  and  sixty  high  intensity 
searchlights  w^ere  made  with  parabolic  glass 
mirrors  five  feel  in  diameter.  One  hundred 
and  seventy  .')(i-inch  high  intensity  search- 
lights were  made  for  mounting  on  four- 
wheel,  rubber-tired  trucks.  The  current  for 
these  lamps  is  furnished  by  a  generator 
mounted  on  a  large  platformed  auto  truck  on 
which  the  searchlight  with  its  own  small  truck 
is  transported.  These  portable  equipments 
proved  very  efTecti\-e  in  anti-aircraft  work. 

Three  hundred  searchlights  of  the  2-l:-inch 
type  were  made  for  naval  ser\dce,  being 
designed  especially  to  meet  the  new  war 
conditions.  Practically  all  these  searchlights 
were  used  on  destroyers. 

For  the  Emergency  Fleet  Corporation  the 
Company  made  500  low  intensity,  IS-inch 
searchlights  and  500  running  light  telltale 
boards,  as  well  as  500  blinker  light  signal 
controllers,  and  in  addition  to  these  a  large 
number  of  incandescent  signalling  search- 
hghts  were  manufactured  for  naval  use. 

The  development  work  done  in  searchlights 
alone  was  enormous  and  the  promptness  with 
which  radically  new  equipments  were  pro- 
duced reflects  great  credit  on  those  responsible 
for  this  work.  To  cite  one  example  of  this  de- 
velopment work: 

The  first  00-inch  searchlight  sent  abroad 
with  the  American  Expeditionary  Force 
weighed  nearly  6000  pounds,  and  the  com- 
bined power  plant  and  truck  made  a  total 
weight  of  about  1 1  tons,  and  a  large  squad  of 
men  were  required  to  Handle  a  single  search- 
light equipment.  It  should  be  noted  that 
these  searchlights  were  originally  designed  and 
btiilt  for  sea  coast  defense,  and  therefore,  were 
intended  for  installation  in  heavy  permanent 


cmi)laci'nieiUs.  I'oT  this  service,  the  ([ueslion 
of  weight  was  practically  of  no  imijorlance, 
and  the  use  of  these  lights  for  portal>le  fluty 
was  simi)ly  a  makeshift;  it  was  absolutely 
necessary  to  sajJiJly  portable  searchlights  in 
the  shortest  possible  time. 


Outline  of  Resistance  Furnace  for  heat-treating  shells 
showing  diaphragm  dividing  furnaces  into  zones  so 
different  hardnesses  can  be  obtained  on  different 
parts  of  the  shell 

Soon  after  America  became  actively  en- 
gaged in  the  war,  certain  searchlight  observers 
were  sent  to  this  country  to  present  the  facts 
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and  obtain  searchlights  which  would  meet 
modern  warfare  requirements.  It  was  de- 
termined that  a  large  number  of  extremely 
light,  high  power,  mobile  units  would  effec- 
tively check  the  enemy's  bombing  operations. 


A  Simple  Form  of  Induction  Device  for  Heating  Rivets 


Soon  after  the  above  requirements  were 
known,  the  Company's  engineers  suggested 
that  the  special  Hght  weight,  high  power,  60- 
inch  light  be  designed,  using  aluminum  to  re- 
duce weight.  It  will  be  noted  that  an  en- 
tirely successful  60-inch  drum-type  search- 
light of  this  type  was  later  supplied  to  the 
army,  using  the  rather  heavy  foui'-wheel 
truck,  originally  designed  for  the  hea\T.-  units, 
and  this  complete  equipment  weighed  less  than 
ISOO  pounds.  Severe  tests  proved  that  this 
design  would  meet  all  conditions  of  service. 

After  a  general  conference  at  Washington 
between  the  Engineers  of  the  General  En- 
gineer Depot  of  the  L'.  S.  Armv  and  the  En- 


gineers of  the  General  Electric  Company, 
when  the  army  engineers  thought  that  the 
barrel,  front-door  glass  and  many  other  parts 
could  be  eliminated,  it  was  decided  to  de- 
velop a  searchlight  with  a  60-inch  metal 
mirror  which  would  not  weigh  more  than 
1000  pounds  with  a  very  much  simplified 
hand-feed  mechanism.  This  development 
work  was  done  at  Lynn,  and  the  work  was 
pushed  so  actively  that  in  a  little  over  a  month 
a  complete"  equipment  was  ready  for  exhibi- 
tion. A  much  smaller  30-inch,  high  power 
searchlight  with  a  tripod  mount  was  con- 
sidered necessary  by  the  army  engineers, 
where  extreme  portability  was  required,  and  a 
searchlight  of  this  type  was  designed  and 
built  at  Schenectady,  mth  a  ver^^  simple  and 
rugged  feeding  mechanism.  It  might  be  in- 
teresting to  note  this  entire  unit  weighed  only 
225  pounds. 

The  difficulties  encountered  in  development 
work  of  this  nature  under  war  conditions  are 
hard  to  appreciate.  The  silvered  glass  para- 
bolic mirror  is  one  of  the  essential  features  of  a 
searchlight.  Such  mirrors  must  be  made  of 
low  absorption,  heat  resisting  glass,  ground 
with  extreme  accuracy  and  carefully  silvered. 
The  successful  development  of  metal  mirrors 
as  large  as  60  inches  in  diameter  is  not  only 
an  interesting  and  notable  accomplishment  in 
itself,  but  should  lead  to  a  distinct  advance  in 
the  searchlight  arts. 

The  LA-nn  factory  also  developed,  in  con- 
junction with  the  L''.  S.  Army  Engineers  and 
the  Cadillac  Motor  Car  Company,  a  unit  for 
carrying  these  portable  searchlights.  These 
equipments  were  so  arranged  that  the  same 
engine  was  used  for  driA-ing  both  the  truck  and 
the  generator,  which  was  of  15-kw.  capacity. 
Ninety  such  equipments  were  on  order  when 
the  armistice  was  signed  and  have  since  been 
delivered.  The  Company  had  also  undertaken 
to  develop  a  50-kw.  equipment  suitable  for  an 
American-La  France  chassis. 

To  test  the  mobility  and  strength  of  the 
newly  built  Cadillac  unit  a  6000-mile  test 
was  run  between  LATin  and  the  west  coast  of 
Florida  and  back.  There  was  a  good  deal  of 
road  between  Washington  and  Florida  that 
was  almost  impassible  and  on  some  days  less 
than  25  miles  were  covered,  but  no  serious  diffi- 
culties were  encountered  with  any  parts  of 
the  machine,  and  the  lamp  was  carried  over 
ground,  which  it  is  felt  could  not  have  been 
traversed  by  the  earlier  heavy  weight  units. 

(7^  be  Cotjtinued) 
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For 
Fractional  H.P.  Motors 

The  factor  of  safety  of  a  motor  or  motor  driven  i 
chine  is  no  higher  than  the  factor  of  safety  of  the 
weakest  part  entering  into  its  construction.  Whirh 
dictates  the  necessity  for  a  fine  balance  of  quali' / 
throughout,  and  emphasizes  the  fact  that  no  part  is  i 
"minor  part." 


The  proved  service  capacity  of  "NORfflfl" 
equipped  motors — their  high  factor  of 
safety  to  which  the  "NORfflfl"  factor  of  safety 
contributes  bearing  dependabiHty — have 
made  them  to  be  the  accepted  standards 
in  machines  in  which  maximum  service- 
ability is  the  dominant  idea. 

Be  SAFE 

See  that  your  Motors  are 
"HSBafl'  Equipped 
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THE  VALUE  OF  RESEARCH 

It  is  befitting  thai  a  story  on  lamps  should  <>f  nature  learnedly  and  literature  flourished, 

shed  some  lif:;ht  on  our  story  of  human  proj;-  hut  experimental  science  had  not  been  born, 

ress.     Mr.  Morrison's  article,  written  around  Then   the   dark   ages   came    (those   years   of 

the  report   of  the   Lamp   Committee  of  the  barbarian  invasion  and  conquest) ;  the  world 

National  Electric  Light  Association,  with  its  moved  backward  rather  than  for%\'ard.     We 

accompanying   tables,    tells   those   who   will  could  expect  no  advances  then  and  we  cer- 

spend  the  time  to  study  it  a  more  encour-  tainly  got  none.     The  next  real  step  came  in 

aging  story   of  human   progress  than  many  the  reign  of  Queen  Elizabeth  when  Gilbert 

books  written  to  extol  the  genius  of  man  and  published  his  famous  book,  "De  Magnete,"  in 

his  mastery  over  the  resources  of  nature.     A  the    year    lUOO.       Indeed,    so    marked    was 

sermon  might  well  be  preached  taking  Table  I  Gilbert's  work  that  it  can  be  considered  as 

in  this  article  as  the  text.  having  given  birth  to  our  modern  science  of 

In  1907  the  domestic  sale  of  incandescent  electricity  and  magnetism — not  on  a  purely 

lamps  included  only  0.1  per  cent  of  tungsten  speculative  basis,  but   founded   on   the   sure 

lamps.     These  lamps  were  then  a  new  inven-  footing    of    experiments    and   inductive    rea- 

tion.     They  were  three  times  as  efficient  as  soning. 

the  old  carbon  lamp;  that  is  to  say,  for  each  The  next  great  step  was  in  1799,  when 
watt  of  energy  expended  the  user  gets  three  Volta,  a  contemporary  of  Galvani,  by  his 
times  the  amount  of  light  with  a  tungsten  famous  invention  of  the  electric  pile  first 
lamp  that  he  would  get  by  using  the  same  produced  an  electric  current.  The  next  mile- 
energy  in  a  carbon  lamp.  In  191S,  of  all  the  stone  was  reached  when  Faraday,  in  ISol, 
lamps  sold  for  domestic  use,  89  per  cent  were  discovered  the  induction  of  electric  currents 
of  the  tungsten  type,  so  within  a  little  more  and  the  creation  of  electric  currents  by  the 
than  a  decade  the  use  of  a  new  invention  motion  of  conductors  in  a  magnetic  field, 
had  grown  from  0.1  to  S9  per  cent.  This  These  great  discoveries  usher  in  our  era  of 
shows  an  astonishing  rate  of  progress.  modern   electrotechnics.      We  now   begin   to 

It  is  this  rate  of  progress  that  interests  us.  visualize  the  fruits  of  invention  and  discoveries 

Let  us  compare  it  with  the  rate  at   which  for  the  useful  service  of  man.     In  1865.  Clark 

inventions  and  discoveries  previously  became  Maxwell     enunciated     his     electro-m_agnetic 

useful  assets  in  our  daily  life.     The  birth  of  theory  of  light  and  then  we  pass  into  our  own 

electrical  science  took  place  about  600  B.  C.  times   when    the   invention   of    the    dynamo 

when  Thales,  a  Greek  philosopher,  discovered  electric    machine    paved    the    way    for    our 

that  amber  when  rubbed  possessed  the  aston-  modern  electrical  industry;  and  the  develop- 

ishing  property  of  attracting  small  particles  ment  of  electrical  theories  and  the  absolute 

of  certain  materials.    The  very  word  electric-  quantitative  measurement  of  electrical  energy 

it\^  came  from  this  discovery,  being  derived  established  electrical  engineering  as  a  great 

from  the  Greek  word  for  amber.     Great  as  world  asset. 

this  discovery   was,   the   purely  imaginative  We  recite  these  facts  to  bring  home  one  point: 

philosophy   of  the   Greek,   which  made  this  The  rate  of  progress  used  to  be  very  slow — 

era   so   rich    in   poetry,    art,    and   literature,  Thales  600  B.C.— Gilbert  1600  A. D. .  .2200  years 

could  not  turn  it  to  practical  purpose.     We  Gilbert  1600  to  Volta  179;i 19f)  years 

know  of  no  advance  made  in  the  science  of  Volta  1799  to  Faraday  1831 32  years 

electricitv    during    the    whole    time    that    the  Faraday  1831_  to  Clark  Maxwell  1865        34  years 

„  V        •         .a        •  1,    J  c   ■  /:  Maxwell  I860  to  Present  Time o-t  vears 

Roman    Lmpire    rlounshed.       bcience    of    a  

sort  was  in  fashion,  men  discussed  the  laws  Thales  to  Present  Time 2519  years 
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All  these  discoveries  are  related;  in  all 
probability,  each  one  had  some  bearing  on 
the  next.  Of  course,  we  cannot  say  that  a 
succeeding  step  would  not  have  been  taken 
had  the  first  been  omitted,  but,  especialh' 
since  Volta's  time,  one  discovery  has  led  to 
another. 

After  Thales'  discovery  2200  years  elapsed 
before  the  next  step  was  taken  by  Gilbert. 
Men  had  not  learned  the  value  of  experiments. 
Gilbert  experimented — but  the  rest  of  the 
world  was  slow  to  know  his  work  or  to  follow 
his  methods.  His  work  had  great  potential 
value,  but  little  practical  use.  One  hundred 
and  ninty-nine  years  later  Volta  produced 
something  that  could  do  something  useful,  and 
only  32  years  elapsed  before  Faraday  paved 
the  way  for  an  industry.  By  this  time  the 
world  was  learning  the  use  of  experiments 
and  governments  had  begun  encouraging 
science  as  a  possible  national  asset. 

Now,  in  our  own  times  science  has  built  up 
mighty  industries  and  industries  have  built 
up  mighty  research  facilities,  so  that  when 
a  new  invention  is  discovered,  experiments 
are  made,  a  new  product  is  produced  and 
in  a  single  decade  can  come  into  general  use. 

In  1907  one  tenth  of  one  per  cent  of  the 
lamps  made  for  domestic  use  were  tungsten 
lamps.  In  1918  of  the  1S6  million  lamps 
made  89  per  cent  were  tungsten  lamps.  Each 
tungsten  lamp  gives  three  times  the  amount 
of  light  per  watt  when  compared  with  the 
older  form  of  carbon  lamp,  so  if  we  assume 
the  cost  of  current  at  10  cents  per  kw-hr.,  we 
can  calculate  that  the  public  is  getting  this 
additional  light  at  a  saving  of  over  two 
million  dollars  per  day. 

This  additional  light  is  literally  not  figura- 
tively making  the  world  a  better  world.  The 
world  is  intellectually,  morally,  and  physi- 
cally better  for  it.  Men,  women  and  children 
are  working,  playing  and  spending  their 
leisure  hours  the  better  for  it.  Not  in  relation 
to  lamps  alone  is  this  true,  but  of  motors, 
generators,  turbines,  and  the  thousand  and 
one  electrical  devices  we  are  making  and 
supplying  the  world  with  day  by  day.  They 
are  making  a  better  world. 

We  are  living  at  a  terrific  pace  and  we 
sometimes  wonder  where  the  world  is  heading. 
Each  factor  which  makes  our  rate  of 
progress  so  great — research,  invention,  manu- 
facture, advertising,  distribution — are  organ- 
ized and  practiced  on  an  intensive  basis  in 
the  manufacturing  world  until  we  wonder 
where  it  will  all  lead.  We  sometimes  wonder 
if  we  are  the  better  off  for  all  these  modern 


advancements,  and  it  is  just  because  we 
sometimes  wonder  these  things,  that  we  felt 
that  a  sermon  might  well  be  preached  from 
the  Table  we  have  referred  to.  It  shows 
that  we  are  better  off;  the  public,  the  whole 
world  are  getting  the  benefit  of  all  this  work. 
Not  from  lamps  alone,  but  from  everything 
that  is  produced  that  saves  labor  and  gives 
better  working  and  living  conditions. 

We  have  labor  troubles.  It  seems  para- 
doxical, but  the  only  cure  is  more  work  to 
save  labor.  Labor  wants  better  working  con- 
ditions, more  money,  shorter  hours.  The 
only  answer  is,  more  machines  to  save  labor; 
more  machines  to  do  harder  kinds  of  work 
that  men  do  not  like  doing;  more  devices 
that  will  do  hard  work  in  factory,  farm  and 
home. 

Discontent  is  a  virtue  if  tempered  with  a 
reason  that  stimulates  work  to  gain  what  is 
desired.  It  is  a  vice  when  it  leads  to  grumbling 
and  does  not  instill  the  ambition  and  strength 
to  accomplish  more  work  to  make  conditions 
satisfactory.  If  the  reader  doubts  that 
machines  are  the  best  cure  for  labor  trouble — 
in  fact,  the  only  thing  that  can  cure  it — by 
giving  men  easier  means  to  produce  more  and 
thus  improve  their  laboring  conditions,  let 
him  ask  a  man  to  thrash  his  wheat  with  the 
flail,  to  carry  or  to  wheel  his  trunk  to  the 
railroad  depot  in  a  barrow,  or  to  act  lil  e  a 
galley  slave  and  row  him  a  score  of  miles  in  a 
boat.  These  and  a  hundred  and  one  back- 
aching,  laborious  jobs  that  a  century  ago  men 
were  doing  by  sweating  toil,  today  are  per- 
formed better,  quicker,  cheaper,  by  ma- 
chines. Those  who  would  be  toiling  on  these 
uninteresting,  unelevating,  laborious  tasks, 
but  for  the  advent  of  the  machine,  are  the 
ones  who  have  been  the  greatest  gainers  by 
the  change.  Just  as  they  have  gained  in  the 
past,  they  are  going  to  gain  in  the  future,  by 
more  inventions,  more  discoveries  and  more 
machines. 

So  there  is  a  purpose  in  our  work.  The 
factory  is  making  the  world  a  better  place  to 
live  in.  It  is  giving  the  working  man  better 
conditions.  If  we  compare  what  a  working 
man  earns  today  for  a  given  task,  the  food 
he  eats,  the  clothes  he  wears,  the  home  he 
lives  in  and  the  pleasure  he  can  get  out  of 
life  in  this  age  of  machines,  with  the  conditions 
a  century  ago  without  machines,  it  will  give 
us  faith  in  the  usefulness  of  our  work.  We 
shall  realize  that  the  work  of  the  inventor, 
the  research  man,  the  manufacturer,  the  man 
at  the  bench,  at  the  machine,  and  in  the  office, 
are  all  part  of  one  great  organized  plan  to 
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oul  of  life  are  those  who  work  the  hanlesl 
and  jjet  pleasure  in  their  work.  For 
"Not  enjoyment  and  not  sorrow 

Is  our  destined  end  or  way ; 
But  to  act,  that  eaeh  tomorrow- 
Find  us  further  than  today." 

It  is  encouratjing  that  the  importance  of 
research  is  becoming  so  generally  rcct^gnizod. 
A  recent  resolution  of  the  American  Federation 
of  Labor  is  of  much  interest  in  this  con- 
nection : 

"Resolved,  by  tho  Aincrioan  Federation  of  Labor 
in  convention  assembled,  that  a  broad  program  of 
scientific  and  technical  research  is  of  major  impor- 
tance to  the  national  welfare  and  should  be  fostered 
in  every  way  by  the  federal  government,  and  that 
the  activities  of  the  government  itself  in  such 
research  should  be  adequately  and  generously  sup- 
ported in  order  that  the  work  may  be  greatly 
strengthened  and  extended;  and  the  secretary  of 
the  federation  is  instructed  to  transmit  copies  of 
this  resolution  to  the  President  of  the  United 
States,  to  the  President  pro  tempore  of  the  Senate, 
and  to  the  Speaker  of  the  House  of  Representatives." 

J.  R.  H. 

CHINA 
Mr.  Oudin's  address  to  Chinese  students 
on  the  development  of  China,  pubHshed  in 
this  issue,  presents  a  peculiarly  interesting 
problem  to  the  world  today.  In  the  tiines  of 
ancient  history,  when  civilizations  could  flour- 
ish without  means  of  inter-communication 
with  other  people,  China  reached  a  high  state 
of  development.  During  this  period  she  did 
manv   notable   things   that   have  materiallv 


ailiiiil  til  our  store  of  knowledge  and  led  to 
world-wide  advances.  The  inventifjii  of  the 
mariner's  compass,  gunpowder,  ;ind  printing 
are  three  examples  cited  by  Mr.  Ou<lin. 

In  modern  limes,  while  other  nations  have 
been  advancing,  China's  environment  has 
handicapped  her  development.  Hemmed  in 
to  the  north,  east,  and  south  by  mighty  moun- 
tain ranges  and  deserts,  and  having  for  her 
neighbors,  immediately  beyond  these  barriers, 
only  the  more  backward  peoples  of  the  earth, 
she  has  lieen  out  of  touch  with  the  rest  of  the 
world.  It  is  only  her  western  coast  that  is 
washed  by  the  ocean  and  this  is  her  most 
remote  boundary  from  other  civilizations; 
but,  at  the  same  time,  it  must  serve  as  her 
only  inlet  from  the  rest  of  the  world.  Added 
to  these  handicaps  China  developed  so  passive 
a  spirit  that  she  was  exploited  by  many 
nations. 

We  hav-e  ample  evidence  that  China  has 
undergone  a  great  change  in  recent  years; 
for  one  thing  she  has  become  a  democracy, 
and  added  to  this  she  is  now  sending  out  her 
sons  broadcast  to  other  lands  to  learn  science 
and  engineering.  We  believe  that  these  will 
prove  the  best  kind  of  missionaries  that  any 
land  has  ever  sent  out,  and  we  hope  they  are 
to  play  an  important  part  in  the  future  of 
their  country  by  becoming  leaders  in  her  engi- 
neering developments.  The  characteristics  of 
the  Chinese,  coupled  with  adequate  railway 
facilities,  power  houses,  and  industries  run 
on  modern  lines,  will,  w-e  believe,  lead  to 
China  taking  the  place  that  belongs  to  her  in 
the  sisterhood  of  nations. 

J.  R.  H. 
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The  General  Electric  Company  in  the 
Great  World  War 

PART  IV.     OTHER  WAR  WORK 

By  John  R.  Hewett 
Editor  General  Electric  Review 

In  Parts  I,  II  and  III  of  this  story  we  have  outlined  some  of  the  more  important  large  war  work  that 
the  Company  did,  but  still  have  given  no  adequate  idea  of  the  immense  total.  In  this  issue  we  give  some 
notes  on  other  war  work,  mentioning  some  of  the  Company's  larger  plants,  but  the  reader  can  well  imagine 
that  the  story  is  still  far  from  complete  when  he  realizes  that  the  Company's  army  of  65,600  men  were 
devoting  95  per  cent  of  their  energy  to  work  that  was  designed,  either  directly  or  indirectly,  to  end  the 
war. — Editor. 


After  having  wrritten,  in  the  last  three  issues 
of  the  Review,  some  memoranda  concerning 
what  at  first  appears  as  the  Company's  most 
notable  war  work ;  such  as  the  more  important 
items  of  research,  including  the  work  done  on 
submarine  detection.  X-rays,  radio,  electric 
welding,  and  other  items,  and  the  apparently 
larger  and  more  important  contracts  such  as 
those  for  turbines  for  ship  propulsion,  electric 
furnaces  for  various  purposes  and  searchlights, 
the  writer  finds  that  he  has  not  begun  to  tell 
the  story  of  what  the  65,500  war  workers  of 
the  Company  did.  There  is  such  a  variety  of 
work,  and  it  is  so  far  spread  all  over  the  coun- 
trj^  that  the  truth  is,  it  never  will  be  collected 
together  into  an  article  or  a  series  of  articles. 
So  perhaps  the  most  practical  way  will  be  to 
give  brief  mention  of  some  of  the  other  notable 
work  that  was  canned  out  in  some  of  the  Com- 
pany's more  important  factories,  dealing  more 
particularly  with  special  developments,  and 
leaving  any  attem.pt  to  show  how  the  Com- 
pany helped  the  country  as  a  whole  to  carry 
on  its  intensive  war  work  to  be  dealt  with  un- 
der the  heading  of  General  War  and  Industrial 
Activities. 

Schenectady 

Much  of  the  special  war  work  already  cited 
was  carried  out  at  the  large  Schenectady  plant, 
such  as  most  cf  the  research  activities  and  the 
production  of  a  great  number  of  the  large  tur- 
bines, gearing  and  searchlights.  The  large 
induction  motors  for  battleships  and  cruisers 
were  also  made  at  the  Schenectady  Works  and 
other  large  induction  motors  were  produced  in 
great  quantities  for  driving  the  powder  drj-ers 
at  the  Dupont  Powder  Company's  plants. 

Some  small  idea  of  the  production  of  the 
Schenectady  plant  may  be  gained  from  the 
fact  that  it  was  using  a  thousand  tons  of  cast- 
iron  per  week  during  the  war,  and  that  40  car- 
loads of  finished  products  were  leaving  the 
factory  daily.    In  this  connection  it  should  be 


pointed  out  that  had  pre-war  methods  of 
packing  and  loading  been  used  rather  than  the 
new  intensified  method  of  loading,  this  figure 
would  have  reached  80  carloads  leaving  the 
Schenectady  factory  every  day. 

Schenectadj'  did  some  most  interesting 
work  on  the  m.anuf  acture  of  submarine  motors 
which  called  for  much  development  work  to 
m.eet  the  rigid  requirements  of  so  special  a 
service.  These  were  direct  current  motors  and 
were  quite  powerful  units  presenting  many  in- 
teresting problems  in  their  construction ;  it  is 
unwise  to  go  into  details,  but  there  can  be  no 
harm  in  stating  that  the  service  conditions 
called  for  very  rigid  and  special  requirements, 
particularly  so  in  the  matter  of  insulation, 
lubrication  and  quiet  running.  The  Companj' 
met  all  the  conditions  imposed  and  were  com- 
plimented b_v  the  governraent  officials  for  their 
achievements  in  connection  with  these  motors. 
Twelve  motors  were  actually  built,  and  had 
the  war  continued  in  all  probability  this  num- 
ber would  soon  have  been  increased  to  44. 

A  special  70-kw.  capacity  generator  was  de- 
veloped for  operating  tanks  and  gun  m.ounts. 

If  each  department  could  tell  the  stor\'  of 
its  own  war  work  it  would  be  an  interesting 
romance,  but  too  long  to  read.  The  Switch- 
board Department  made  so  many  panels  that, 
although  each  was  only  24  inches  wide,  if 
stood  up  side  by  side  they  would  reach  for  a 
distance  of  more  than  five  miles ;  if  laid  end  on 
end  they  would  pave  a  sidewalk  100  miles  long. 

This  department  m.ade  many  special  de- 
velopments during  the  war,  one  notable  ex- 
am.ple  being  the  developm_ent  of  shock-proof 
switching  devices  for  use  on  shipboard,  that 
^'^'ould  stand  battle  service.  These  devices 
were  perfected  to  a  point  where  they  would 
trip  on  the  prescribed  overload,  yet  would  re- 
main closed  when  subjected  to  a  direct  blow 
from  a  hammer. 

Thirteen  acres  of  floor  space  were  always 
busv  in  fulfilling  war  orders  for  switchboards 
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during  the  period  of  war,  and  no  less  than  50 
cars  of  switchboards  left  the  factory  every 
week.  In  common  with  practically  all  other 
departments  some  of  the  best  men  were  de- 
voting all,  or  part  of,  their  time  to  helping  the 
different  government  departments  with  their 
expert  knowledge  and  advice.  The  Switch- 
board Department  should  also  be  credited 
with  doing  som.e  special  development  work  on 
a  gun  pointing  mechanism  which  gave  promis- 
ing results. 

The  Railway  Equipment  Department  de- 
veloped a  high  voltage,  high  current,  con- 
tactor for  controlling  the  propulsion  motors  on 
battle  cruisers,  battleships  and  cargo  boats, 
■special  drum  controllers  for  heavy  army 
tractors,  controllers  for  tanks  and  an  elec- 
tromagnetic control  system  for  subm.arines, 
as  well  as  adapting  m.any  standard  devices  for 
the  special  requirement  of  the  navy. 

As  is  but  natural,  the  engineers  of  the  Power 
and  Mining  Department. were  making  use  of 
their  varied  experiences  in  the  solution  of  war 
problems  as  well  as  supplying  the  country  with 
apparatus  to  meet  her  industrial  needs.  Indeed , 
som.e  of  the  developments  already  cited  and 
some  still  to  be  written  of  are  either  in  whole,  or 
in  part,  the  work  of  this  department.  There 
are  some  special  war  problems  that  they  under- 
took and  solved  which  call  for  special  mention. 
Among  these  are  the  following ;  The  develop- 
ment of  motors  for  electrically-driven  wood- 
working m.achinery  for  m_aking  rifle  stocks  and 
air-plane  struts,  which  increased  the  output  of 
rifle  stocks  fourfold  over  the  old  m.ethod,  and 
increased  the  rate  of  making  airplane  struts 
in  the  ratio  of  eighty  to  one.  A  new  method  of 
m.aking  adapters  for  gas  shells  was  devised 
which  absolutely  seals  the  shell  and  met  all  the 
conditions  required.  Very  important  work  was 
done  in  developing  a  method  for  salvaging  de- 
fective shells.  This  alone  led  to  the  reclaiming 
of  an  enorm.ous  num.ber  of  shells  which  would 
otherwise  have  been  wasted.  Of  course  m.ost 
work  of  this  nature  was  done  in  co-operation 
with  the  engineers  of  the  different  government 
institutions.  For  instance,  in  co-operation 
with  the  Watervliet  Arsenal,  our  engineers  de- 
veloped a  method  of  salvaging  gun  parts  which 
had  been  rnachined  wrong  or  were  defective 
from  other  causes.  This  work  secured  enor- 
mous economies.  As  an  example,  a  practi- 
cally completed  S-inch  gun  spoiled  by  a  mis- 
take in  m.achining  was  salvaged  in  about  half 
a  day.  The  system  developed  for  doing  this 
work  should  find  an  extensive  use.  It  is  now 
being  used  in  many  other  arsenals  throughout 
the  country. 


Another  very  interesting  engineering  de- 
\^elopment  was  that  of  the  cast  steel  anchor 
chain  for  merchant  ships  which,  in  point  of 
saving  time,  permitted  the  production  of  these 
chains  37  times  faster  than  was  previously  the 
case.  About  30,000  tons  of  chain  are  now  be- 
ing made  in  this  way.  Particularly  valuable 
war  work  was  done  in  the  development  of  cast 
steel  guns,  most  of  this  work  being  carried  out 
on  the  French  75  type.  Tests  are  now  con- 
tinuing and  give  every  promise  of  success.  If 
this  method  of  making  guns  should  finally 
prove  feasible  it  would  revolutionize  the  man- 
ufacture of  ordnance  especially  in  the  smaller 
sizes.  Another  development  in  connection 
with  artillery  was  the  electric  welding  of  gun 
liners,  that  is  to  say,  the  welding  of  the  liner  to 
the  jacket  in  such  a  way  as  to  prevent  move- 
m.ent  when  the  explosion  takes  place.  It  will 
be  interesting  to  the  reader  to  know  that  ap- 
proximately half  a  million  dollars'  worth  of 
ammunition  has  been  expended  in  testing 
several  guns  that  the  Company's  engineers 
welded  and  that  in  no  case  has  a  flaw  occurred. 
Work  was  also  done  in  developing  a  new 
m.ethod  of  pressing  in  and  out  gun  liners.  This 
work  also  proved  successful. 

Perhaps  one  of  the  most  novel  mechanical 
developments  undertaken  by  our  engineers 
was  a  new  method  for  broaching  the  rifling  in 
cannon .  Previously  a  given  piece  of  work  took 
a  day  and  a  half,  while  with  the  new  m.ethod 
the  same  work  was  done  in  fifteen  minutes. 

A  great  deal  of  experimental  work  was  done 
in  such  things  as  the  centrifugal  casting  of 
electric  steel  for  turbine  discs,  gears,  etc.,  and 
on  the  development  of  heavy  spot  welders  for 
the  fabrication  of  ship  parts. 

The  Illuminating  Engineering  Laboratory 
not  only  fitted  out  a  special  testing  ground  for 
searchlights  and  did  development  work  on 
high  intensity  searchlights,  but  also  did  a  con- 
siderable amount  of  research  work  and  photo- 
m.etric  testing  for  the  General  Engineering 
Depot  of  the  U.  S.  Army.  They  also  rendered 
considerable  help  by  working  with  the  Illu- 
minating Engineering  Societies  Committee  on 
war  service  in  the  solution  of  such  problems  as 
the  lighting  of  aviation  camps,  flying  fields, 
and  protective  lighting  of  various  kinds. 

Just  to  cite  an  example  of  how  much  work 
was  done  on  some  things  which  are  apparently 
standard  products,  it  may  be  mentioned  that 
the  production  of  special  cable  for  men-of- 
war  was  increased  sevenfold  between  April 
and  November,.  1917,  and  for  general  navy 
ptirposes  the  monthlv  outptit  of  200,000  feet 
went  up  to  1,000,000  feet.     The  call  for  wire 


Till':  CICMlkAL   i;i.i:(TRlC  i-()MI'.\.\\-   in   TIII':  C.UICA'I-   \Vn|.;|.I)  WAR        Tl'.i 


5  ; 


750     October,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  10 


and  wiring  supplies  was  incessant  and  the 
facilities  for  production  were  strained  to  the 
utmost  between  July  and  the  end  of  August. 
Wire  and  wiring  supplies  for  sixteen  canton- 
ments were  produced  and  installed.  In  all 
such  work  as  this  it  often  happened  that  a  cer- 
tain amount  of  development  work  was  re- 
quired to  meet  the  special  requirements. 

Lynn 

The  Company's  large  works  at  Lynn  were 
carrying  their  full  share  of  the  burden  of  war 
work  all  the  time.  Among  the  particularly 
interesting  war  developments  carried  out  at 
Lynn  were  some  of  a  most  scientific  nature 
in  connection  with  submarine  detection  ap- 
paratus, concerning  which  we  are  not  per- 
mitted to  publish  details.  They  also  de- 
veloped a  special  motor  for  driving  torpedoes, 
details  of  which  must  not  be  giveii  at  present. 

The  Turbine  Department  at  Lynn  was  very 
busy  in  producing  turbines.  Some  of  this  work 
has  already  been  mentioned  in  connection  with 
ship  propulsion,  but  m.uch  of  the  develop- 
m.ent  work  done  in  connection  with  turbines 
was  not  mentioned. 

Lynn  assumed  an  order  for  210  especially 
designed  10-kw.  turbo-generators  for  use  as 
lighting  sets  in  the  Eagle  boats.  About  70  of 
these  were  delivered.  A  50-kw.  ship  light- 
ing turbo-generator  set  was  developed  for 
ships  being  built  on  the  Pacific  Coast. 

Lynn  did  some  interesting  investigation 
work  in  connection  with  the  Lom.bard  cen- 
trifugal guns  and  was  also  called  into  con- 
sultation by  the  National  Research  Depart- 
ment concerning  another  centrifugal  gun. 
Some  of  the  engineers  from  Lynn  did  a  great 
deal  of  work  in  connection  with  some  of  the 
problem.s  of  submarine  detection,  and  much  of 
the  production  work  of  the  Nahant  develop- 
ments was  done  at  the  Lynn  factory. 

Among  the  other  developm.ents  that  Lynn 
undertook  are  to  be  found  such  interesting 
items  as  supercharges  for  airplane  work,  army 
ordnance  projectile  tests,  the  design  of  tur- 
bines and  mercury  turbines  for  airplane  en- 
gines. 

One  contract  that  was  assumed  was  of  very 
special  interest,  namely,  that  for  the  wholesale 
production  of  compasses  for  our  airplanes. 
This  was  an  entirely  new  development  for 
America  and  the  English  design  was  altered 
to  suit  our  manufacturing  conditions.  There 
were  many  special  problems  to  be  overcome 
in  this  work  which  was  carried  out  by  the 
Meter  Department  in  Lynn.  The  work  was 
entirely  new  to  those  who  undertook  it,  but 


the  call  was  very  urgent,  and  it  is  pleasant  to 
record  that  the  speed  with  which  production 
followed  the  first  inquiries  astonished  the 
officials  in  Washington.  A  shipment  of  1000 
compasses  was  made  before  the  contract  was 
signed.  The  rate  of  production  amounted  to 
500  a  week.  One  order  for  10,000  compasses 
WcLS  completed  and  of  another  order  for  20,000, 
1300  were  completed  when  the  armistice  was 
signed . 

The  Meter  Department  at  Lynn  also  de- 
veloped a  compass  for  use  with  trench  signal 
lamps  and  undertook  to  make  2000  dajdight 
signal  lamps  for  signalling  from  ships  to 
airplanes.  These  devices  were  similar  to  their 
English  prototypes,  but  of  course  a  consider- 
able amount  of  work  was  necessary  before  the 
parts  could  be  produced  according  to  Amer- 
ican manufacturing  processes. 

Hot  wire  thermo  electric  elements  were 
developed  at  Lynn  for  radio  work  which  weie 
capable  of  measuring  frequencies  of  between 
2000  and  3000  and  such  instruments  were 
actually  constructed,  also  a  very  small  hot 
v.dre  instrument  of  an  English  design  was  pro- 
duced. One  order  called  for  3300  of  these  in- 
struments. 

Mention  should  be  made  of  the  work  of  the 
street  lighting  department  of  the  Lynn  'fac- 
tory. Of  course  it  must  be  understood  that  a 
great  deal  of  this  development  work  was  done 
in  conjunction  with  the  government  depart- 
ments who  required  this  special  apparatus. 
They  designed  a  special  headlight  for  army 
trucks  and  made  about  2000  of  these  and  also 
designed  a  headlight  for  the  Libert}^  truck, 
making  about  1200  of  the  reflectors,  the  regu- 
lar automobile  headlight  manufacturers  mak- 
ing the  other  parts. 

The  proper  lighting  of  aviation  fields  called 
for  a  lot  of  work  which  was  carried  on  in  con- 
junction with  army  representatives.  The 
Company  designs  for  lighting  outfits  for  this 
work,  which  comprised  large  projectors 
mounted  on  11 -inch  tripods,  were  accepted 
and  864  were  ordered.  Some  novel  and  useful 
development  work  was  done  on  the  lighting 
equipments  for  airplanes  for  night  flying. 
This  work  was  carried  out  in  co-operation  with 
army  officers.  An  equipment  was  arranged  for 
range  and  landing  lights  which  resulted  in  the 
Company  being  asked  to  make  6000  devices 
and  to  supply  21,000  incandescent  lamps. 

Signal  projectors  of  various  types  received  a 
great  deal  of  attention,  especially  those  for  use 
in  trench  and  airplane  land  work,  also  for 
naval  applications  both  from  the  water  and 
aircraft.    The  Company  took  a  trial  order  for 
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350  6-inch  projectors  using  a  6-volt  2-ampere 
incandescent  lamp  connected  to  a  dry  bat- 
tery through  an  ordinary  telegraph  key.  It  is 
interesting  to  note  that  with  this  device  com- 
munication can  be  carried  on  in  da^dight  for 
distances  of  from  3  to  5  miles. 

Investigations  were  also  carried  out  on  a 
suitable  projector  for  submarine  chasers. 

A  great  deal  of  work  was  naturally  done  on 
the  illumination  of  government  and  industrial 
plants.  Some  of  the  special  searchlight  de- 
velopments have  already  been  m.entioned. 


The  Company's  Works  at  Erie,  where  quite 
a  lot  of  the  important  work  already  mentioned 
was  carried  out,  like  some  of  the  Com_pany's 
other  plants,  were  busy  at  war  work  for  the 
allied  cause  before  America  entered  the  war, 
having  assumed  extensive  contracts  for  the 
machining  of  shells. 

No  sooner  had  America  entered  the  war 
than  Erie  received  its  first  order  from  the 
government  for  200  25-kw.  gas  engine  electric 
generator  sets.  The  rate  at  which  these  were 
required  called  for  a  production  of  40  units 
per  month,  and  eventually  Erie  was  asked  to 
assume  the  production  of  SO  per  month. 

We  have  already  cited  the  work  done  at 
Erie  in  the  rapid  production  of  geared  tur- 
bine sets  for  the  propulsion  of  torpedo  boat 
destroyers ;  this  and  so  much  of  the  other  work 
must  largely  be  classed  as  development  work- 
as  so  much  had  to  be  done  to  meet  the  special 
requirements. 

Four  hundred  railway  motors  were  made  at 
Erie  for  equipping  the  lines  running  between 
Philadelphia  and  the  great  Hog  Island  ship- 
yard, and  besides  this  the  Railway  Motor  De- 
partment developed  a  25-ton  and  a  15-ton 
storage  battery  locomotive  for  the  Newport 
News  Shipbuilding  Yard.  This  work  was 
done  for  the  Navy  Department. 

A  large  amount  of  work  was  done  at  Erie 
toward  the  development  of  a  special  type  of 
oil  engine  on  listener  boats  in  connection  with 
the  anti-submarine  campaign.  Gas  electric 
trench  locomotives  of  14  tons  and  60  tons 
capacity  were  laid  out  and  propositions  made 
for  the  government,  and  it  is  likely  that  much 
work  would  have  been  assumed  in  this  direc- 
tion had  the  war  continued. 

Fort  Wayne 

The  Fort  Wayne  Works  did  some  very  in- 
teresting work,  in  conjunction  with  others,  in 
building  103  winch  drives  for  operating  cap- 
tive ballons  from  the  ships,  as  it  is  now  gen- 


erally known  balloons  attached  to  ships  did 
valuable  service  in  hunting  submarines  as  well 
as  in  directing  gun  fire  at  the  battle  front. 
They  also  made  2600  bomb  releasing  mechan- 
isms for  the  U.  S.  Government.  These  devices 
are  used  on  bombing  planes  and  provide  for 
releasing  10  bombs,  five  carried  on  each  side, 
the  bombs  being  dropped  alternately  from 
either  side  to  preserve  balance.  It  is  gratify- 
ing to  note  that  this  entire  order  was  accepted 
without  one  device  being  rejected. 

Many  dynamotors  and  motor  generating 
sets  were  also  built  by  the  Fort  Wayne  factory 
for  special  war  purposes;  for  instance,  4C0 
navy  type  dynamotors  were  made  for  the  fly- 
ing boat  service,  100  dynamotors  were 
furnished  the  navy  for  supplying  the  current 
on  hydroplanes  for  both  the  wireless  telegraiDh 
and  telephone,  as  well  as  for  providing  current 
for  both  day  and  night  signalling  devices, 
land  lights,  and  for  the  heating  devices  used 
in  aviators'  garments.  The  Marconi  Wireless 
Telegraph  Company  was  supplied  with  650 
dynamotors  for  seaplane  service,  and  Forr 
Wayne  also  built  600  lighting  generator  sets 
which  were  used  by  the  Emergency  Fleet  for 
ship  lighting  and  radio  work. 

A  large  number  of  amplifiers  used  in  con- 
nection with  submarine  listening  devices  were 
made  at  Fort  Wayne  which  included  various 
combinations  of  transformers  and  pliotron 
tubes.  In  addition  to  these,  a  large  number  of 
motor  driven  condensers  and  dynamotors 
were  made  for  wireless  work. 

Another  distinctly  new  development,  which 
the  Meter  Department  at  Fort  Wayne  under- 
took, was  the  manufacture  of  ship  logs  for  the 
Emergency  Fleet.  The  original  contract 
called  for  5000,  but  was  subsequently  reduced 
to  2500.  Fort  Wayne  made  the  entire  device, 
with  the  exception  of  the  cord.  Like  all  of  our 
other  factories,  over  and  above  the  special 
work  which  Fort  Wayne  did  and  which  in- 
volved the  usual  amount  of  engineering  work 
incident  to  undertaking  work  of  this  nature, 
they  were  at  the  same  time  very  active  with 
their  standard  products  and  carried  their  full 
share  of  the  load  in  supplying  such  large  ap- 
paratus as  synchronous  motors,  battery 
charging  sets,  crane  motors,  a  great  number  of 
ice  making  machines,  175  of  which  were  used 
on  submarines  and  destroyers,  a  large  number 
of  lighting  sets,  motors,  radio  apparatus,  rock 
drills,  transformers  and  turbo-generators. 

Pittsfield 

The  Pittsfield  Works,  although  primarily 
engaged  in  filling  large  orders  for  their  stand- 
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aid  ]>i()ihuls  on  dirool  j^overiiiiR'nt  onk-rs 
ami  ])ri<)iity  orders  for  such  iiii])()rlaiit  tliiii^js 
as  lransformi.-rs,  rcf^'iilators,  lij^liliiiiiK  ar- 
resters, ehoke  coils,  motors,  coni])ciisal()rs, 
reactances,  fans,  submarine  ranjjes  and  otiier 
heating  devices  and  controllers,  also  did  suih 
specific  war  work  as  makinj^  27,0()()  j;as  check 
pad  containers  for  the  U.  S.  Government;  for 
the  British  Government  7.")(), ()()()  ),'aines;  for 
the  British  Thomson-Houston  Com])any  aj)- 
])roximately  .")(), 000  molded  parts  for  majj- 
netoes;  for  the  Russian  Government  ;i()3,50O 
three-inch  shell  cases  and  parts  for  a  half 
nrillion  fuses. 

To  cite  just  one  example  of  how  these  stand- 
ard jiroducts  were  heljiing  the  great  tasks  of 
the  country  all  the  time  it  may  be  noted  that 
the  Company  furnished  20,000  electric  fans 
to  the  Emergencv  Fleet  Corporation  and 
10,000  to  the  U.  S.'Navy  for  battleships,  sub- 
marines, submarine  chasers,  destroyers  and 
shipyards,  etc.  Many  thousands  of  fans  were 
furnished  the  army  cantonments,  base  hos- 
pitals. Red  Cross,  etc.,  etc.  Fans  also  were 
supplied  in  enormous  quantities  to  plants  and 
factories  of  all  kind  and  were  thus  doing  their 
mite  in  stimulating  the  production  of  muni- 
tion factories,  powder  mills,  woolen  mills, 
packing  plants,  and  shoe  factories,  and  found 
a  host  'of  other  applications  in  adding  comfort 
and  giving  better  ventilation  for  the  war 
v.-orkers  throughout  the  length  and  breadth 
of  the  land.  These  fans  were  made  at  Pitcs- 
field. 

Sprague  Works 

Again  the  Sprague  Works,  like  all  our  other 
factories,  was  doing  its  full  quota  to  help  ^\'in 
the  war  very  largely  by  supplying  its  output 
to  the  different  divisions  of  the  War  Depart- 
ment for  use  both  in  this  country  and  by  the 
American  Expeditionary  Force  in  France. 
Large  quantities  of  conduit  material  were 
used  by  the  U.  S.  Navy  and  the  Emergency 
Fleet,  and  like  so  much  of  this  work,  the  spe- 
cial conditions  required  a  certain  amount  of 
developm^ent  work  on  otherwise  standard  prod- 
ucts. Great  quantities  of  conduit  material 
v.'ere  used  on  the  transports  which  carried  the 
American  army  across  the  ocean  and  on  cargo 
vessels  as  well  as  on  the  fighting  ships  of  the 
navy  such  as  battleships,  destroyers  and  sub- 
m.arine  chasers,  and  much  of  this  same  product 
went  to  the  War  Department  for  its  munition 
plants,  cantonments  and  warehouses.  To 
m.eet  the  special  requirements  of  the  U.  S. 
Signal  Corps  large  quantities  of  especially 
covered  cable  were  made  for  signalling  in  the 


field,  the  cable  being  just  thrown  on  the 
ground  and  coimeclions  made  at  either  end. 

The  S|>r;igue  ijancl  bo.-irds  and  switchlxjards 
were  used  in  large  numbers  in  various  U.  S. 
Navy  Yards  on  the  shijjs  of  the  Emergency 
Fleet  in  the  U.  S.  Army  Bases  in  France  and 
at  tliJ  different  Quartermasters'  Dejjots 
throughout  the  country.  One  small  switch- 
board of  s])ecial  interest  was  developed  for  use 
on  the  U.  S.  Navy  hydroplanes  for  controlling 
the  lights,  searchlights,  and  the  electrically 
healed  clothes  that  the  pilots  and  observers  of 
navy  planes  wore. 

About  eighty  per  cent,  of  the  electric  hoists 
made  at  the  Sprague  Works  were  used  for 
special  war  ])ur]joses  in  shipyards,  motor 
truck,  and  airplane  factories,  chemical  works, 
railroads,  power  plants  and  by  food  producers. 
Large  numbers  were  used  in  navy  yards  and  a 
small  electric  winch  was  developed  for  raising 
and  lowering  the  periscopes  of  submarines. 
Ninety-eight  per  cent,  of  the  dynamotors 
made  by  the  Sprague  Works  were  used  for  war 
purposes,  and  we  find  such  interesting  applica- 
tions as  dynamotors  for  testing  the  engines  of 
aiqjlanes  and  those  used  by  the  Bureau  of 
Standards  and  the  Experimental  Station  at 
McCook  field  and  at  other  plants  engaged  in 
important  war  research  work.  Sprague  dyna- 
m.otors  were  used  in  the  development  of  the 
Liberty  engine,  several  plants  building  these 
engines  having  installed  these  dynamotors  for 
their  production  testing.  They  also  found 
application  in  a  host  of  other  work  such  as  the 
testing  of  U.  S.  Standard  trucks,  tractor  en- 
gines for  heavy  artillery,  engines  used  in  army 
tanks  and  for  testing  engines  for  tractors  which 
were  being  constructed  to  help  with  the  inten- 
sive production  of  food  products. 

Lamp  Works 

Of  course  all  of  the  Company's  lamp  works 
were  busy  turning  out  their  standard  products 
as  well  as  helping  wherever  they  could  by  do- 
ing special  work  for  war  purposes.  In  fact, 
this  is  a  most  striking  example  of  how  the 
Compan}-'s  manufacturing  activities  were  all 
the  time  helping  others  to  do  their  bit.  Dur- 
ing the  first  nine  months  of  191S  they  made 
103,000,000  incandescent  lamps  of  the  larger 
sizes.  If  we  include  all  sizes  the  production  of 
these  nine  months  amounts  to  148,000,000 
lamps.  Who  can  estimate  what  this  contribu- 
tion did  toward  helping  the  whole  country 
speed  up  its  war  work?  The  Company  was 
employing  more  than  16,000  people  in  helping 
to  light  the  work  shops,  offices,  camps,  homes, 
etc.,  of  America  during  all  this  period. 
{To  be  continued) 
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cover  and  terminals  air  tight.  This  requires 
not  only  an  expensive  tank  construction  but 
also  a  large  idle  space  air  filled  above  the  oil 
level  to  limit  the  possible  internal  pressure 
due  to  the  expansion  of  the  oil  resulting  from 
increase  in  temperature. 


A  New  Form  of  Tank  for  Static  Transformers 

By  W.  S.  Moody 
Engineer,  Transformer  Department,  General  Electric  Company 
The  conservator  type  of  tank  tor  static  transformers  is  a  particularly  valuable  development  as  it  .simul- 
taneously accomplishes  three  purposes  that  increase  the  reliability  of  the  unit.  The  entrance  of  moisture  into 
a  transformer  reduces  the  dielectric  strength  of  the  insulation,  the  collection  in  the  top  of  the  tank  of  any  com- 
bustible gases  produces  an  explosion  risk,  and  the  contact  of  the  hot  oil  with  air  causes  the  oil  to  sludge  and  the 
operating  temperature  to  be  increased.  The  author  explains  in  detail  how  the  new  form  of  tank  reduces  to  a 
minimum  the  possibility  of  moisture  entering,  removes  any  combustible  gases  as  soon  as  formed,  and  prevents 
the  hot  oil  from  coming  into  contact  with  air. — Editor. 

Moisture 

Entrapped  moisture  is  perhaps  the  great- 
est deleterious  agent  affecting  high-grade  in- 
sulation. The  presence  of  an  exceedingly 
small  amount  of  moisture  will  reduce  the 
dielectric  strength  of  solid  insulation  to  a 
mere  fraction  of  its  original  value,  by  so 
changing  the  distribution  of  the  dielectric 
stress  as  to  cause  a  failure  of  what  would  or- 
dinarily be  a  dielectrically  strong  structure. 

In  the  early  days  indoor  transformers  were 
not  even  encased'  and  outdoor  transform.ers 
were  placed  in  cases  that  were  water-proof 
only  under  favorable  conditions.  As  operat- 
ing potentials  increased,  the  necessity  for  a 
greater  degree  of  protection  against  moisture 
was  met  by  the  use  of  oil  and  later  by  the 
impregnation  of  the  fibrous  insulation  with 
moisture  proof  compound  previous  to  the 
immersion  of  the  transformer  in  oil. 

The  sensitiveness  of  oil  to  water  has  long 
been  known;  the  effect  on  the  dielectric 
strength  being  shown  clearly  in  Fig.  1 .  Satis- 
factory transformer  oil  when  shipped  from  the 
factory  should  stand  a  test  of  at  least  22  kilo- 
volts  between  one-inch  discs  spaced  1/10-in. 
apart  and  is  unsatisfactory  for  high-voltage  or 
large  transformers  when  the  dielectric  strength 
is  less  than  75  per  cent  of  this  value:  that  is, 
when  it  is  below  163^  kilovolts.  By  reference 
to  the  curve  it  will  be  note^l  that  oil  of  the 
standard  strength,  that  is,  22  kilovolts,  should 
have  not  more  than  eight  parts  of  water  in  one 
million  parts  of  oil;  and  that  the  addition  of 
103^  parts  of  water  giving  a  total  of  18}^  parts 
per  million  will  reduce  the  dielectric  strength 
to  the  lowest  permissible  limit.  With  in- 
creasing capacity  and  higher  voltage,  the 
necessity  of  almost  absolute  protection  of  oil 
against  moisture  was  appreciated.  With  the 
demand  for  outdoor  installations  the  details 
in  design  of  tank,  cover,  and  lead  constrtiction 
were  developed  to  avoid  the  possibility  of  the 
entrance  of  snow,  rain,  or  merely  atmospheric 
moisture. 

Evidently  the  most  completely  effective 
method  of  accompHshing  the  necessary  pro- 
tection against  moisture  is  to  have  the  tank 
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Effect  of  Water  on  Dielectric  Strength  of 
Transformer  Oil 


Explosion 

Due  to  chemical  action  in  the  transformer 
oil,  caused  by  arcing  or  static  discharges  or 
heavy  overloads,  combustible  gases  (mosth^ 
hydrogen  and  light  hydro-carbons)  are  some- 
times set  free,  and  in  the  ordinary  tank  these 
gases  mix  with  the  air  above  the  oil  so  that  a 
highly  explosive  mixture  m,ay  be  formed. 
This  gas  may  be  ignited  by  sparks  of  a  static 
or  dynamic  character  occurring  along  the 
leads,  causing  a  dangerous  explosion.  While 
all  General  Electric  high-voltage  leads  are 
provided  with  grounded  shields  that  make 
this  impossible  under  ordinary  circumstances, 
an  abnormallj-  low  oil  level  may  expose  the 
transformer  terminals  thus  neutralizing  the 
protection  of  the  shields. 

Sludging 

Hot  oil,  even  if  carefulh'  selected,  will  very 
slowly  decompose  when  in  contact  with  oxy- 
gen, and  a  precipitate  will  be  thrown  down. 
This  decomposition  or  sludging,  while  it  does 
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nnl  ;ilkvl  UiL'  ilicUvlnc  sUcnulli  <>l  tli<-'  oil, 
iiK-roases  the  visci)sit\-  and  thus  retards  the 
transfer  of  heat  from  llie  eore  and  coils  to  the 
eoolinj;  surf.ices,  liven  more  deleterious  is 
the  fact  that  the  dejiosil  settles  oti  the  eoil 
surfaces,  in  the  ducts,  and  on  the  conlin',,'  coil'; 
TJiis  acts  as  a  heat  insulator  on  all  suiiarr^  ami 
also  will  in  time  clog  up 
the  ducts. 

The  result  is  that  the  op- 
erating tem])erature  gradu- 
all\'  increases  with  conse- 
quent acceleration  of  the 
sludging.  The  remedy  is 
found,  first,  in  a  method 
of  oil  refining  that  mini- 
mizes this  action  and,  sec- 
ond, in  a  periodic  renewal 
or  filtering  of  the  oil  and 
thorough  cleaning  of  the 
core  and  coil  surfaces.  The 
oil  regularly  sui:)i)licd  with 
General  Electric  transform- 
ers is  of  such  a  qualit\-  as  to 
I  )ractically  exclude  sludging 
under  normal  conditions, 
yet  continued  service  with 
occasional  overloads  will 
eventually  produce  sludge. 

An  exhaustive  series   of 
tests  has  demonstrated  that 
when  air  is  not  present  the 
oil  can  be  operated  continu- 
ously at  a  temperature  that 
would   prove  disastrous  if 
air  were  present,  with  prac- 
tically no  sludge  resulting. 
Fig.  5  (on  colored  plate  insert)  show^s  the  re- 
sults of  one  very  severe  test  where  the  oil  was 
subjected  to  a  temperature  of  13U  deg.  C.  for 
18  days. 

Sample  A  shows  the  natural  color  of  the  oil. 
Sample  B  shows  that  when  air  was  not 
present  no  sludge  resulted — only  a  slight  dis- 
coloration taking  place.  Sample  C  shows 
that  when  air  was  in  contact  wath  the  oil  a 
hea\'y  sludge  was  produced.  This  test  is  rep- 
resentative of  many  others,  and  shows  con- 
clusively that  for  any  permissible  temperature 
sludging  will  not  take  place  in  oil  so  long  as  air 
is  excluded. 

Until  recently,  the  most  generally  accepted 
solution  of  the  problem  provided  for  (a),  the 
use  of  a  tank  substantially  air  tight  at  all 
joints  with  a  single  vent  or  breathing  point 
for  the  interchange  of  air  between  tank  and 
the  outside  atmosphere;  this  opening  being 
connected  by  a  vent  pipe  to  a  chemical  dry- 


ing; chamber  to  remove  moisture  from  the  air 
passing  through  it.  (b)  ground  shields  above 
the  oil  level,  and  (c)  the  <>i)eralions  with  c(»n- 
servative  temperature  rise. 

This  construction,  until  recently  the  best 
available,  has  the  follnwin..  i,.,>-^,'l,il,ti..v  (..y 
iiiipn  >\  rinrnt: 


Fig.  2 


h-voltage  Side  of  a  Larger  High- 
voltage    Three-phase   Transformer 
Provided  with  Oil  Conservator 


/iew  showing  Conservator  and 
Method  of  Support 


(1)  An  immediate  indication  of  the  oil- 
tightness  of  all  joints  thus  insuring  absolute 
protection  against  the  entrance  of  moisture. 

(2)  The  elimination  of  all  air  space  between 
the  cover  and  the  oil  level. 

(3)  The  reduction  in  the  amount  and  tem- 
perature of  the  oil  in  contact  with  the  air. 

The  indication  of  oil-tightness  of  joints  w'ill 
be  a  source  of  assurance  to  any  operator  of  out- 
door units.  The  elimination  of  the  air  space 
will  insure  protection  against  explosion  due  to 
the  ignition  of  this  atmosphere  from  corona  or 
static  betw^een  live  parts  and  ground.  The 
coolness  of  the  air-exposed  oil  and  the  small 
surface  in  contact  with  the  air  will  avoid  the 
possibihty  of  the  oil  sludging. 

These  refinementsin  tank  construction.which 
will  materially  reduce  the  possibility  of  failure 
even  of  apparatus  as  reliable  as  the  best  trans- 
formers, are  all  found  in  a  valuable  but  simple 
addition  to  transformer  tanks  now  extensively 
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usrd  li\  llu' Cirin'ral  IClrcl  iir  ( 'o.  'I'his  ilf\icc 
issoiiu'liiiu'scalli'd  iIk-I  )il  CiMisfrvalor.  I''i);s. 
1'  ami  '.i  sliow  the  k*-'"*-''"'!'  appi'araiu't.'  of  cun- 
ser\atiir-ty])c  IransfonmTs. 

TIk'  ciiKinoors  of  this  t'ompaiiN'  have  been 
testing  I  his  consen'ator  eonslniction  in  service 
during  the  past  three  years  and  are  now  }jen- 
erally  recommend inj^  it  for  all  large  outdoor 
units.  The  conservator  consists  joriinarily  of 
an  auxiliary  tank  connected  to  the  top  of  the 
main  transformer  tank  by  a  suitable  pipe  and 
mounted  somewhat  above  the  level  of  the  oil 
in  the  main  transformer  tank.  When  the 
auxiliary  tank  is  supplied  with  oil  the  main 
tank  and  connecting  pipe  are  completely 
filled,  and  the  only  oil  that  comes  in  contact 
with  the  air  is  that  in  the  conservator.  This  is 
shown  diagrammatically  in  Fig  9. 

The  size  of  the  conservator  tank  is  governed 
by  the  expansion  and  contraction  of  the  oil 
due  to  its  changes  in  temperature.  At  the 
lowest  operating  temperature,  the  oil  must  not 
contract  so  as  to  allow  air  to  enter  the  main 
transformer  tank,  and  at  the  maximum  operat- 
ing temperature  the  oil  must  not  overflow  the 
conservator.  Tran.sformer  oil  increases  in 
volume  about  4  per  cent  with  a  temperature 
rise  of  50  deg.  C.  and  this  with  other  necessary 
allowances  brings  the  volume  of  the  auxiliary 
conservator  tanli  to  about  N  per  cent  of  that 
of  the  m.ain  tank.  In  practice,  various  re- 
finements and  auxiliary  devices  are  provided 
such  as  suitable  oil  gauges,  oil  valves,  chloride 
breather,  and  sump. 

Even  a  superficial  consideration  will  show 
that  this  simple  equipment  fulfills  the  general 
requirements  previous!}'  enumerated  and  a 
closer  study  reveals  the  fact  that,  even  in  de- 
tail, a  better  solution  of  the  problems  in- 
volved could  hardly  be  desired. 

Transformer  Tank  Completely  Filled  with  Oil 

The  fact  that,  except  through  extreme  care- 
lessness of  the  operator,  the  transformer  tank 
will  always  be  completely  filled  \\ath  oil  has 
m.any  advantages.  The  reduction  in  the 
necessary  size  of  the  tank,  and  consequently 
of  the  bushings,  has  evident  advantages.  The 
elimination  of  the  air  space  is  of  greater  im- 
portance because  with  it  is  eliminated  the 
chance  of  an  explosive  mixture  of  gas  and  air 
being  trapped  above  the  oil,  for  with  the  oil 
conservator  anv  gas  that  mav  form  immedi- 


ately escapes  into  the  auxiliary  lank  where 
there  is.  of  course,  nf>  pfissibilily  of  i^jnition. 

Cool  Oil  in  Contact  with  Air 

Since  there  is  only  (jnc  oil  connection  of 
limited    size    between    the   consen'ator   and 


etch  of  Oil  Conservator 
Transformer  Tank 


transformer  tank,  there  is  no  circulation  and 
the  interchange  of  oil  is  limited  to  that  due  to 
the  gradual  expansion  and  contraction  of  the 
whole  body  of  oil.  The  result  of  this  is  that 
the  oil  in  the  consen.-ator  is  only  slightly 
warmer  than  the  outside  air.  To  cite  a  typical 
test  on  a  95,000-volt  conser\-ator-type  trans- 
former of  3000-kv-a.  capacity:  the  oil  in  the 
main  tank  reached  a  temperature  of  73  deg. 
C.  while  the  oil  in  the  consen-ator  was  only 
3S  deg.  C.  Since  the  ambient  temperature 
was  24  deg.  C.  the  temperature  rise  of  the  oil 
in  the  main  tank  was  49  deg.  C.  against  14 
deg.  C.  for  the  oil  in  the  conser\-ator — three 
and  a  half  times  as  great  a  rise.  The  impor- 
tance of  this  on  the  sludging  of  oil  can  hardly 
be  over  estimated. 

Figs.  4,  G,  7,  and  S  are  installation  views 
that  give  some  idea  of  the  appearance  of 
the  conser\'ator-type  transformer  in  ser\-ice. 
Fig.  4  is  of  especial  interest  as  it  shows  the 
initial  installation  of  the  oil  conser\-ator  in 
1916  at  Laurinburg,  North  CaroHna. 
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Methods  for  More  Efficiently  Utilizing  Our 
Fuel  Resources 

PART  XXX.     *NATURAL  GAS   (Cont'd) 

By  Samuel  S.  Wyer 
Consulting  Engineer,  Columbus,  Ohio 

The  first  installment  of  this  article  on  natural  gas  appeared  in  our  August  issue  and  described  the  methods 
employed  in  producing,  transmitting,  and  distributing  the  gas.  The  present  and  concluding  installment  treats 
of  the  wastes  of  gas  involved  in  these  operations  and  in  the  present  method  of  manufactui^ing  carbon  black. 
These  wastes  are  attributed  to  the  present  low  price  of  the  fuel;  and  the  conclusion  is  drawn  that  adequate 
conservation  will  be  brought  about  only  by  raising  the  price.  Such  a  procedure  would  render  profitable  the 
expense  that  would  have  to  be  incurred  by  the  utility  company  to  save  its  wastes  and  would  induce  the  con- 
sumer to  use  the  fuel  efficiently. — Editor. 

from  two  counties  alone,  practically  all  of 
which  was  easily  preventable  by  a  moderate 
expenditure  for  additional  casing. 

The  various  forms  of  waste  may  be  grouped 
under  drilling,  well  operation,  transmission, 
and  utilization  operations. 

Drilling  Wastes 

1.  Not  closing  wells  promptly. — Much  gas 
is  wasted  on  account  of  delay  in  closing  wells, 
caused  primarily  by  poor  judgment  and 
failure  to  supply  material  promptly.  In  many 
cases  the  rock  pressure  over  quite  a  district  has 
been  materially  lowered  by  the  delay  in  closing 
promptly  a  single  large  well  in  that  section. 

2.  Improper  casing. — There  is  much  under- 
ground waste  by  improper  casing  methods 
which  allows  gas  or  water  to  migrate  from 
their  original  strata  into  other  strata.  This  is 
an  especially  important  feature  in  the  West 
Virginia  fields,  where  in  many  instances 
several  gas-bearing  formations  are  super- 
imposed with  intervening  barren  formations. 

3.  Waste  of  gas  to  air. — As  a  result  of 
improper  casing  methods  gas  frequently 
works  up  around  the  packer  or  into  the  casing 
above  the  packer  and  is  wasted  in  the  air. 

4.  Gas  waste  in  well-drilling  boilers. — Most 
gas  burning  appliances  used  in  well-drilling 
boilers  are  crude  and  inefficient,  and  the  gas 
is  handled  as  if  it  had  practically  no  value  and 
were  of  little  use  to  other  people. 

5 .  Waste  of  gas  in  torches. — A  large  number 
of  open  flame  (flambeaux)  torches  are  still  in 
use.  Not  only  is  this  an  inefficient  and  there- 
fore wasteful  method  of  securing  illumination 
at  night,  but  in  many  instances  the  torches  are 
not  shut  off  during  the  dav. 

6.  -  Offset  wells.~The  '  drilling  of  oft'set 
wells  is  not  only  frequently  a  waste  of  capital, 
but  very  frequently  results  in  marked  waste 
of  gas. 


WASTE   AND  CONSERVATION  OF 
NATURAL  GAS 
Definition  of  Conservation 

True  conservation  is  not  hoarding,  but  the 
wise  use  of  natural  resources,  and  it  implies 
not  merely  the  preserving  in  unimpaired 
efficiency,  but  also  a  wise  and  equitable 
exhaustion  with  a  maximum  efficiency  and  a 
minimum  waste.  The  heart  of  the  natural 
gas  conservation  problem  is  the  conflict 
between  the  present  and  the  future.  The 
individual  land  owner  is  interested  primarily 
only  in  immediate  present  personal  returns. 
That  is,  he  is  thoughtless  and  indifl^erent  with 
respect  to  the  future.  The  public — at  least 
the  2,000,000  domestic  natural  gas  consumers 
and  the  10,000,000  people  dependent  on 
natural  gas  for  their  cooking,  heating,  and 
lighting  purposes — are  interested  in  conserv- 
ing the  supply  and  bringing  about  a  slow, 
wise,  and  economical  exhaustion,  so  as  to 
insure  continuity  of  service  for  the  future. 

Conservation,  therefore,  demands  intensive 
rather  than  extensive  use,  takes  cognizance 
of  equitable  distribution,  aims  to  bring  about 
social  justice,  and  means  the  greatest  good 
to  the  greatest  number — and  that  for  the 
longest  time. 

Most  of  the  supply  and  service  problems 
of  today  are  the  inevitable  result  of  waste  in 
producing  and  handling  natural  gas.  The 
anntial  reports  of  the  conservation  committee 
of  the  Natural  Gas  Association  of  America 
are  stinging  indictments  of  a  criminal  systein, 
fostered  by  both  the  gas  companies  and  the 
public,  that  has  resulted  in  wasting  more  gas 
than  has  ever  been  utilized. 

In  West  Virginia  only  eight  years  ago  not 
less  than  500,000,000  cubic  'feet  of  this 
precious  gas  was  daily  escaping  into  the  air 
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7.  Improper  plufitiitif^.  -Wlierc  a  well  is 
abandoned  and  the  casinj;  i)iilled,  if  the  hole 
is  not  proiH-rly  pluKk'ed,  it  may  result  in  the 
ruination  of  other  jjas  hearinj^  formations  by 
the  mij^ralin^'  of  gas  or  water  from  one  to  the 
other,  or  the  \ery  jjreat  waste  of  j^as  leakini; 
into  coal  veins  or  coming;  u|)  and  passin)^'  out 
into  llu'  air. 

Well  Operation  Wastes 

1.  iri!.s//»;,t;  iias  to  get  ail. — Where  oil  an<l 
gas  are  found  in  the  same  field  it  is  quite  a 
general  practice  for  oil  operators  to  blow  ofT 
the  gas,  that  is,  waste  it,  in  order  to  procure 
the  oil.  This  is  the  i)rincipal  cause  of  the 
depletion  of  many  gas  fields,  and  is  responsible 
for  a  greater  \-olume  of  gas  waste  than 
probably  all  other  causes  put  together. 

In  tests  on  over  lOUO  oil  wells  in  West 
Virginia  it  was  shown  that  the  waste  of 
natural  gas  of  each  well  was  at  the  rate  of 
12  M  cubic  feet  a  day,  or  4380  M  cubic  feet 
of  natural  gas  a  well  per  annum.  There  are 
at  least  10,000  oil  wells  in  West  Virginia,  and 
at  this  rate  the  annual  waste  from  this  source 
would  be  at  least  70,000,000  M  cubic  feet  of 
natural  gas,  equivalent  to  about  one  third  of 
all  the  natural  gas  used  for  domestic  con- 
sumption in  the  United  States 

2.  Excessive  blowing. — Where  wells  are 
blown  into  the  atmosphere  for  water  freeing 
purposes  the  gas  must,  of  course,  be  wasted. 
However,  in  many  cases  the  wells  are  blown 
longer  than  necessary,  and  in  others  it  would 
be  feasible  to  install  siphons  for  the  removal 
of  the  water  so  as  to  curtail  this  form  of  waste. 

3.  Salt  'ivater  troubles.-— In  some  instances 
salt  water  exists  in  the  gas-bearing  formation 
and  in  others  it  works  in  from  other  strata, 
due  primarily  to  improper  drilling  and  casing 
methods.  This  results  in  a  large  waste  of  gas 
when  the  wells  must  be  watered  to  free  them 
of  the  salt  formation  below  in  the  tubing. 

4.  Too  rapid  lowering  of  the  rock  pressure. — 
The  irregular  or  too  rapid  lowering  of  the 
rock  pressure  by  exceedingly  rapid  production 
will  always  produce  undesirable  operating 
conditions,  and  must  ultimately  result  in  a 
large  waste  of  the  total  amount  of  gas  that 
might  have  been  remo\'ed  "ss-ith  more  rational 
operating  methods. 

Transmission  Wastes 

1.  Leakage. — The  structural  conditions 
accounting  for  much  of  the  leakage  along  gas 
lines  are  discussed  later  under  the  heading 
"Gas  Leakage."  The  leakage  in  the  con- 
sumer's  house   piping  beyond   the   meter  is 


\ery  much  larger  than  onlinarily  apfjredalcd. 
In  a  number  of  houses  where  the  leakage  has 
Ijeen  checked  it  has  been  found  that  in  their 
instances  the  leakage  averaged  I'.)  M  cubic 
feet  of  gas  a  year  for  each  house. 

2.  Measuring  dci>ices  curtail  leakage. — In 
many  instances  measuring  a]ii)lianccs  are  not 
use<l  for  measuring  the  gas  either  into  the  line 
or  out  of  the  line.  The  more  extensive  use  of 
measuring  devices  would  reveal  an  enormous 
waste  in  many  lines  that  are  now  supposed  to 
be  tight. 

:i.  Hlouing  drips. — If  the  gasolene  and 
water  vapors  are  not  removed  by  dr^-ing  the 
gas,  considerable  gas  must  be  wasted  where 
these  vapors,  after  they  have  been  precipi- 
tated in  liquid  form,  must  be  blown  out  along 
the  transmission  system.  The  installation  of 
gas  dr\ing  plants  will  therefore  practically 
cHminate  this  form  of  waste  in  addition  to 
conserving  the  gasolene. 

Utilization  Wastes 

1.  Flat  rate. — Much  natural  gas  is  still 
sold  at  a  flat  rate  of  so  much  per  consumer, 
or  so  much  for  each  fire  or  other  fixutre.  This 
puts  a  premium  on  waste  and  results  in  the 
destruction  of  an  enormous  amount  of  gas 
that  might  be  conserved  for  more  intelligent 
and  appreciated  future  use. 

2.  Cheap  gas  for  manufacturing. — When 
natural  gas  is  sold  at  low  prices  for  industrial 
use,  there  is  no  incentive  to  use  the  gas  in  an 
efficient  manner,  and  it  is  therefore  quite 
frequently  used  without  regard  to  efficiency 
or  conservation.  This  is  probably  the  largest 
form  of  waste  in  connection  with  utilization  of 
natural  gas. 

3.  Free  gas. — In  many  cases  boom  towns 
in  the  gas  fields  have  held  out  the  inducement 
of  supph-ing  either  free  gas  or  the  gas  has 
been  sold  at  ridiculously  low  prices  for 
industries  that  would  locate  there.  This 
feature  has  been  especially  troublesome  in 
West  Virginia  and  has  resiilted  in  depri^-ing 
many  domestic  consumers  of  an  adequate 
supply  of  the  best  fuel  available  for  household 
use. 

In  an  extensive  investigation  the  amount 
of  gas  consumed  by  domestic  consumers  in 
West  Mrginia  haA-ing  free  gas  ser\-ice  priA'i- 
leges,  on  account  of  haAnng  gas  weUs  or  gas 
lines  on  their  farms,  it  was  found  that  the 
average  consumption  per  free  consiuner  a 
year  w-as  4S0  ^I  cubic  feet.  This  is  a  waste  of 
at  least  350  M  cubic  feet  for  each  free  con- 
sumer a  5-ear.  There  are  at  least  4400  free 
consumers  in  West  Virginia,  and  at  this  rate 
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of  waste  this  item  alone  amounts  to  1,540,000 
M  cubic  feet  a  year.  This  is  more  than  half 
the  amount  of  gas  used  in  Louisville. 

4.  Carbon  black. — This  is  a  form  of  im- 
proper use  rather  than  absolute  waste.  The 
carbon  black  industry  in  West  Virginia  uses 
50  per  cent  more  gas  than  is  furnished  to  all 
of  the  domestic  natural  gas  consumers  in  that 
state. 

5.  Inefficient  -use. — In  many  cases  natural 
gas  is  used  without  mixers.  The  marked 
difference  between  the  use  of  natural  gas  in 
the  fire  pot  of  an  ordinary  coal  furnace  and  a 
correctly  designed  natural  gas  furnace,  and 
the  cooking  stove  and  lighting  efficiencies, 
emphasize  the  need  of  improvements  in  gas- 
using  appliances. 

6.  Thermostat  control. — Thermostats  for 
controlling  house-heating  appliances  are  out 
of  the  experimental  stage,  and  the  large 
number  in  use  demonstrates  their  reliability 
and  usefulness.  In  addition  to  ministering  to 
the  comfort  of  the  house  occupants,  they  aid 
very  materially  in  conserving  the  gas  con- 
sumption by  preventing  overheating.  Where 
natural  gas  is  sold  at  low  prices  the  practice  is 
still  all  too  common  of  lowering  the  tem- 
perature of  an  overheated  room  by  opening 
a  window  rather  than  by  lowering  the  gas  fire. 

7.  Discount  for  low  pressure  stimulates 
iva.ste. — This  has  the  immediate  practical 
effect  of  lowering  the  price  of  gas  during  the 
peak  load  period  and  stimulates  waste,  for  the 
well-known  human  nature  reason  that  what 
is  made  cheap  will  not  be  saved. 

Offset  Wells 

After  a  well  has  been  drilled  on  one  farm, 
the  term  "offset  well,"  in  a  narrow  sense, 
means  a  well  drilled  on  a  contiguous  farm, 
directly  opposite  from  the  first  well  and 
substantially  the  same  distance  across  from 
the  farm  line. 

It  is  not  necessary  in  all  cases  that  the 
offset  well  be  either  directly  opposite  to  or  the 
same  distance  from  the  property  line  as  the 
well  that  it  is  to  offset.  Thus  one  well  may  be 
an  offset  to  two  or  more  contiguous  wells. 
The  oft'set  well  is  drilled  for  purposes  of 
protection. 

In  gas  territory  the  lessee  may  sink  many  wells 
and  find  gas  in  them  all,  but  he  can  utilize  only 
such  o'.  them  as  have  a  volume  and  pressure  sufficient 
to  enable  him  to  transport  the  gas  through  his  line 
and  deliver  it  to  the  purchaser.  If  no  one  of  them 
has  the  requisite  pressure,  then  none  of  them  can 
be  utilized  and  the  lessor  is  entitled  to  no  royalty. 


What  is  the  proper  way  to  operate  a  gas  lease  is 
therefore  a  question  beset  with  some  difficulty.  Its 
settlement  requires  some  general  knowledge  of  the 
business  and  some  knowledge  of  the  local  field.  The 
lessee  may  have  a  good  well,  from  which  he  can 
utilize  the  gas  with  profit.  He  may  put  down 
another  on  the  same  farm  and  so  reduce  the  pressure 
in  the  first  as  wholly  to  destroy  its  value,  without 
getting  a  sufficient  pressure  at  the  second  to  enable 
him  to  utilize  that.  The  gas,  if  coming  from  one 
well,  would  be  of  great  value.  Divided  in  such 
manner  that  the  whole  volume  and  pressure  at  each 
is  below  the  necessary  standard,  the  whole  is  lost.* 

It  is  a  matter  of  common  observation  in 
natural  gas  mining  that  offset  well  locations 
are  frequently  dry  holes.  This  is  because  most 
natural  gas  pools  are  not  strictly  continuous, 
but  are  made  up  of  many  small  local  pools, 
frequently  surrounded  in  whole  or  in  part  by 
a  gas  rock  of  low  porosity.  For  this  reason,  if 
a  producing  well  has  been  drilled  into  one  of 
these  small  gas  pools,  there  is  a  large  chance 
that  the  offset  well  location  may  go  beyond 
the  limits  of  the  pool  and  therefore  be  a  dry 
hole. 

The  fact  that  offset  natural  gas  wells  are 
frequently  of  lower  capacity  than  the  wells 
that  they  offset  may  be  accounted  for  as 
follows : 

If  the  offset  well  is  drilled  at  the  extreme 
edge  of  a  small  local  pool  its  capacity  would 
natural!}'  be  smaller  than  the  original  well 
drilled  more  nearly  in  the  center  of  the  pool. 
Furthermore,  when  the  first  well  is  drilled  into 
the  pool  the  rush  of  gas  has  a  marked  tendency 
to  open  up  numerous  channels  of  low  resist- 
ance so  that  the  gas  in  the  sand  can  get  to  the 
well  opening  with  a  minimum  of  friction. 
The  high  initial  rock  pressure  aids  sub- 
stantially in  first  creating  such  lines  of  least 
resistance  and  then  in  freeing  them  of  loose 
particles  of  sand  which  are  blown  out  through 
the  well.  Even  though  an  offset  well  is  after- 
wards drilled  in  the  same  pool,  the  initial  rock 
pressure  will  probably  be  lower  than  for  the 
first  well,  and  the  lower  gas  pressure  wil  not 
be  near  as  likely  to  produce  favorable  condi- 
tions for  flowing  to  the  bottom  of  the  offset 
well  as  were  produced  in  the  first  well. 

The  crux  of  the  entire  "offset  well-drilling 
question"  is  whether  the  decision  to  make 
the  additional  investment,  providing  the 
increased  annual  operating  cost  and  cutting 
down  the  reserve  acreage,  shall  be  made  by 
the  farmer — with  no  risks  involved  and  no 
obligation  to  the  public — or  the  party  who 
must  provide  the  money,  assume  the  financial 
risk  and  operating  duty.  All  of  such  increased 
burdens  represent  an  unnecessary  waste  which 
will  ultimately  be  paid  for  by  the  public. 


Ml 
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Tlu'  foUowiii},'  analysis  j^ivcs  the  reasons  for 
the  driUinK  1)>-  one  eomi)any  of  12!)  wells  in 
West  VirKinia  durinj,'  lUKi,  and  eini)hasizes 
the  olTset  well  burden,  as  well  as  the  larjje 
number  that  were  drilled  on  the  demands  of 
the  lessors. 

Reason  for  Drilling                                                   No.  of  Wells 

To  save  lease ....  96 

Offset 68 

For  oil 74 

For  gas 52 

Wildcat 4 

Requirements  of  lease 5 

Demand  of  lessors I'M 

Total 429 

Gas  Leakage 

The  dirtlculty  in  keeping  gas  joints  tight  is 
not  ordinarily  appreciated  and  results  in  an 
enormous  waste  from  defective  joints  and 
minute  openings  in  gas-carrying  equipment. 
The  laws  of  gas  leakage  may  be  stated  as 
follows : 

1.  The  relative  leakage  tendencies  of  two 
fluids  under  the  same  conditions  are  inversely 
proportional  to  the  square  roots  of  their 
densities.  Natural  gas  has  a  density  of  about 
0.64.  That  is,  the  leakage  tendency  of  natural 
gas  will  be  14-0.8=1.25  times  that  of  air 
under  similar  conditions.  Water  has  a 
density  S19.5  times  that  of  air;  hence  the 
leakage  tendency  of  natural  gas  is  much 
greater  than  that  of  water  at  the  same 
pressure.  This  accounts  for  the  universal 
difficulty  in  keeping  gas  confined. 

2.  The  quantity  of  leakage  through  a 
given  opening  will  vary  directly  as  the  square 
root  of  the  differential  pressure. 

3.  Amount  of  leakage  is  independent  of 
the  quantity  or  velocity  of  gas  passing 
through  the  main. 

A  typical  gas  main  joint  coupling,  as  shown 
in  Fig.  12,  has  four  surfaces  adjacent  to  the 
rubber  where  leakage  ma}'  be  possible.  On  a 
16-inch  main  each  coupler  presents  about  17 
linear  feet  of  potential  leakage  surface.  The 
magnitude  of  this  in  a  large  system  is  e\'ident 
when  we  consider  that  about  270  couplers  will 
be  required  to  the  mile,  thus  making  4590  ft. 
of  possible  leakage  surface. 

Welded  gas  mains  are  coming  into  use.  but 
the  welded  process  can  not  be  used  except  on 
new  work  or  in  main  line  installations  where 
the  entire  line  can  be  shut  down  and  drained 
of  gas  before  welding. 

*  U.  S.  Geological  Survey  Statistics.  Natural  Gas  in  1916. 
p.  662. 

t  J.  B.  Garner.  "The  Chemical  Possibilities  of  Natural  Gas." 
Paper,  Natural  Gas  Association  of  America.  Pittsburgh  meeting. 
May  23.  1918. 


Carbon  Black  Manufacture 

In  ihi-  American  trade  the  term  "'    •    ■    '  '      ':  "  i^ 
usually  understood  to  be  a  soul     !  the 

sniudue  (irocess  and  made  from  o.  ^mc 

other  solid  or  li<|uid  raw  material,  «ri.  i..i.  .iri>on 
blai'k"  is  the  term  applied  to  a  black  ilejjosiled  by 
actual  contact  of  a  flame  upon  a  metallic  surface.* 


Fig.  12.     Longitudinal  Section  of  a  Natural  Gas  Pipe 
Coupler  showing  Four  Possible  Leakage  Joints 

Carbon  black  is  now  made  by  the  wasteful 
process  of  incomplete  combustion  of  natural 
gas.  That  is,  the  gas  is  simply  burned  in  the 
open  and  the  flame  impinging  against  a 
metal  plate  makes  the  black  deposit.  From 
1 1  8  to  1  Jo  pounds  of  carbon  black  are  made  to 
each  M  cubic  feet  of  gas  burned.  The  only 
product  obtained  is  the  carbon  black,  and  this 
utilizes  only  a  very  sm.all  percentage  of  the 
total  carbon  content  of  the  gas. 

The  total  annual  quantity  of  natural  gas 
used  for  carbon  black  manufacture  is  more 
than  26,000.000  M  cubic  feet.  This  wastes 
about  10  times  as  much  gas  as  was  used  in  the 
city  of  Louisville,  or  the  equivalent  of  one 
eighth  of  the  domestic  natural  gas  con- 
sumption in  the  United  States. 

Dr.  J.  B.  Gamer,  of  the  Mellon  Institute  of 
Industrial  Research,  Pittsburgh,  Pa.,  has 
dem.onstrated  that  with  correctly  designed 
appliances  the  yield  of  carbon  black  can  be 
made  three  times  as  high  as  that  usually 
obtained  and  in  addition  save  a  usable 
commercial  gas.f 

Carbon  black  manufacture  may  be  more 
attractive  than  public  utility  service  for  the 
following  reasons : 

1.     It  is  not  subject  to  the  many  phases  of 
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jar, 


l)iil)lii'  irKulalion  lliat  ooiilrol  llic  iiiarkL'lin^,' 
of  natural  jjas  as  a  jmhlic  utility  service. 

2.  The  i)rice  is  not  coiitrolK'd  hy  rale 
fixing  bodies. 

.'}.  The  ])lanls  are  located  in  the  fields 
clo.se  to  the  leases,  and  sometimes  on  the  leases 
themselves,  so  that  the  ordinary  Kalhering 
lines  are  the  onh-  transmission  equipment 
necessary,  and  these  are  so  short  as  to  not 
even  require  the  use  of  j;as  compressors. 

4.  A  natural  i^iii^  jjlant  operatinj.^  as  a 
public  utility  has  a  load  factor  of  only  about 
34  per  cent.  The  carbon  i)lant  load  is  uniform. 

5.  The  proximity  of  the  carbon  i^lants  to 
the  wells  makes  it  possible  to  carry  lower  well 
pressures  than  can  ordinarily  be  reached  by 
contiguous  public  utility  companies  having 
their  wells  discharge  into  intake  lines  to 
compressor  stations. 

6  In  a  number  of  instances  carbon  plants 
have  been  located  where  it  would  not  be 
feasible,  with  i)resent  prices  for  natural  gas, 
to  lay  lines  in  order  to  transmit  the  gas  into 
the  public  utility  transmission  systems. 

7.  The  carbon  black  plants  do  not  carry 
reserve  acreage,  as  a  general  rule. 

S.  The  plant  hazards  are  much  less  than 
those  in  a  public  utility  plant. 

0.  The  investment  necessary  for  each 
1000  cubic  feet  of  natural  gas  handled  will  be 
about  10  times  larger  in  a  public  utility  plant 
than  in  a  carbon  black  plant. 

Relative   Investment   Required   by   a   Natural   Gas 
Public  Utility  Plant 

It  is  not  ordinarily  appreciated  that  the 
investment  necessary  to  render  natural  gas 
service  is  very  much  greater  to  each  consumer 
than  for  any  other  utility  service.  That  is,  the 
investment  to  each  consumer  in  natural  gas 
properties,  from  gas  leases  to  domestic 
meters,  is: 

1.  Three  hundred  per  cent  more  than  in 
electric  plants. 

2.  One  hundred  and  fifty  per  cent  more 
than  in  waterworks  plants. 

3.  One  hundred  per  cent  more  than  all  of 
the  Bell  Telephone  toll  lines  and  Bell  ex- 
changes in  the  United  States. 

4.  Fifty  per  cent  more  than  in  ordinary 
manufacturing  gas  plants. 

The  investment  from  reserve  acreage  to 
consumer's  meters  in  a  natural  gas  plant 
rendering  public  utility  serx-ice  and  selling  on 
an  average  of  about  100  M  cubic  feet  of 
natural  gas  to  each  domestic  consumer  a  year 
will  be  about  .s220  to  each  consumer,  or  -52.20 
for  each  M  cubic  feet  of  gas  delivered  a  year. 


Competition  Always  Economic  Waatc 

Competition  in  a  gas  (leM  always  results 
in  a  (hiiilication  of  lines,  unneccssarv*  wells, 
enhancecl  ojteraling  cost,  lack  of  j)roper 
cof)rdination,  failure  to  remo\e  all  the  gas, 
and  shortened  life  of  the  fiehl,  with  the 
inevitable  re.sulting  injun.'  to  the  domestic 
consumer. 

Under  comiietitive  conditions,  even  where 
the  underground  gas  reservoir  is  mafle  up  of 
many  local  poc)ls,  various  operators  will  drill 
into  the  same  local  pool,  and  thus  drain  out 
the  gas  frf)m  under  each  other's  lea.seholds. 

Indiscriminate  drilling  by  inexperienced 
local  operators  always  tends  to  increase  the 
use  of  gas  for  manufacturing  jjurijoses,  and 
takes  the  gas  out  at  the  fastest  possible  rate, 
thereby  decrea.sing  the  effective  life  of  the 
Ijool . 

Critical  Need  of  the  Natural  Gas  Industry 

The  natural  gas  industry  is  in  a  transition 
stage,  going  from  the  large  volume  and  low- 
priced  basis  of  the  past  to  the  small  voltune 
and  inevitably  higher  price  of  the  future. 
Strong  individualism  dominated  the  past. 
Public  policy  will  ultimately  require  that 
legalized  and  regulated  collective  co-opera- 
tion, rather  than  cut-throat  competition, 
dominate  the  future.  The  greatest  need  of  the 
industry  today  is  the  adequate  recognition 
of  the  dominating  factors  in  the  natural  gas 
conservation  problem,  which  are: 

1.  Mandatory  pooling  of  field  operations, 
coupled  with  an  adequate  market  price. 

2.  Education  of  the  natural  gas  producers, 
and  of  the  public,  coupled  with  national 
constructive  legislation.  Any  legislation,  of 
course,  to  be  of  value  to  the  public  must  be 
so  framed  as  to  stimulate  production  and  the 
constant  search  for  new  supplies. 

The  present  governmental  attitude  in 
preventing  unity  of  action  in  the  gas  field 
causes  a  decrease  in  the  life  of  the  leaseholds, 
stimulates  waste,  and  increases  the  cost  of 
the  gas  to  the  public.  Gas  field  operating 
conditions  should  be  regarded  as  a  natural 
monopoly,  so  that  in  the  developnemt  of  the 
field  one  company,  or  one  "operating  pool," 
could  space  the  wells  properly,  and  drain  the 
field  only  at  the  rate  of  its  safe  working 
capacil}-,  thereby  greatly  increasing  and 
strengthening  the  life  of  the  field. 

The  economic  fallacy  of  competition  be- 
tween utilities  is  now  thoroughly  established. 
Competition,  either  as  a  guarantor  of  good 
ser\-ice  or  regulator  of  rates,  has  failed.  The 
doctrine  that  the  public  is  ser\-ed  best  by  a 
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legalized  and  regulated  monopoly  has  become 
a  fixed  part  of  American  public  utility  juris- 
prudence, and  ought  to  be  applied  to  the 
mining  operations  in  the  natural  gas  field. 

Provincial  Thinking  Cause  of  Most  Waste 

The  provincial  habit  of  looking  at  natural 
gas  from  the  dwarfed  viewpoint  of  local  use 
and  the  immediate  present  is  the  primary 
cause  of  our  acute  natural  gas  service  prob- 
lems of  today.  The  history  of  the  industry 
has  been  one  of  unrestrained  waste  and 
profligate  disregard  for  the  public's  interest. 
This  has  been  emphasized  by  creating 
provincial  aspects  rather  than  recognizing 
the  national  and  interstate  nature  of  the 
business.  The  selfish  motive  of  trying  to  keep 
the  natural  resources  of  a  state  within  the 
state  boundaries,  so  as  to  make  consumers 
locate  within  the  state  boundaries  in  order 
to  enable  them  to  use  the  resource,  has  been 
the  dominating  feature. 

Natural  gas  prospectors  are  optimists,  with 
individualism  as  the  dominating  character- 
istic. They  are  over-sanguine,  but  if  it  were 
not  for  this  characteristic  they  would  not  be 
searching  for  new  supplies  of  gas.  They  do 
things  in  a  big  way,  take  large  risks,  are  good 
sportsmen  and,  therefore,  good  losers.  How- 
ever, the  gains  must  in  the  end  be  more  than 
the  losses  or  they  will  not  continue  in  the  hunt 
for  gas  supplies  for  future  service. 

Natural  gas  can  be  found  only  by  diligent 
prospecting.  After  it  is  found  the  service  can 
be  maintained  only  by  further  searching  for 
new    supplies.       In    this    development    the 


prospector  must  figure  on  many  dry  holes. 
The  average  for  all  drilling  in  the  entire 
United  States  is  that  every  fourth  hole  is  dry. 
In  opening  up  new  fields  this  may  be  much 
higher. 

Since  the  hazards  are  greater  than  in  any 
other  mining  enterprise,  the  profits  ought  to 
be  correspondingly  greater.  This  element 
of  profit  is  the  only  incentive  which  impels 
men  to  engage  in  so  speculative  an  enter- 
prise. 

Natural  gas  has  never  been  equaled  by  any 
man-made  product  for  many  high-grade 
utility  services.  The  only  thing  that  will 
effectively  conserve  the  supply  for  future  use 
and  insure  continuity  of  service  is  price 
commensurate  with  the  value  of  the  service. 
Therefore,  the  public  is  served  best  when 
natural  gas  mining  is  made  profitable. 

The  feasibility  of  conserving  wastes  or 
developing  new  supplies  and  connecting 
these  with  a  market  depends  on  the  co- 
ordination of  various  factors. 

In  no  case  would  it  be  prudent  business  or 
good  judgment  to  attempt  to  conserve  a 
waste  of  gas  or  develop  a  new  supply  that 
would  not  take  care  of  the  fixed  charges  and 
the  operating  cost  during  the  life  of  the  gas 
that  is  saved  or  developed  on  the  basis  of  the 
volume  of  gas  that  can  be  obtained  from  such 
an  enterprise  and  delivered  through  the 
consumer's  meter.  An  adequate  price  is 
therefore  the  crux  of  the  natural  gas  conser- 
vation question.  Unless  it  is  made  worth 
saving  by  the  public  it  will  not  be  good 
business  judgment  to  attempt  to  save  it. 


A  Review  of  the  N.E.L.A.  Lamp  Committee  Report 


By  (i.  F.  Morrison 

V'llE-PRKSiniCNT  CiENKRAI.  El.KCTKK'    COMPANY 


The  Laniii  Conimiltcc  Report  of  the  National  Electric  Light  Association  is  always  a  valuable  dwumcnt 
to  the  lighting  industry;  this  year's  report  is  no  exception.  Mr.  Morrison's  article  summarizes  the  report  and 
emphasizes  the  most  important  parts.  The  statistical  data  is  well  worthy  of  close  study.  No  one  could 
doubt  the  progressiveness  of  the  lamp  manufacturers  after  studying  the  tables  accompanying  this  article. — 
Editor. 


Following  its  established  custom,  the  Lamp 
Committee  has  issued  its  annual  report,  giv- 
ing statistics  and  a  record  of  progres.s  of  in- 
candescent lighting  equipment,  which  serves 
as  a  valuable  guide  in  ])lanning  the  activities 
of  the  lighting  industries. 

An  outstanding  feature  of  this  year's  con- 
vention was  the  Lighting  Exhibit,  which  is 
described  in  a  separate  article.  It  included  the 
typical  standard  and  new  lighting  appliances, 
and  presented  the  opportunity  of  visualizing 
the  most  modern  practice  in  the  application 
of  equipment  in  important  fields  of  lighting 
service.  The  exhibit  presented  its  lessons  so 
effectively  that  they  could  not  well  be  over- 
looked.    Concerning  the  exhibit,  the  report 

TABLE   I 

DOMESTIC    INCANDESCENT   LAMP   SALES, 
1907-1918  INCLUSIVE 


Year 

Per  Cent  Carbon 

Per  Cent 

Per  Cent 

and  Gem 

Tantalum 

Tungsten 

1907 

99.2 

0.7 

0.1 

1908 

92.7 

1.8 

o.o 

1909 

84.1 

2.1 

13.8 

1910 

78.0 

3.5 

18.5 

1911 

71.9 

2.7 

25.4 

1912 

.59.0 

1.0 

40.0 

-  1913 

43.3 

0.1 

56.6 

1914 

29.5 

70.5 

1915 

21.1 

78.9 

1916 

16.3 

83.7 

1917 

13.0 

87.0 

1918 

11.0 

89.0 

says:  "This  production  which  may  be  con- 
sidered the  main  portion  of  your  Committee's 
report,  has  been  possible  only  by  reason  of  the 
generosity  of  the  lamp  manufacturers  and  the 
co-operation  of  the  Lighting  Sales  Bureau  of 
the  Commercial  Section." 

The  statistics  of  the  report  are  with  special 
reference  to  the  calendar  year  of  1918,  al- 
though for  purposes  of  indicating  the  trend, 
figures  for  previous  years  are  included. 


Lamp  Sales 

Excluding  miniature  lamps,  ISd  million 
lamps  were  sold  for  domestic  use.  The  per- 
centage increase  in  number  of  lamps  sold  over 
the  preceding  year  was  9.4,  whereas  1917  had 
shown  17  per  cent  increase. 

Of  the  ISO  million  lamps,  166  million  were 
of  the  tungsten  filament  type — an  increase  in 
ntimbers  of  12  per  cent  over  1917. 

The  distribution  of  lamps  between  the 
tungsten  and  carbon  classes,  as  reported  in 
Table  I  and  Fig.  1 ,  shows  a  transfer  of  2  per 
cent  from  the  carbon  to  the  tungsten,  so  that 
now  nearly  90  per  cent  of  the  lamps  are  of  the 
tungsten  class. 
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Fig.  1 

Of  these  tungsten  filament  lamps,  142 
million,  or  85^2  per  cent,  were  of  the  vacuum 
type  and  24  million,  or  14^2  per  cent,  were  of 
the  gas-filled  type.  This  represents  an  in- 
crease for  the  year  of  ^.o  per  cent  for  vacuum 
lamps  and  37  per  cent  for  gas-filled  lamps. 

Gem  and  Carbon  Lamps 

The  report  records  the  passing  of  the  Gem 
or  metallized  filament,  which  had  first  come 
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into  use  in  1905  and  had  proved  useful  in  the 
transition  from  the  carbon  to  the  tungsten 
filament  lamps.  As  explained  later  on  in  the 
report,  the  war's  demand  for  the  m_ost  efficient 
lamps  was  a  dominating  influence  in  the  with- 
drawal of  the  Gem  lamp. 

The  carbon  lamp,  due  to  its  low  cost  and 
sturdy  construction,  is  still  used  for  severe 
service  where  lamp  breakage  is  a  predominat- 
ing factor  of  lighting  costs.  Such  lamps  are 
largely  used  for  temporary  lighting  and  in- 
dustrial construction  which,  on  account  of  the 
requirem_ents  of  the  war  period,   has  main- 


tained about  the  same  demand  as  for  the  past 
two  or  three  years. 

The  Committee  anticipates  a  decline  in  the 
use  of  carbon  lamps,  especially  in  view  of  the 
recent  development  of  the  mill  type  tungsten 
filam.ent  lamp,  which  is  treated  more  fully 
in  a  later  reference. 

Miniature  Lamp 

Miniature  lamps  are  practically  all  now  of 
the  tungsten  filament  types.  Their  use  has 
witnessed  a  considerable  growth  due  to  the 
increased  numbers  of  automobiles  and  flash- 


TABLE   II 

1918  DISTRIBUTION   BY   VOLTAGES  OF   TOTAL  LAMPS  SOLD 


Voltage  Group 


Per  Cent  of  Total  Sales 


110-125  volts 

220-250  volts 

Street  Series  (4.0,  5.5,  6.6  and  7.5  amperes). 
Street  Railway  (5  in  series  on  525-650  volts) 
30  and  60  volts  (Train  and  Farm  Lighting) . 
Miscellaneous 

Total 


82.1% 
7.6% 
1.3% 
3.8% 
4.0% 
1.2% 

100.0% 


TABLE  III 
DETAIL  DISTRIBUTION  OF   MULTIPLE  TUNGSTEN  LAMP  SALES 

Lamp 

PER  CENT  OF  CROUP  S.\LES                                  PER  CENT  OF  TOT.\L  TUNGSTEN  S.iLES 

1916                     1917          1           1918 

1916           .           1917                     1918 

Multiple  Mazda  B  Lamps 

Signs 

15  watts 

20  watts 

25  watts 

40  watts 

50  watts 

60  watts 

100  watts . 

Miscellaneous 

Total  Multiple  "B 

75  watts 

100  watts 

150  watts 

200  watts 

.300  watts 

400-500  watts 

750-1000  watts 

Miscellaneous 

Total  Multiple  "C 


8.8 

6.1 

2.0 

25.7 

29.0 

6.0 

17.9 

3.8 

0.7 


100.0 


7.6 

5.0 

1.2 

27.1 

29.5 

8.'5 

17.3 

3.2 

0.6 


100.0 


5.9 
6.7 

27.1 
29.4 
10.2 
16.2 
2.4 
2.1 


100.0 


7.8 

5.3 

1.7 

22.4 

25.2 

5.2 

15.6 

3.3 

0.6 


87.1 


6.4 

4.2 

1.0 

23.0 

25.0 

7.0 

14.8 

2.7 

0.5 


4.9 
5.5 

22.4 

24.3 

8.4 

13.3 

2.0 

1.7 


84.6 


82.. 


Multiple  Mazda  C  Lamps 


25.0 
46.0 

14.5 
5.5 
4.0 


31.0 
39.0 

2.1 
15.3 
4.2 
4.2 
2.1 
2.1 

100.0 


32.1 
36.9 
3.6 
15.6 
4.0 
-4.1 
1.3 
2.4 

100.0 


1.9 
3.5 

1.1 
0.4 
0.3 
0.2 
0.2 


3.1 

3.9 
0.2 
1.5 
0.4 
0.4 
0.2 
.  0.2 


4.1 
4.7 
0.4 
1.9 
0.5 
0.5 
0.3 
0.3 


.\  Ri;\ii:\v  (>i-  rill-;  nmci-.a.  i.a.mi'  co.MMi'n-i';!:  kI'I-ort 


lights,  for  which  llicsc  him])s  form  tliu  ex- 
clusive li^ht  sources.  On  cciUral  sialic m  cir- 
cuits miniature  lunj^sten  lam])s  are  l)ein^,'  em- 
j)loye(l  in  increasinjj  numbers  for  candelahra 
and  t'lirislmas  tree  liKhling 

Distribution  of  Types  and  Sizes 

Tallies  II,  III  anil  IV^  show  the  distribution 
of  the  1S)IS  lamp  sales  among  the  various 
types  and  sizes.  More  than  82  per  cent  of  ;dl 
lamps  sold  were  of  the  110-12")  volt  grou)). 
v.'hile  7.1)  per  cent  were  of  the  22()-2.")()  volt 
grou])s.  The  40  wall  is  shown  to  be  the  most 
popular  lampof  the  1 10-12.3  volt  groujiof  tung- 
sten filament  lamps,  repi^esenting  more  than  a 
quarter  of  the  sales  in  this  group.  The  25  and 
60  watt  are  second  and  third  respectively. 

The  oO  watt  lamp  which  was  put  on  the  mar- 
ket four  years  ago  has  shown  the  greatest  gain 
among  the  vacuum  lamps  of  this  group,  hav- 
ing an  increase  of  30  per  cent  over  1917. 

The  demand  for  sign  lamps  shows  a  falling 
off  of  33  per  cent,  largely,  no  doubt,  on  ac- 
count of  the  government  restrictions  of  sign 
lighting  during  the  vear. 


TABLE  IV 
DISTRIBUTION  OF   TUNGSTEN  LAMPS  OF  THE   110-125   VOLT  GROUP 


Size  of  Lamp 


PER  CENT  OF  GROUP  SALES 


PER  CENT  I.VCREASE  OR  DECREASE 
IS  ACTUAL  SALES 
(1918  OVER  1917) 


Vacuum  Class 

Sign 

lO-watt  S-17 

hu)h^'^^^^y.'.'.'.'.'.'.'.'.'.'.'. 

4.5% 

2.7% 

6.9  <f 

24.:5% 

25.0% 

7.5% 

15.1% 

3.0% 

0.9% 

2.7% 

2.4% 

5.8% 

23.5% 

25.5% 

8.8% 

14.0% 

2.1% 

1.8% 

86.6% 

Decrease 

No  change 

Decrease 

Increase 

Increase 

Increase 

Increase 

Decrease 

33% 
7% 

25  watt 

7% 

40  watt 

13%; 

50  watt 

30% 

60  watt 

3% 

100  watt 

21% 

Class 

Total  Vacuum 

89.9% 

Increase 

'  % 

Gas-Filled  Class 


75  watt 

100  watt 

150  watt 

200  watt 

300  watt 

400-1000  watt 

Miscellanoues 

Total  Gas-Filled  Clas 

Grand  Total 


3.2% 
4.0% 
0.3% 
1.4% 
0.4% 
0.6% 
0.2% 

10.1% 

100.0% 


Increase 

49% 

Increase 

36% 

Increase 

109  %c 

Increase 

57% 

Increase 

41% 

Increase 

37% 

Increase       47% 
Increase       1 1  % 
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The  75,  100  and  150  watt  gas-filled  tungsten 
lamps  appeared  to  be  replacing  the  100  watt 
vacuum  lamp,  the  sales  of  the  latter  having 
decreased  considerably. 

Considering  lamps  of  110-125  volts,  the 
number  of  vacuum  tungsten  lamps  sold  has 
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increased  7  per  cent,  while  for  the  gas-filled 
lamps  the  increase  in  nearly  50  per  cent. 

The  most  popular  of  the  gas-filled  lamps  is 
the  100  watt  size,  which  is  closely  followed  by 
the  75  watt. 


Gas-filled  lamps  represent  numerically  13.4 
per  cent  of  the  110-125-volt  tungsten  group, 
but  in  wattage  they  represent  36  per  cent.  A 
calculation  based  on  the  figures  given  in  the 
report  indicates  that  the  gas-filled  tungsten 
lamps  represent  over  40  per  cent  of  the  candle- 
power  of  all  large  incandescent 
lamps  sold  during  the  j'ear. 

Average      Candle-power,      Watts      and 
Efficiency 

As  shown  in  Table  V  and  Fig.  2, 
the  average  size  and  efficiency  of 
lamps  continues  to  increase  at  a 
reasonable  rate.  It  is  noted  that 
the  average  lamp  efficiency  for 
1918  is  over  three  times  what  it 
was  in  1907,  when  tungsten  fila- 
ment lamps  were  first  introduced. 

Street  Series  Lamps 

Street  series  lamps  have,  due  to 
the  reduced  use  of  the  higher  can- 
dle-power sizes,  fallen  off  nearly  2 
per  cent  in  average  candle-power, 
as  shown  in  Fig.  3.     Considering 
only  the  smaller  sizes, that  is,  lamps 
less    than    250    c-p.,    the    average 
candle-power  for  19 IS  is  74  c-p.,  or 
an  increase  of  nearly  3  per  cent  over  1917.  The 
comparison  of  candle-power  size  for  1917  and 
I91S,  in  Table  VI,  shows  the  tendencies  men- 
tioned above.    The  table  shows  that  53.2  per 
cent    of   the   series   lamps   are   6.(3   amperes. 
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SiiU'i'  ;i  larj^i'  niajniity  of  tlif  I.")  and  2()-ain- 
peri'  lain])s  aiv  aiUialh'  opi-rati'd  on  (i.O  am- 
pere circuits,  lhroii},'li  inili\i(lual  transforininj^ 
devices,  the  dominance  of  tin-  (id  ampere  cir- 
cuit is  evident.  Circuit  am])cra).;es  other  than 
().().,  TSi-i  and  ").")  arc  ncj;H^il)ie. 

TABLE  V 

AVERAGE  CANDLE  POWER.  WATTS  AND 

EFFICIENCY 


Colored  Lamp  Bulbil 

Alihoui^li  no  extended  activity  has  fx-en 
carried  on  in  the  i»ast  year,  a  sub-commillce 
has  lieen  endeavorint;  to  secure  a  reasonable 
aKreemenl  anions  central  stations,  which  may 
lead  to  the  standardization  of  a  yellow  or  am- 

TABLE  VII 
DEMAND  OF   LAMPS  BY   VOLTAGES 


ALL  LAMPS 


Year 

Average 
Candle-power 

Average 

Watts 

Average 

Lumens  per 

Watt 

1907 

IS.O 

53.0 

3.33 

1908 

19.0 

53.0 

3.52 

1909 

21.0 

52.0 

3.96 

1910 

23.0 

51.0 

4.42 

1911 

25.0 

51.0 

4.80 

1912 

26.0 

49.0 

5.20 

1913 

29.4 

47.0 

6.13 

1914 

38.2 

48.0 

7.80 

1915 

42.2 

47.4 

8.74 

1010 

45.8 

48.6 

9.60 

1917 

48.7 

50.7 

10.56 

191S 

51.5 

52.7 

10.30 

Voltage  Standardization 

The  sub-committee  did  no  active  work  dur- 
ing the  war  period,  but  it  is  noted  that  over  82 
per  cent  of  all  lamps  were  of  the  voltage 
group  of  110-125,  and  nearly  75  per  cent  of 
these  fall  in  the  voltages  recommended  by 
the  committee,  namely  110,  115  and  120. 

Progress  towards  standardization  is  indi- 
cated by  the  fact  that  in  1917,  65  per  cent  of 
the  110-130  volt  lamps  were  of  the  three 
recommended  voltages,  while  in  1913  the  per- 
centage was  only  45.  Fig.  4  is  a  graphical 
comparison  of  voltage  distribution  between 
1913  and  1918,  while  Table  VII  shows  the 
percentages  for  1917  and  1918. 


100-109 

1 10  (Standard) 

Ill 

112 

113 '. 

114 

115  (Standard) 

116 

117 

118 

119 

120  (Standard) 

121-124 

125 

126-130 

Total  100-130  Volts. 


1.2% 
25.0% 


0.3% 
29.9% 


0% 
0% 

.5% 
.7% 
0% 
0% 
.0% 
0% 
.5% 
.3% 
.5% 
.3% 


100.0% 


8.7% 
1.2% 
1.4% 

27.0% 
1.5% 
1.0% 
.3.3% 
0.2% 

17.7% 
1.3% 
6.1% 
0.4% 

100.0% 


ber  bulb,  and  thus  taking  advantage  of  the 
economic  possibilities  opened  up  by  the  in- 
creased lamp  efficiency.  Although  a  con- 
siderable range  of  preference  still  exists,  the 
weighted  average  of  some  80  observers 
points  to  an  approximation  of  the  color  of 
the  kerosene  flame  as  most  generally  accept- 
able. 

Superficially  colored  lamps,  said  to  be  per- 
manent as  to  color,  have  been  submitted  to  the 
committee  and  found  pleasing.  Further  prog- 
ress seems  to  depend  upon  indication  of  an 
actual  demand. 


TABLE   VI 

STREET  SERIES  LAMPS 


BY  CANDLE 

-POWER  SIZES 

BY  AMPERE  R.ATINGS 

Total 

Amperes 

Per  Cent 

Total 

1917 

1918 

1917 

191S 

Under      60 

14.5 

13.3 

4 

11.3 

11.8 

60 

22.6 

22.7 

5.5 

9.6 

10.9 

80 

11.0 

10.8 

6.6 

53.3 

53.2 

100 

25.5 

29.3 

7.5 

16.7 

15.5 

250 

11.0 

11.7 

15  and  20 

9.1 

8.6 

400 

8.2 

6.2 

600 

6.3 

5.1 

1000 

0.9 

0.9 

Total 

100.0 

100.0 

Total 

100.0 

100.0 
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In  connection  with  this  feature  of  the  re- 
poTt,  it  should  be  noted  that  a  division  of  the 
demand  among  different  shades,  types  and 
sizes  might  seriously  limit  the  practicability 
of  furnishing  and  distributing  such  lamps. 

Country  Home  Lighting  Outfits 

Attention  is  called  to  the  extended  intro- 
duction of  these  gasolene  electric  generator 
storage  battery  sets.  These  are  considered 
beneficial  rather  than  detrimental  to  central 
station  business.  By  educating  people  as  to 
the  advantages  of  electric  lighting  they  m.ake 
them  better  prospects  for  future  central 
station  service.  Such  users  are  usually  con- 
nected to  central  station  service  when  the  ex- 
tension of  lines  renders  it  available. 

Price  Changes 

Fig.  5  shows  the  initial  prices  and  later 
changes  of  110-125  volt  Mazda  lamps,  in- 
cluding the  changes  of  October,  1918. 

Lamp  Development 

The  energetic  work  on  improvements, 
particularly  of  the  gas-filled  lamps,  is  men- 
tioned witii  the  expectation  that  announce- 


m.ents  of  the  results  can  be  made  at  an  early 
date. 

oO-Watt  White  Mazda  Lamp.  One  of  the 
latest  and  most  important  lamjD  developments 
of  the  year,  namely,  the  50-watt  white  Mazda 
lamp  was  announced  too  late  for  inclusion  in 
the  printed  report.  It  was,  however,  dis- 
played at  the  Lighting  Exhibit,  during  the 
latter  days  of  the  convention  and  attracted 
m.uch  favorable  attention. 

The  50-watt  lamp  is  made  in  the  110-volt 
range,  provided  with  a  tipless  PS-20  bulb 
in  diffusing  white  glass  only,  and  is  of  the 
Mazda  C  type. 

While  sufficiently  dense  as  to  conceal  the 
filament  and  appear  uniform.,  the  diffusing 
glass  is  of  low  absorption,  being  about  8  per 
cent  in  excess  of  clear  glass.  As  a  result, 
the  overall  efficiency  of  the  lamp  is  slightly 
better  than  that  of  the  clear  glass  50- 
watt  Mazda  B  lamp.  The  lam.p  is  rated 
at  1.28  watts  per  mean  spherical  candle- 
power. 

The  dimensions  of  the  lamp  are  such  that 
it  is  interchangeable  with  the  40  and  50-watt 
regular  Mazda  B  lamps,  i.e.,  its  length  over- 
all is  51  s  in.  and  its  diameter  is  2^4  in.      It 


r- 

~ 

■~1 

looow-q 

^ 

' 

' 

~~ 

~ 

~ 

750 

Chart  Showing  Dates 
OF  Commercial  Introduc- 
tion OF  ALL  Sizes  of 
Min-TiPLE  Mazda  Lamps, 
WITH  Original  List  Prices 
AND  Reductions  to  Date 

700 

llOOOW-C 

650 

6Q0 

~ 

1  1 

-  500W-C 

750W-C 

5  90 

1 

00  w 

1 

500 

1  1 

^•c 

^ 

... 

^4S_o 

0- 
400 

h 

1 

5ouw 

500W-C 

i 

Lnl ) 

1  1  ! 

_ 

_ 

_ 

- 

— 1 

■A 

[=— 

fl 

soow 

300WC 

400  W-C 

!   IL 

^   3§P 

1 

X 

300 

1 

300V 

J-C. 

1 

25P 

' 

L  E50W 

200 

__ 

100W 

— 

— 

— 

200W-C 

~ 

~ 

1 

i; 

,J250W 

150 
100 

4 

3W 

~ 

— 

— 

- 

1_ 

- 

- 

n 

1 

= 

^ 

^ 

T. 

a. 

-_ 

^ 

— 

50  W - 

10  ow 

=  _ 

MW 

I? 

V'-"- 

3 1  "Vsow 

— 

— 

15C 

W-C 

J 

- 

- 

- 

- 

- 

.50 

— 

~ 

— 

- 

— 

!& 

w 

- 

— 

— 

— 

T 

= 

i  ^ 

- 

^ — \  bow' 

f 

1   1 

^ 

. !     lOOW 

.'-60W 
iq-4(jiw 

— 15WC 

!)4w 

= 

~ 

~ 

^ 

i 

= 

— 

— 

- 

1907       1908       1909 


1910 


1911 


1912        1913        1914       1915        1916       191?        1918         1919 
Year 


A  ki;\ii;\v  oi'  iiii':  x  i:  i..\    lami-  commit'ii;!-;  Ri;i'<)k'|- 


77.'J 


ran,  1  licn-li  uc.  rcplarr  siirli  lamps  willinul 
cliaii.m'  (if  I'lunpnu'iit , 

'rill-  luainil'aflurtTS  regard  tlu'  dilTiisiiij,; 
^lass  as  an  iniporlant  feature,  siiici'  tlic  lamp 
is  likely  to  receive  wide  api)lieali()n  in  homes 
where  the  lamp  will  present  a  ])leasin^;  a|)- 
])earanee  and  emit  a  soft  dilTased  liKhl. 

As  exhibited  in  the  home  li^htinj,'  booth  and 
the  ])ortables,  in  the  foyer  of  the  exhibit,  tlie 
lamp  attracted  much  favorable  comment  on 
its  appearance  and  lij^hting  elTect. 

TIic  Mill  Type  Lamp  which  was  ])laced  on 
the  market  October  1,  lUlS,  was  (le\'elo])ed 
to  meet  the  need  for  a  more  ruj;j,'ed,  hij^^h 
efficiency  lamp  for  special  service,  where  the 
strength  of  the  ordinary  tunj^sten  lamp  had 
proved  insufficient.  Fig.  (i.  While  the  need 
for  such  a  lamp  had  been  recognized  for 
several  years,  and  considerable  work  had 
been  done,  the  efforts  of  the  manufacturers 
were  quickened  by  the  war  emergency. 
Its  adoption  was  also  hastened  by  the 
efforts  of  the  Fuel  Administration  to  bring 
about  the  substitution  for  the  carbon  lamp, 
of  a  lamp  combining  ruggedness  and  effi- 
ciency. 

Manydifficultieswere  encountered  and  some 
of  the  early  samples,  issued  for  practical  serv- 
ice, proved  fragile.  Means  of  overcoming 
these  difficulties  have  been  found  and  while 
in  some  minor  respects  the  lamp  is  still  in  a 
state  of  development,  it  is  now  w^ell  worthy 
of  trial  where  an  especially  sturdy  lamp  is 
required. 

The  special  features  of  the  mill  type  lamp 
are  the  flexible  steel  wire  by  which  the  filament 
mount  is  supported,  and  the  additional 
anchors  for  the  filament.  The  former  absorbs 
vibrations.  The  cooling  of  the  filament,  due 
to  the   additional  anchors,   reduces  the  effi- 


cicncN'  of  this  lamp  about  7  i>er  cent.  (The 
mill  type  lam])  is  made  in  2.")  ami  50  watt 
sizes.) 


Fig.  6.      Mill-type  Lamp 


TABLE  IX 

CENTRAL  STATION   COMPANIES  REPORTING  VARIOUS  LAMP  POLICIES 
Figures  Indicate  Per  Cent  of  Companies  Reporting  in  Each  Group 


NV.MBER  OF  LIGHTING 

CONSU.MERS  SUPPLIED 

Company 
Lamp  Policy 

Less  than 
1000 

1001  to 
5000 

5001  to 
10000 

10001  to 
50000 

Over 

50000 

Total 

1917 

1919 

1917       1919 

1917 

1919 

1 

1917       1919 

1917 

1919 

1917        1919 

Free  Renewals  Only 

Merchandise  Only 

Free  Renewals  and  Merchan- 

0 
85 

12 
3 

0 

100 

0 
80 

2 
18 

0 

100 

0 
63 

31 
6 

0 

100 

1 

80 

9 
10 

0 

100 

2 
32 

56 
6 

■1 

100 

0 
83 

11 
0 

0 

too 

2 
32 

56 
6 

4 

0 

71 

13 
16 

0 

0 
17 

66 
0 

17 

100 

6 
59 

35 
0 

0 

100 

1 
63 

30 
5 

1 

1 
79 

8 

Do  Not  Handle  Lamps 

Give  Renewals — Make  Lamp 

12 

0 

Total 

100 

100 

100 

100 
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25-Watt  Lamps  in  S-17  Bulb.  The  25-watt 
lamps,  formerly  employing  the  S-19  bulb,  are 
now  being  made  in  the  S-17  bulb,  excepting 
lamps  of  the  220-250-volt  group.  It  is  expected 
that  the  change  will  be  complete  and  all  the 
larger  bulb  lamps  disposed  of  by  fall.   The  pur- 


Fig.  7.     Foot  Candle  Meter 

pose  of  this  change  is  to  standardize  one  size  of 
bulb  for  the  lower  wattage  lamps  and  secure 
economies  in  packing  and  storing  lamps. 

Lamps  for  Motion  Picture  Machines.  Sup- 
plementing information  of  previous  reports, 
the  standardization  of  the  600  and  900-watt 
lamps  for  motion  picture  projection  is  re- 
corded.   Both  lamps  are  in  T-20  bulbs. 

The  900-watt,  30-volt,  30-ampere  lamo  is 
generally  recom.mended,  and  the  600-watt  30- 
volt,  20-ampere  lamp  is  only  recommended 
for  short  throws  and  small  screens  and  where 
available  power  is  limited. 

Industrial  Lighting  Codes 

The  progress  in  the  establishing  of  in- 
dustrial lighting  codes  is  briefly  reviewed. 
Mention  is  made  of  the  five  states  which 
adopted  lighting  codes,  namely,  Pennsylvania, 
New  Jersey,  New  York,  Wisconsin  and  Ore- 
gon, as  well  as  four  other  states  in  which 
codes  are  definitely  under  preparation, 
namely,  Ohio,  Massachusetts,  California  and 
Oklahoma. 

The  code  is  being  promulgated  by  the 
LTnited  vStates  Bureau  of  Standards  and  the 
Committee  of  Labor  of  the  Advisory  Com- 
mission of  the  Council  of  National  Defense, 
as  well  as  by  the  Illuminating  Engineering 
Society,  which  Society  originally  prepared  it. 

The  enforcement  of  the  codes  will  not  only 
improve  the  titilization  of  artificial  light,  but 
usually   increase   the   amotmt  of  light  used. 


with  resultant  advantages  to  the  workman, 
to  the  industrial  establishment,  and  to  the 
central  station. 

In  this  connection,  it  is  worthy  of  note,  that 
the  report  of  the  Industrial  Lighting  Commit- 
tee of  the  Lighting  Sales  Bureau,  presented  at 
the  Atlantic  City  Convention,  pointed  out 
surprisingly  large  g.ains  in  manufacturing  effi- 
ciency, resulting  from  lighting,  far  above  the 
usual  standards  of  intensity. 

Foot  Candle  Meter 

The  foot  candle  meter,  which  has  been 
described  in  the  technical  press,  is  a  simple, 
portable  instrument  recently  designed  for 
measuring  illumination  intensities  commonly 
found  in  artificial  lighting  installations,  that 
is  0.05  to  25  foot  candles.  The  instrument, 
which  is  of  small  size,  is  self-contained,  the 
standard  lamp  being  energized  by  a  flashlight 
battery.  The  foot  candle  meter  is  being  used 
with  considerable  success,  especially  in  con- 
nection with  industrial  lighting.  This  in- 
strument is  an  important  factor  in  the  in- 
dustrial lighting  code  situation,  and  by  pro- 
viding a  means  of  recording  actual  intensities 
of  illumination,  will  undoubtedly  hasten  the 
progress  toward  effective  standards  of  "pro- 
ductive" illumination. 


ched 


Fig.  8.      Tz-i   which  may 

the  service  meter  indicating  the  voltage 
These  tags  should,  to  a 
■  of  Mazda 


of  the  circuit. 

large  extent,  prev 

lamps  of  incorrect  voltage  rating 

The  foot-candle  meter  is  shown  in  Fig.  7, 
along  side  of  which  is  an  interior  view  of  the 
meter. 

Fuel  Conservation  Program 

The  Lamp  Com_mittee  co-operated  with  the 
Lamp  Committee  of  the  Association  of  Edison 


A  Ri;\ii:\v  ()!•  ■riiic  \,i;.i,..\   i.a.mi'  (ommitti-:!:  kiumirt 


Illuminating;  Com])anics  anil  with  the  National 
Committee  on  (las  and  Kleetric  Service,  in 
earryinj;  out  tiie  i)ro};rani  of  conservtition  for 
the  Fuel  Administration. 

The  substitution  of  more  eflicient  lami)s 
wherever  jiractieahlc  was  successfully  ur},'ed 
u])on  the  member  com|)anies. 

The  Society  for  Ivlectrical  Dcvcloiiment 
assisted  in  the  I'ublicily  Camjiaign  for  con- 
servation. 

Since  the  withdrawal  of  the  request  for 
voluntary  restrictions,  the  association  has 
received  from  the  Fuel  Administration  an  ex- 
pression of  thanks  for  the  co-operation. 

Company  Lamp  Policy 

Company  lamp  i)olicy  continues  to  be  a 
subject  of  animated  discussion.  The  Com- 
mittee undertook  to  recanvass  the  member- 
ship and  secured  reports  from  .'lU  per  cent, 
covering  every  State  in  the  Union,  which  it 
believed  representative  of  the  industry. 

Table  IX  shows  a  summary  of  results  in 
percentage,  as  to  the  four  principal  practices 
classified  with  regard  to  the  number  of  light- 
ing consumers  supplied. 

Comparison  with  1917  shows  a  tendency 
toward  merchandising  among  companies  of  all 
sizes;  79  per  cent  of  the  companies  are  so 
operating,  as  compared  with  63  per  cent  in 
1917.  The  change  has  apparently  been  some- 
what accelerated  during  the  war. 

There  are  still  many  notable  examples  of 
the  free  renewal  policy.  The  committee  regards 
it  as  a  local  question  and  expresses  no  opinion 
as  to  the  wisdom  of  the  various  policies. 

The  disappearance  of  the  Gem  lamp  from 
the  market  is  recorded,  only  three  companies 
having  reported  its  use  this  year  as  against  83 
in  1917.  The  ultimate  disappearance  of  the 
carbon  lamp  through  the  development  of  the 
sturdy  tungsten  filament  lamp  is  predicted. 

Table  X  compares  the  policy  as  to  lamp 
sales  price  with  that  of  1917. 

New  Channels  of  Lamp  Distribution 

In  view  of  the  tendency  of  central  stations 
to  go  to  a  merchandising  basis,  attention  is 
directed  to  the  rapid  development  of  lamp  dis- 
tributors. Companies  are  urged  to  participate 
in  organized  efforts  so  as  to  supervise  the  dis- 
tribution of  lamps  to  their  customers  and  in- 
sure their  obtaining  the  best  quaUty  of  lamps. 

An  outline  is  given  of  the  practice  of  lamp 
mamrfacturers  in  appointing  and  developing 
agents.  The  education  of  agents  is  furthered 
by  the  use  of  booklets  and  other  printed  mat- 
ter, personal  calls  and  lecttires  before  con- 
tractor-dealer associations  and  by  sales  pro- 
motion magazines. 


Agents  are  further  dcveloiJtd  by  advertis- 
ing, es])ecially  through  window  displays  and 
printed  materials  suited  to  their  necfls.  Sales 
])ri)motion  aid  is  given  in  connection  with  the 
]>re])aration  of  circular  letters,  jiroijcr  U-So  of 
window disjjlays  and  effective  disj)lay  of  gfxtds. 

TABLE  X 

SALE    PRICE 


c  OMPANIES  WHICH 
MRRCHANDISK 

MKI- 

ONLY 

1919 

1917 

■•17 

At  list. . . . 

72% 

11% 

17% 

57% 
24% 

49 
22 

29 

c 

/c 

% 

42% 

28% 

30% 

Less  than  list.  .  .  . 

At  list  and  miscel- 
laneous combi- 
nations.  

Central  Station  Co-operation 

When  three  eastern  central  stations  adopted 
the  merchandising  policy,  a  co-ordination  of 
the  three  branches  of  the  industry  was  suc- 
cessfully worked  out  in  consultation  with  the 
lamp  manufacturers.  The  importance  of  pre- 
serving proper  standards  was  impressed  upon 
the  contractor-dealers  through  their  associa- 
tions. Special  attention  was  given  to  supply- 
ing lamps  of  proper  voltage. 

To  further  assure  proper  selection  as  to 
lamp  voltage,  these  lighting  companies  are 
about  to  adopt  and  place  on  all  meters  a  tag, 
as  sho\\-n  in  Fig.  S.  fiunished  by  the  lamp 
manufacturers.  This  tag,  called  to  the  cus- 
tomer's attention,  by  suitable  advertising,  is 
expected  to  induce  them  to  secure  lamps  of 
correct  voltage. 

One  of  the  large  manufacturers  is  further 
distributing  a  voltage  map  among  dealers  and 
agents. 

Forms  of  Lamp  Contract 

No  important  changes  have  been  made  in 
the  form  of  lamp  contract  offered  by  the 
manufacturers.  The  Committee  recognizes 
that  local  conditions  enter  into  the  ^election 
of  the  most  desirable  form.  While  making  no 
general  recommendations,  the  committee  feels 
that  the  trend  is  toward  a  general  merchandis- 
ing policy. 

The  importance  of  co-operation  with  lamp 
distributors,  where  such  a  policy  is  in  effect, 
is  pointed  out.  with  the  recommendation  that 
the  central  station  take  an  active  part  in 
super\-ising  the  distribution  of  lamps. 

Conclusion 

In  conclusion,  the  Committee  expresses  ap- 
preciation of  aid  from  sources  too  numerous  to 
mention. 
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National  Electric  Light  Association 
Lighting  Exhibit 

By  G.  F.  Morrison 
Vice-President  General  Electric  Comp.\ny 

This  contribution  is  closely  associated  with  Mr.  Morrison's  other  article  appearing  in  this  issue.  It 
describes  the  lighting  exhibits  which  were  considered  as  a  part  of  the  Lamp  Committee  report.  The  author, 
in  describing  the  more  important  exhibits,  tells  of  the  features  in  the  art  of  lighting  which  each  exhibit  was 
designed  to  bring  before  the  public's  attention. — Editor. 


The  report  of  the  Lamp  Committee 
presented  at  the  1919  convention  at  Atlantic 
City,  characterizes  the  lighting  exhibit  as 
the  main  portion  of  the  report.  Both  are 
exceedingly  important,  each  in  its  own  way. 
The  exhibit  in  particular  was  unique  and  a 
source  of  special  incentive  to  an  aggressive 
extension  of  lighting  service. 


sentative.  The  best  of  modern  lighting 
practices  and  equipment  were  presented. 
' '  The  New  Spirit  of  Lighting ' '  was  the 
title,  and  this  was  unquestionably  exemplified 
by  the  pertinent  suggestions  so  vividly  pre- 
sented to  the  attention  of  the  visitors. 

The   exhibit    was   located   on   the    Million 
Dollar  Pier  at  the  end  of  the  long  avenue 


of  Entr 
Motion 


and  Foyer,  Lighting  Exhibit,  N.E.L.A.  Convention,  showing  General  Arrangement  of  Rooms  ; 
ure  Screen  in  the  Background.     The  lighting  of  this  area  was  accomplished  by  i 
of  portable  lamps  of  the  direct  and  indirect  types 


The  convention  exhibits,  as  a  whole, 
stand  out  as  probably  the  finest  collection 
ever  presented  to  an  N.  E.  L.  A.  Convention, 
and  the  lighting  exhibit  was  conspicuous  both 
as  to  interest  and  excellence  of  display.  Pre- 
pared, as  it  was,  under  the  auspices  of  the  Lamp 
Committee  and  the  Lighting  Sales  Bureau, 
v.dth  the  active  assistance  of  the  lamp  manu- 
facturers and  the  co-operation  of  other 
branches  of  the  industry,  it  was  truly  repre- 


of  commercial  exhibits,  just  beyond  the 
point  where  one  turned  to  enter  the  con- 
vention halls.  The  visitor  was  confronted 
by  a  roomy  alcove  of  rich,  substantial 
appearance,  flanked  on  either  side  by  the 
more  brilliantly  lighted  exhibit  rooms.  At 
the  further  end  of  this  foyer  was  a  screen 
on  which  motion  pictures  and  stereopticon 
slides  followed  each  other  almost  continu- 
ously.      Besides    exemplifying    the    use    of 
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incandescent  lamps  in  moving  picture  and 
automatic  stereopticon  projection,  the  screen 
carried  interesting  illustrations  of  lamp 
manufacture,  equipment  and  application. 

Throughout  the  alcove  were  clustered  com- 
fortable chairs  and  sofas,  which  were  generally 
occtipied  by  social  groups.  On  either  side 
of  the  entrance  were  located  reception  rooms 
of  the  Lamp  Committee  and  Lighting  Sales 
Bureau  respectively. 

Industrial  Lighting 

As  one  entered  the  foyer,  the  first  exhibit 
to  attract  his  attention  was  that  devoted 
to  industrial  lighting.  The  room,  approxi- 
mately 16  X  30  feet,  was  fitted  as  an  auto- 
mobile repair  shop  with  benches,  assemblying 
areas  and  machine  tools.  A  very  important 
point  in  connection  with  proper  industrial 
lighting  is  the  correct  painting  of  walls 
and  ceilings.  Half  of  this  room  was  finished 
in  light  tones  with  high  reflective  power 
and  the  other  half  in  characteristic  dull, 
dingy  finish,  too  often  found  in  industrial 
plants.  Three  systems  of  illumination  were 
provided.  The  first,  typical -poor  lighting 
with  drop  lamps,  unshielded,  glaring  and 
ineft'ective.  The  second  represented  fair  prac- 
tice. A  low  intensity  of  general  illumina- 
tion was  provided  by  means  of  overhead 
units,  supplemented  at  points  demanding 
special  lighting  by  suitably  shielded,  local 
or  drop  lamps.  The  third  change  represented 
good,  modem,  high  intensity  illumination. 
Overhead  units,  of  the  RLM  standard  dome 
type  with  the  proper  size  Mazda  C  lamps  and 
difi^using  shields  were  symm_etrically  spaced 
so  as  to  exemplify  ' '  productive  lighting. ' ' 

A  great  deal  of  data  have  been  presented 
showing  that  high  intensity  general  illumi- 
nation will  produce  increase  in  production, 
and  show  tangible  economic  advantages 
to  manufacturers.  Increases  of  15  per  cent 
or  more  in  production  have  been  secured  by 
good  lighting  which  cost  less  than  5  per  cent 
of  the  payrolls  affected.  Such  increases 
justify  very  much  larger  expenditures  for 
lighting  than  have  until  recently  been  thought 
economically  practicable.  The  contrasts  Idc- 
tween  the  different  systems  of  lighting  shown 
in  the  exhibit  were  self-evident,  as  was  the 
effect  of  wall  finish.  It  was  a  simple  matter 
to  change  from  one  system  to  another  by 
hand  or  when  the  installation  was  not  being 
demonstrated  by  the  man  in  charge  an 
automatic  flashing  device  carried  through 
the  cycle.  In  this  room,  as  in  all  the  others, 
charts,  illustrations  and  data  were  displayed 


on  the  walls,  assisting  the  actual  demonstra- 
tion. 

A  large  working  model  of  the  foot  candle 
meter  for  measuring  illumination  permitted 
one  to  read,  at  a  glance,  the  comparative 
intensities  at  a  central  point,  while  a  number 
of  standard  foot  candle  meters  facilitated 
a  study  of  intensities  throughout  this  and 
other  exhibits. 

Home  Lighting 

Directly  opposite  was  the  exhibit  devoted 
to  home  lighting.  Very  attractive  living 
and  dining  rooms  were  arranged  with 
appropriate  and  artistic  furnishings.  The 
rooms  were  so  wired  that  various  combina- 
tions of  lighting  were  obtained,  and  from 
day  to  day  the  types  of  fixtures  installed  were 
varied.  Direct,  semi-indirect  and  totally 
indirect  illumination  were  all  utilized.  Ceil- 
ing outlets,  wall  brackets  and  portable 
lamps  were  available.  The  flexibility  of 
electric  service  was  evidenced  by  a  mul- 
tiplicity of  baseboard  and  floor  outlets, 
which  served  for  heating  and  cooking  devices, 
an  electrical  fountain,  electrically  driven 
victrola,  fan  and  other  equipments.  Pre- 
cautions were  taken  to  insure  harmony  of 
fixtures,  glassware  and  room  furnishings. 
Special  emphasis  was  laid  on  the  methods  of 
providing  eye  protection  and  comfort.  The 
new  30-watt  White  Mazda  lamp  was  first 
shown  to  the  trade  at  the  convention,  and 
typical  examples  of  its  application  were  to  be 
seen  in  this  residence  demonstration. 

Indoor   Lighting  Equipment  and  Newer  Lamp  Ap- 
pHcations 

The  next  two  rooms  were  devoted  to 
indoor  lighting  equipment  and  newer  lamp 
applications  respectively.  Typical  fixtures 
were  installed  with  individual  control  for 
demonstration  and  the  latest  types  of  reflec- 
tors, portable  lamps,  industrial  units  and 
accessories,  color  matching  units,  moving 
picture  projectors  and  similar  devices  were 
here  available.  No  important  field  of  lighting 
was  overlooked,  even  to  the  latest  develop- 
ments in  stage  appliances,  utilizing  high 
candle-power  lamps. 

Show  Window  Lighting 

A  full  size,  standard  show  window  attracted 
considerable  attention.  This  was  constructed 
in  such  a  manner  as  to  be  typical  to  the 
v.'indow  in  a  high  grade  department  store 
and  appropriately  dressed  by  a  professional 
display  man.    A  rather  elaborate  installation 
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of  lighting  equipment  enabled  a  number  of 
features  to  be  readily  demonstrated. 

The  lighting  effects  were  manipulated 
from  a  control  table  and  automatically 
operated  when  not  being  specially  exhibited. 
In  connection  with  this  control  board, 
illuminated  signs  presented  full  data  on 
the  essential  feature  of  the  lighting  at  all 
times.  Standard  mirrored  and  prismatic 
window  lighting  reflectors  were  used  as  the 
principal  Hghting  units.  Small  mirrored 
reflectors  with  low  candle-power  lamps  fur- 
nished a  slight  amount  of  foot  lighting,  and 
two  standard  stage  spotlights  were  suspended 
overhead. 

Color  effects  were  obtained  by  the  use  of 
gelatine  screens  mounted  in  frames  such  as 
are  used  for  theatrical  spot  lights. 

A  wide  variety  of  lighting  effects  were 
demonstrated,  of  which  the  principal  varia- 
tions were  briefly  the  following: 

(a)  Variation    of    intensity,    showing    the 

value  of  high  intensity. 

(b)  Variation  of  color  of  light,  including 

approximate    daylight    (Mazda    Cj), 
red,  green,  etc. 

(c)  Variation  of  direction  and  distribution 

of    light,    including    portable    stand 
lamps,  spot  lights,  and  foot  lights. 

The  display  on  exhibit  was  of  wicker 
furniture  and  the  window  arranged  some- 
what like  a  summer  porch.  The  combina- 
tion of  lighting  which  seem.ed  to  give  the 
most  pleasing  results  with  this  particular 
display  consisted  of  green  general  illumi- 
nation, a  low  intensity  of  unmodified  foot 
lighting,  table  and  floor  lamps,  and  the 
overhead  spotlamps  which  were  equipped 
with  purple  and  orange  color  screens  respec- 
tively. 

In  demonstrating  the  window,  it  was 
pointed  out  that  the  future  in  show  window 
lighting  lay  in  the  use  of  color  effects  and 
that  all  window  displays  should  not  be  treated 
in  the  same  manner,  but  each  picture  receive 
separate  attention.  To  obtain  the  numerous 
lighting  effects  a  considerable  number  of 
circuits  were  provided.  This  duplication 
is  not  necessary  nor  desirable  for  the  average 
show  window,  although  a  m.odification  of  it 
might  well  be  applied  to  the  central  station 
show  room  for  purely  spectacular  and  demon- 
stration purposes. 

In  the  ordinary  store,  however,  color 
screens  should  be  available  which  can  be 
attached  to  the  regular  window  lighting 
equipment    and    spotlamps    which    could    be 


plugged  in  to  suitably  located  receptacles. 
As  each  display  is  created,  suitable  color 
screens  should  be  applied  and  spotlamps 
correctly  placed. 

Outdoor  Lighting  Equipment 

Adjoining  the  show  window  was  a  room 
devoted  to  the  display  of  outdoor  lighting 
equipment.  This  material  included  street 
lighting  units,  floodlighting  projectors,  signs, 
reflectors  for  tennis  court  lighting  and 
spectacular  applications.  Enlarged  photo- 
graphs showing  some  of  the  material  in  use 
were  suitably  placed  about  the  walls.  This 
exhibit  called  the  attention  of  the  industry 
to  the  wide  field  for  this  type  of  business 
which  is  again  available.  The  latest  types 
of  devices  served  to  awaken  interest  and 
promote  much  valuable  discussion. 

Central  Station  Lamp  Practice 

In  the  booth  devoted  to  the  exhibit  of 
central  station  lamp  practice  were  to  be  seen 
the  findings  of  the  two  surveys  of  the  Lamp 
Committee  in  1917  and  1919.  The  methods 
of  handling  lamps  in  use  by  member  com- 
panies were  graphically  portrayed.  Inter- 
esting charts,  maps  and  tables  showed  the 
trend  of  lamp  practice.  This  exhibit  was 
of  great  value  to  the  central  station  repre- 
sentative as  it  embraced  the  experience 
in  lamp  merchandising,  free  renewals,  parcel 
post  delivery  and  similar  phases.  A  repre- 
sentative of  the  Lamp  Committee  was  in 
constant  attendance  to  give  full  information 
on  all  the  data. 

Educational 

The  entire  exhibit  was  devoted  to  educa- 
tional purposes.  In  addition  to  the  features 
already  mentioned  there  were  some  which 
might  be  considered  as  more  directly  in  the 
educational  class.  This  included  racks 
showing  a  complete  line  of  all  standard 
lamps,  bulletins  dealing  with  practical 
lighting  problems,  detail  information  on 
educational  courses  on  lighting  available 
at  the  different  universities,  the  correspond- 
ence courses  conducted  by  the  N.E.L.A., 
transactions  and  publications  of  the  Illumi- 
nating Engineering  Society,  all  the  modern 
text  books  on  lighting  subjects  and  similar 
literature.  The  illustrated  lecture,  "As  An 
Aid  to  Selling,"  was  demonstrated  by  means 
of  an  illuminated  display,  and  the  text  of 
typical  lectures,^  issued  by  the  various  manu- 
facturers and  institutions,  were  available. 
A  number  of  interesting  charts  were  used  to 
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show  the  effect  of  color  of  walls  and  ceilings 
on  the  resultant  illumination. 

No  one  could  make  even  a  hasty  survey  of 
this  lighting  exhibit  without  being  impressed 
by  the  ground  covered  and  the  importance 
of  lighting  to  the  electrical  industry.  The 
magnitude  of  the  field  is  very  great  and 
an  exhibit  of  this  character  served  to  em- 
phasize this  to  the  delegates.  It  was  rather 
remarkable  to  note  the  m.anner  in  which 
the  lighting  exhibit  was  inspected  in  com- 
parison to  the  average  display  at  a  show 
or  convention.  The  visitor  v.-as  first  drawn 
to  the  attractive  surroundings.  Once  in 
the  area  devoted  to  this  exem.plification 
of    the    "new    spirit    of    lighting,"    he    did 


not  leave  it  with  merely  a  hasty  glance. 
The  exhibits  were  so  vividly  portrayed  and 
so  attractively  arranged,  that  he  at  once 
became  interested  and  paused  to  give 
the  subject  the  attention  which  it  justly 
deserved.  Naturally,  very  few  were  interested 
in  the  minute  details  of  all  phases,  but  it  is 
safe  to  assume  that  practically  no  attendant 
at  the  convention  went  away  without  having 
given  rather  serious  thought  to  at  least  one 
field  of  lighting.  It  is  doubtful  if  any  other 
one  event  in  recent  years  has  given  such  a 
marked  impetus  to  advancement  in  illumina- 
tion or  called  the  attention  of  the  industry 
to  the  possibilities  of  lighting  in  such  a 
striking  manner. 


Chinese  Students  and  American  Training 

By  M.  A.  OuDiN 

ViCE-PRESmENT,   InTERNATION.'VL  GENERAL  ELECTRIC  COMPANY 

Recently  a  joint  convention  was  held  between  the  Science  Society  of  China  and  the  Chinese  Engineering 
Society.  During  the  convention  the  Chinese  students  visited  the  Schenectady  plant  of  the  General  Electric 
Company.  In  the  evening  of  the  same  day  a  social  meeting  was  held  at  the  Edison  Hall,  where  the  students 
were  the  guests  of  the  Company.  On  this  occasion  Mr.  Oudin  presided  and  addressed  the  meeting.  The  Editor 
being  much  impressed  with  Mr.  Gudin's  remarks  prevailed  on  him  to  write  them  for  the  Review.  The  human 
interest  in  China's  struggle  to  "find  herself"  as  a  modern  nation  reconstructed  on  modern  lines  will  appeal  to 
the  reader. — Editor. 

It  is  an  honor  to  be  asked  to  preside  at  this 
session  of  the  joint  convention  of  Chinese  En- 
gineering Society  and  the  Science  Society  of 
China.  It  is  also  a  pleasure  to  welcome  the 
members  of  these  Societies  on  behalf  of  the 
Company  whose  Works  they  have  visited 
today.  I  am  especially  pleased  to  greet  you 
because  of  the  deep  interest  which  I,  in  com- 
mon with  a  great  many  Americans,  take  in 
China  and  her  many  problems.  Especially 
are  Americans  interested  in  the  undoubted 
awakening  of  China  and  her  progressive  de- 
development  along  modern  lines. 

There  are  I  believe  about  1600  Chinese 
students  in  American  colleges.  It  is  fitting 
that  young  Chinese  should  come  to  America 
for  their  professional  studies,  especially  those 
relating  to  engineering  and  science.  In  the 
first  place,  one  of  the  advantages  of  education 
and  training  in  this  country  is  the  freedom  of 
that  education  and  that  training  from  the 
suspicion  of  any  endeavor  to  influence  the 
views  of  students  from  abroad.  Again,  it 
is  our  good  fortune  that  there  is  no  restraint 
on  the  free  expression  of  free  views.  These 
views  are  judged  quite  as  much  by  their  un- 
doubted sincerity  of  purpose  as  by  their 
soundness.    It  is  in  this  atmosphere  and  under 


these  conditions  that  the  foreign  student  ac- 
quires a  correct  understanding  of  the  Ameri- 
can people  which  with  the  knowledge  acquired 
here  makes  of  lives  a  valued  friend  and  a  use- 
ful citizen  on  his  return  home. 

Another  advantage  of  the  United  States  as 
a  place  of  training  for  engineers  and  men  of 
science  from  abroad  is  the  superiority  of  that 
training.  In  foreign  universities  theory  is 
studied  in  a  degree  rareh'  known  here  and  then 
only  to  graduate  students.  Here  rough  and 
ready  methods  have  long  prevailed.  They 
were  necessary  in  building  up  this  great  coun- 
try. The  quickest  solution  of  engineering 
problems  was  usually  sought.  In  the  early 
days  bridges  were  needed  and  they  were  built 
rather  than  designed.  Experience  in  con- 
struction, more  than  refined  calculations  of 
stresses  and  strains,  made  the  structures  safe. 
So  it  was  with  prime  movers,  both  steam  and 
water;  so  it  was  with  dams,  with  water  works, 
with  buildings  and  the  great  variety  of 
mechanical  applications  on  a  large  scale.  Such 
methods  explain  the  miracle  of  America's  de- 
velopment in  the- space  of  one  hundred  years 
and  the  speed  with  which  a  continent  was 
filled  from  the  Atlantic  to  the  Pacific  with 
splendid  cities  and  great  public  works. 
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In  lluso  lalrr  (i;i\s  (Iktc  has  bi-i'ii  murr 
tiiiK'  1(11-  rrliiu-nu'iits  in  lin^'iiici-riiij^.  ^'(>u  can 
see  that  with  snch  a  wi'allh  of  cxpcriflici-  tn 
su|i]iiin  il  tluMii-y  ln'canii.'  like-  a  liviii),'  vital 
liiinK.  I'-uropc  was  practii-aiix'  built  up  wlu'n 
cUf^'inc'iM-inj;  sricnco  Uionu'd  larj,'c'  in  the  world, 
so  ]iraiiit'o  and  theory-  did  not  j^o  hand  in 
hand  to  the  same  extent  they  did  in  America. 

The  ]iroblems  to  be  solved  in  China  are 
curiously  similar  to  those  already  so!\-ed  in  this 
country;  t\)r  the  two  ctnintrics  physicall\- 
present  many  similarities.  The  (le\-elopmenl 
of  China  is  a  continental  problem  just  as  it 
was  in  America. 

As  to  the  study  of  science,  I  need  not  re- 
mind you  that  the  opportunities  and  ad- 
vantages in  America  are  enhanced  by  its 
commercial,  collegiate  and  governmental  re- 
search laboratories,  especially  the  fornier. 
Our  industrial  development  is  intimately  de- 
pendent upon  the  work  done  in  these  com- 
mercial laboratories. 

In  considering  the  achievements  of  the 
youngest  great  country  and  its  advantages  as 
a  seat  of  learning,  we  must  not  overlook  the 
record  of  the  oldest  living  civilization  in  en- 
gineering, science  and  culture.  Since  almost 
the  beginning  of  China's  history  there  were 
two  constant  dangers  to  the  perpetuation  and 
prosperity  of  the  country,  viz.,  the  in^-asion 
of  the  country  by  hordes  of  barbarians  and  the 
inundation  of  the  alluvial  plains  of  Central 
China  by  the  floods  of  the  Yellow  River. 
These  dangers  were  met  by  two  of  the  greatest 
engineering  feats  in  history — the  building  of 
the  Great  Wall,  one  of  the  world's  wonders, 
and  the  control  of  the  Yellow  River,  in  which 
was  included  the  Grand  Canal.  History 
records  the  work  of  the  great  Engineer  Yu. 
Because  of  his  success  in  controlling  the  Yellow 
River,  it  will  be  remembered,  he  was  elected 
Emperor  by  a  grateful  people  and  has  been 
held  in  reverence  ever  since.  In  our  own  days 
there  is  the  remarkable  engineering  work  of 
Dr.  Jieme  Tien-yu,  who  was  educated  at  Yale. 
His  success  as  a  builder  of  Railways  under  ex- 
traordinary engineering  difficulties  without 
foreign  assistance  placed  him  as  one  of  the 
foremost,  if  not  the  foremost,  of  Asiatic  en- 
gineers of  recent  times.  His  recent  death  at 
Hankow  was  a  national  loss. 

The  contribution  of  China  to  the  world's 
store  of  scientific  knowledge  and  progress, 
such  as  the  compass,  printing  and  gun-pow-der, 
is  too  well  known  to  require  more  than  men- 
tion. The  return  by  Germany  of  the  stolen 
astronomical  instruments  as  provided  for 
under  the  terms  of  the  peace  treaty  invites  at- 


icnlion  to  the  early  advance  made  Ijy  China 
in  the  study  of  the  heavenly  bodies. 

In  art,  literature  and  phihwophy  the 
(iriental  nations  have  gone  to  school  at  the 
knees  of  China.  Chinese  art  has  powerfully 
influenced  that  of  the  West.  The  philosophy 
of  Confucius  contains  the  wisdom  of  the  w(jrl<J. 
although  twenty-five  centuries  have  elapsed 
since  that  sage  wrote  his  classics. 

A  few  weeks  ago  I  had  the  pleasure  of 
lunching  with  his  Toth  lineal  descendant. 
That  link  with  the  remote  jjasl  is  an  aston- 
ishing fact.  It  is  difficult  for  those  nations 
with  relatively  short  histories  to  realize  the 
continuity  of  Chinese  history  and  civilization. 
The  annals  of  ancient  China  apjjear  in  their 
true  and  hoary  perspective  only  when  com- 
|)ared  with  dates  and  events  with  which  we 
are  familiar. 

For  instance,  Confucius  was  a  contem- 
jiorary  of  the  last  of  the  fabulous  line  of 
Roman  Kings.  His  was  a  great  name  in  the 
land  before  the  battles  of  Thermopolae  and 
Marathon  were  fought.  Confucius  lived 
nearly  two  centuries  before  the  Great  Age  in 
Greece;  before  the  Parthenon  was  built  and 
before  Xenophon  wrote  his  Anabasis.  Still 
longer  a  time  w^as  to  elapse  before  Alexander 
w-as  to  conquer  the  world.  Uninterruptedly 
Chinese  history  goes  back  two  thousand  years 
before  Confucius.  Xot  so  sure  and  authentic 
as  it  might  be,  however,  until  coming  down 
the  ages,  we  reach  the  ISth  Century  B.C., 
when  the  Shang  dynasty  ruled  China  and  kept 
at  bay  the  Huns  on  the  Northern  and  Western 
frontiers. 

If  I  appear  to  dwell  unduly  upon  Chinese 
history  and  chronology,  it  is  because  I  wish 
to  emphasize  the  fact  that  modem  Chinese 
development  has  its  roots  deep  in  the  past. 
This  ancient  civilization  which  has  persisted 
in  all  its  essential  features  and  has  resisted 
the  shocks  of  time  and  wars  for  over  4000 
years  is  a  vigorous  stock  on  which  the  stem 
of  present  day  culture  is  grafted.  Intellectu- 
ally then  we  might  expect  to  find  and  do  find 
the  Chinese  people  the  equal  of  any  of  the 
more  modem  peoples.  Chinese  students  who 
have  been  trained  abroad  exemplify  this  fact. 
American  educators  with  whom  I  have  spoken 
confirm  my  own  experience  that  the  average 
ability  of  Chinese  students  in  the  United 
States  is  high  and  the  attainments  of  some  of 
them  are  exceedingly  brilliant.  I  would  not 
have  it  understood  that  American  students 
suffer  by  comparison,  for  Chinese  students  I 
fancy  on  the  whole  are  selected  and  sent  here 
or  abroad  for  special  reasons. 
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These  men  on  their  return  have  made  the 
best  possible  use  of  the  knowledge  they  have 
acquired  abroad.  Returned  Chinese  have 
been  numerically  weak  but  mighty  in  patriot- 
ism. They  were  the  first  revolutionists  and 
largely  brought  about  the  Republic  of  China. 

In  engineering  and  industry  lie  the  best 
material  opportunities  for  the  future  con- 
structive efforts  of  those  Chinese  who  have 
had  a  foreign  training.  In  these  spheres  of 
activity  they  can  render  immense  service  to 
their  country,  for  both  are  essential  to  the  up- 
building of  a  powerful  nation. 

On  account  of  her  unparalleled  natural  re- 
sources, China  has  been  called  the  commercial 
prize  of  the  world  and  as  such  has  been  ex- 
ploited by  the  commercial  nations.  Her 
possibilities  as  an  industrial  country  are 
greater  and  infinitely  more  important  to  China 
herself.  For  within  herself  and  for  herself  if 
she  wishes  lies  the  largest  single  market  of  the 
world.  Her  labor  is  tractable,  intelligent  and 
low-priced.  With  Chinese  labor  and  super- 
vision in  co-operation  with  American  experi- 
ence, industry  in  that  country  offers  un- 
exampled opportunity  for  capital  investment 
and  the  employment  of  high-class  Chinese 
assistance.  There  should  theoretically  be  no 
easily  reached  limit  to  the  industrial  de- 
velopment of  China.  The  cost  of  unit-pro- 
duction is  so  low  that  China  does  not  need  a 
tariff  for  protection  however  great  the  need 
for  revenue  may  be  and  however  great  the 
justice  of  a  tariff  of  her  own  making  without 
interference  from  other  nations. 

America  takes  a  very  friendly  interest  in 
China  and  has  shown  that  interest  for  the  past 
sixty  years.  The  first  great  foreign  advisor 
to  China  was  Anson  Burlingame,  a  man  held 
in  grateful  remembrance  today.  Then  came 
that  versatile  diplomat,  Rockhill,  who  al- 
ways upheld  China's  cause.  For  five  years 
this  country  has  been  represented  by  a 
scholarly  man  whose  name  does  not  suffer  by 
comparison  with  that  of  any  diplomat  who 
has  ever  gained  the  good-will,  respect  and  con- 
fidence of  the  Chinese  Government,  Dr. 
Reinsch.     Those  interested  in  the  welfare  of 


China  have  learned  with  regret  of  his  recent 
resignation  as  Minister  to  China.  His  with- 
drawal from  Peking  will  be  a  blow  to  American 
interests  in  that  country. 

In  the  last  few  months  there  has  been  a  good 
deal  of  public  discussion  of  China.  Some  of  it 
has  been  intelligent  and  illuminating;  some 
of  it  wide  of  the  mark  and  misdirected.  On 
the  whole  this  discussion  has  contributed  to  a 
better  understanding  of  China  and  her  prob- 
lems. As  a  result,  the  merely  friendly  interest 
of  America  has  been  changed  to  one  that 
promises  to  be  beneficial  and  of  practical  value 
to  China.  The  active  interest  and  good 
wishes  of  America  and  other  nations  will  avail 
most  when,  as  the  President  of  the  United 
States  has  suggested,  in  a  spirit  of  the  utmost 
friendship,  China  composes  her  internal  dif- 
ferences. The  pressure  of  international  forces 
working  today  upon  all  countries,  especially 
the  weaker  ones,  makes  it  necessary,  if  China 
is  to  become  again  as  she  was  in  the  past  the 
most  powerful  nation  on  the  Asiatic  Conti- 
nent, that  she  present  a  unified  front  to  the 
world. 

No  nation  has  been  powerful  that  has  not 
possessed  the  consciousness  of  nationalism. 
Without  that  the  strength  of  a  nation  is  as  a 
rope  of  sand.  In  the  past  nationalism  has 
largely  gone  hand  in  hand  with  the  martial 
spirit,  and  it  is  not  likely  that  this  spirit  will 
be  replaced  by  cosmopolitanism,  at  least  not 
for  a  long  while.  Fortunately  the  spirit  of 
democracy  is  leavening  the  world.  The  peo- 
ple of  China  have  always  been  democratic  at 
heart  and  for  many  centuries  were  warlike. 
Observers  of  far  Eastern  conditions  state  that 
the  dormant  martial  spirit  is  now  awakening. 

What  is  more  important  China  is  now 
struggling  to  become  truly  republican.  That 
is  the  initial  step  towards  a  great  China. 

No  one  realizes  this  better  than  those 
Chinese  who  have  been  trained  in  Am.erica 
and  have  absorbed  its  political  ideas.  On 
these  students  then  falls  the  responsible  duty 
of  upholding  and  applying  at  all  costs  the 
democratic  principles  on  which  the  Republic 
of  China  was  founded. 
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Centrifugal  Compressor  Installation  at  Newport 
News  Shipbuilding  and  Dry  Dock  Co. 

B\-  Dk.  L.  C.  Loewknsthin 
'l"i  K1UM-.  1Cni.ini;i:kin(.  Dki'artmkn i,  Lvnn  Works,  (iknkrai.  Ki.kiikk   Comi-anv 

Tliis  article  liesiribi'S  an  unusual  installation  of  a  turbinf-drivrn  ic-ntrifugal  compressor  to  increase  the 
output  of  an  existing  reciprocating  air  compressor  plant.  The  turlio  compressor  is  operated  by  cxhau^it 
steaiTi  from  the  reciprocating  ennines  anil  precompresses  the  air  delivered  to  the  reciproealinK  compressors. 
The  output  of  the  compressor  plant  was  in  this  way  increased  by  about  oO  per  cent  with  very  little,  if  any, 
additional  expenditure  for  fuel,  as  the  reeiprocatiuK  engines  were  operated  non-condensing,  a  portion  of  the 
steam  being  exhausted  to  the  air. — Editor. 

hammers,  and  the  remainder  in  usual  work 
demanding  compressed  air  about  a  plant  of 
this  kind.  In  April.  Htj"),  a  centrifugal  com- 
pressor was  installed  which  was  to  take 
atmospheric  air  and  compress  it  to  about 
21  lb.  per  sq.  in.  pressure.  This  compressed 
air  is  delivered  to  an  air  cooler,  and  after 
proper  cooling  is  admitted  to  the  intake  of 
the  air  cylinders  of  the  reciprocating  com- 
pressors. The  previous  total  capacity  of  all 
four  of  the  reciprocating  compressors  was 
7S20  cu.  ft.  of  free  air.  By  the  new  arrange- 
ment, the  admission  of  compressed  air  into 
the  intakes  of  only  three  of  the  reciprocating 
compressors  increased   their  air  delivery-   to 


A  very  novel  installation  of  a  centrifugal 
compressor  has  been  made  at  the  plant  of  the 
Newport  News  Shipbuilding  and  Dry  Dock 
Company.  Newport  News,  \'a.  It  is  iirobably 
the  first  time  in  this  country,  and,  as  far  as  we 
know,  the  first  time  anywhere,  that  a  centrif- 
ugal compressor  has  been  installed  for  prc- 
compressing  the  air  supplied  to  the  cylinders 
of  a  number  of  reciprocating  compressors  in 
order  to  increase  their  output. 

The  original  installation  of  reciprocating 
compressors  was  found  to  be  inadequate  for 
supplying  the  shipyard  with  enough  air  at 
100  lb.  pressure  to  take  care  of  the  demand. 
Most    of    this    air   was    used    in    air-rivetiiiir 


TABLE  I 
INITIAL  PERFORMANCE  OF   RECIPROCATING  COMPRESSORS 


CYLINDER  DIAMETER 

Cu.  Ft. 
Displace- 
ment 

Cu.  Ft. 
Free 

^?''            stroke 

Steam                                    Air                      R.P.M. 

H.P.       1      L.P.               L.P. 

H.P. 

Ingersoll-Sargeant  ...             1 
Laidlow-Dun-Gordon  .           2 
Lai  dlow- Dun-Gordon  .           3 
Ingersoll-Sargeant  ....           4 

24 
30 
30 
36 

22                  ...              30.00 
24               44              36.00 
24                44               36.00 
14               26              22.25 

18.25         94 
22.00         86 
22.00          86 
13.25  1       94 

1800 
3000 

3000 
1400 

1530 
2550 

2550 
1190 

Total  air,  cubic  feet,  per  mi 

7820 

TABLE  II 
PERFORMANCE  AFTER  INSTALLATION  OF   CENTRIFUGAL  COMPRESSOR 


Unit 
No. 

Stroke 

CYLINDER 

DIAMETER 

R.P.M. 

Cu.  Ft. 
Displace- 
ment 

Steam 

Air 

Free 
Air 

H.P. 

L.P. 

L.P. 

H.P. 

Laidlow-Dun-Gordon  . 

2 

30 

24 

44 

32.00 

22.00 

86 

2360 

4030 

Laidlow-Dun-Gordon  . 

3 

30 

24 

44 

32.00 

22.00 

86 

2360 

4030 

Ingersoll-Sargeant  .... 

4 

36 

14 

36 

20.00 

13.25 

"4 

1190 

2030 

Total  air,  cubic  feet,  per  minute. 
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10,900  cu.  ft.  of  free  air;  and  by  running  the 
fourth  reciprocating  compressor  the  total 
possible  output  is  increased  to  11,620  cu.  ft. 
of  free  air. 


centrifugal  blower  is,  therefore,  primarily 
taking  steam  at  a  few  pounds  above  atmos- 
phere and  exhausting  it  into  a  condenser. 
The  turbine,  however,  is  provided  with  high- 


Fig.  1.     Mixed  Pressure  Curtis  Turbine-dr 


trifugal  Compressor 


Another  very  interesting  feature  is  the 
driving  of  the  centrifugal  compressor  by  the 
exhaust  steam  of  the  reciprocating  blowers, 
as  these  were  designed  to  operate  non-con- 
densing.     The    steam    turbine    driving    the 


pressure  steam  should  the  low-pressure  steam 
supply  fail  or  be  insufficient. 

The  original  plant  equipment  consisted  of 
the  reciprocating  type  air  compressors  listed 
in  Table  I. 


Fig.  2.      Plan  and  Elevation  of  Installation  of  Curtis  Turbo  Centrifugal  Compressor 


tMCX'I'KII'rc.AL  COMl-RI-SSdR   I  NS'lAI.I.A'I'Ii  ).\ 


7S7 


With  this  ri|ui|'mcnt  llu-  air  ])rossurc  was 
i)(t  11).  piT  s(|.  ill.  The  cii).;inos  were  oi>erale(l 
non-eondensinj;  on  120  lb.  i)er  S(i.  in.  initial 
steam  jiressiire  and  .'i  lb.  i)er  scj.  in.  RauKO  baek 
])ressure.       The    exhaust     steam     frum     the 


to  su|)|)ly  air  <lireelly  for  the  jjijw  lines  to  the 
I'or^jes.  The  ccnlrifunal  tf)mi)rcssor,  Fijj,  1, 
has  four  slajjes  and  is  eaitable  of  sujipiyinx 
ll,.")(l()  eu.  ft.  of  atmospheric  air  ])er  minute 
aj.;ainsl  21  lb.  per  sq.  in.  iiressure.    The  eom- 


Fig.  3.     End  Elevation  of  Turbo  Compressor  Installation 


engines  was  partly  used  in  a  low-pressure 
turbine  generator  and  the  remainder  wasted 
to  atmosphere. 

The  centrifugal  air  compressor  was  installed 
to  supply  air  at  about  20  to  21  lb.  gauge 
pressure  to  the  reciprocating  compressors  and 


pressor  is  driven  by  a  two-stage  Curtis  steam 
turbine  of  the  mixed-pressure  type.  The 
turbine  is  arranged  to  use  all  the  available 
low-pressure  steam  from  the  exhaust  of  the 
reciprocating  air  compressors  and  other 
sources,  except  for  the  steam  supplied  to  a 


1 

1  1 

^1 

If^ie.- 

1 

i 

•'    ■■**         "%^^%^xv^^ 

^  '^' ' 

nm 

Fig.  4.      Photograph  of  the  Turbo  Compressor  ; 
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small  low-pressure  turbine-generator  set.  If, 
at  some  time,  there  is  not  a  sufficient  supply 
of  low-pressure  steam,  the  governor  on  the 
turbine  driving  the  compressor  will  auto- 
matically admit  sufficient  high-pressure  steam 
to  carry  the  load.  A  concrete  conduit  is  pro- 
vided to  supply  clean  air  from  outside  the 
engine  room  to  the  centrifugal  compressor. 
An  inter-cooler  is  located  between  the 
centrifugal  compressor  and  the  reciprocating 
compressors  to  cool  the  compressed  air  before 
it  enters  the  reciprocating  compressors.  The 
low-pressure  air  cylinders  of  the  two  Laidlow- 


By  comparing  the  tabulations  giving  the 
outputs  before  and  after  the  installation  of 
the  centrifugal  compressor,  it  will  be  noted 
that  the  total  output  of  high-pressure  air  is 
increased  from  7820  to  11,620  cu.  ft. 

In  the  operation  of  the  plant  during  regular 
working  hours  it  was  planned  to  operate  only 
two  Laidlow-Dun-Gordon  compressors  to 
carry  the  normal  load,  which  would  give 
8060  cu.  ft.  of  air  per  minute  at  90  lb.  pres- 
sure ;  and  in  this  case  there  would  be  available 
for  use  in  the  forges  and  ovens  any  quantity 
up  to  about  oOOO  cu.  ft.   of  air  per  minute 


Fig.    5.      Indicator   Diagram   Taken  on  Smaller 
IngersoU-Sargent  Compressor  Before  In- 
stallation of  Turbo  Compressor 

Dun-Gordon  compressors  and  the  smaller 
of  the  two  Ingersoll-Sargeant  compressors 
were  bushed  so  as  not  to  overload  the  steam 
cylinders  and  to  more  nearly  balance  the  work 
between  the  low-pressure  and  the  high- 
pressure  cylinders. 

The  rearrangement  of  the  plant  with  the 
installation  of  the  centrifugal  air  compressor 
supplying  air,  at  20  lb.  pressure  and  150  deg. 
F.  temperature,  to  the  reciprocating  com- 
pressors gave  the  outputs  listed  in  Table  II. 

The  larger  of  the  Ingersoll-Sargeant  com- 
pressors was  not  arranged  to  receive  air  under 
pressure  as  it  was  planned  to  operate  this  unit 
when  the  load  was  very  light  or  as  a  spare 
unit,  the  centrifugal  and  the  other  reciprocat- 
ing compressors  being  shut  down. 


Fig.   6.      Indicator   Diagram  Taken  on  Smaller 
Ingersoll-Sargent   Compressor   After  In- 
stallation of  Turbo  Ccmpressor 

at  20  lb.  pressure  supphed  from  the  centrif- 
ugal compressor. 

The  general  layout  of  the  compressor 
plant  is  shown  in  Figs.  2  and  3.  The  instal- 
lation of  the  centrifugal  compressor  is  shown 
in  Fig.  4. 

Fig.  5  shows  the  indicator  diagram  taken 
on  the  smaller  Ingersoll-Sargeant  compressor 
in  its  original  condition  taking  air  at  atmos- 
pheric pressure.  Fig.  6  shows  the  indicator 
diagram  taken  on  this  compressor  after  the 
low-pressure  cylinder  was  bushed  and  receiv- 
ing air  at  20  lb.  pressure.  The  indicated  air 
horse-power  was  slightly  greater  after  the 
change,  but  not  enough  to  affect  the  operation 
as  the  steam  cylinders  had  sufficient  power  to 
take  care  of  slight  variations. 
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The  Arrangement  of  Electrons  in  Atoms  and 

Molecules 
Part  III 

By    IkVIM;  lyANCMlIK 

Reskarch  Lauokatoky,  Generai.  Electric  Company 

In  this,  tlu-  loiuluiliiiK  installment,  the  author  deals  with  the  applications  of  his  octet  theory  of  valence 
to  the  compounds  of  sodium,  magnesium,  aluminum,  silicon,  phosphcjrus,  sulphur  and  chlorine.  This  theory 
in  its  simplest  form  will  not,  however,  apply  to  elements  of  higher  atomic  \veight  than  titanium,  and  the 
author  discusses  in  what  respects  his  theory  has  to  be  modified  to  fit  these  cases,  which  arc  also  inexplicable 
by  the  ordinary  theory  of  valence,  but  for  which  a  theory  has  been  developed  by  Werner.  The  author 
points  out  the  relation  between  his  theory  and  that  of  Werner,  showing  that  what  he  designates  as  covalence 
is  identical  in  most  cases  with  Werner's  co-ordination  number. — Editor. 


Second  Short  Period 

The  atoms  of  the  cleineiUs  beyond  neon 
easily  give  up  electrons  and  revert  to  the 
form  of  neon.  The  first  two  elements  A'a 
and  .1/?  have  pro])crlies  which  are  practically 
wholly  dependenl  on  this  Ki'^'i".'?  up  of  elec- 
trons. With  increasing  ntmibers  of  electrons 
the  larger  electrostatic  forces  make  it  more 
and  more  difficult  for  the  atom  to  revert 
to  that  of  neon,  but  tend  rather  to  make  the 
atom  take  up  additional  electrons  to  form  a 
structure  like  that  of  argon.  According  to 
ordinary  potential  theory  electrons  uniformly 
distributed  throughout  a  spherical  shell 
should  exert  no  forces  on  electrons  inside  the 
shell,  but  should  repel  those  outside  the  shell 
as  though  the  electrons  in  the  shell  were  con- 
centrated at  the  center.  On  the  other  hand, 
an  electron  in  the  spherical  shell  it.self  is 
repelled  by  the  others  in  the  shell  as  if  one 
half  of  the  other  electrons  were  removed 
altogether,  while  the  second  half  were  con- 
centrated at  the  center.  Thus  let  us  consider 
a  carbon  atom  (A'  =  (J)  which  has  taken  up 
four  extra  electrons  and  has  completed  its 
octet.  An  electron  in  the  outside  shell  is 
thus  attracted  by  the  nucleus  which  has  six 
jjositive  charges,  is  repelled  by  the  two  elec- 
trons in  the  first  shell  as  though  they  were 
concentrated  at  the  center,  and  is  repelled 
by  the  electrons  in  the  outside  shell  as  if  four 
of  them  were  concentrated  at  the  center. 
The  repulsion  of  the  electrons  is  thus  onh- 
just  able  to  neutralize  the  attraction  by  the 
nucleus  nothwithstanding  the  fact  that  the 
whole  atom  has  an  excess  of  four  negative 
charges.  If,  instead  of  taking  carbon,  we 
had  considered  nitrogen,  there  would  have 
been  a  large  resulting  force  tending  to  hold 
the  electrons  even  after  three  extra  ones  had 
been  taken  tip  by  the  atom.  These  considera- 
tions indicate   one  of  the   reasons   why  the 

*  Tables  and  curves  giving  these  a) 
given  by  Harkins  and  Hall.  Jour,  .1 
(1916). 


symmetrical  arrangements  of  electrons  cor- 
responding to  the  inert  gases  have  such  ver\- 
great  stability  and  why  the  elements  like 
oxygen  and  especially  fluorine  have  such  very 
great  tendencies  to  take  up  electrons. 

According  to  the  above  calculation,  carbon 
might  just  be  able  to  hold  four  electrons, 
while  boron  could  not  do  so.  In  the  crude 
theory  just  given,  however,  we  have  neglected 
to  take  into  account  the  formation  of  pairs 
when  electrons  are  shared  between  octets 
or  between  these  and  hydrogen  nuclei.  This 
will  greatly  increase  the  tendency  of  an  atom 
like  that  of  carbon  to  take  up  electrons  to 
complete  its  octet.  For  this  reason  we  also 
find  a  few  boron  compounds  such  as  HBFt. 
metaboric  acid,  etc.,  in  which  the  boron  atom 
has  an  octet.  These  same  arguments  apply 
to  such  elements  as  alumintim  and  silicon. 

Atomic  Volumes 

The  properties  of  the  elements  lithium, 
beryllium,  and  boron  are  not  closely  related 
to  those  of  sodium,  magnesium  and  aluminum 
as  these  are  to  potassium,  calcittm  and  scan- 
dium. Instead  we  find  very  m.arked  resem- 
blances between  lithium  and  magnesium, 
beryllium  and  aluminum,  and  boron  and 
silicon.  These  differences  and  similarities  are 
due,  I  think,  to  the  small  atomic  volumes  of 
lithium,  beryllium  and  boron  in  their  com- 
pounds. Before  considering  these  elements 
individually  a  discussion  of  atomic  volumes 
will  not  be  out  of  place. 

The  periodic  relationships  between  the 
atomic  volumes  of  the  elements  are  usually 
based  on  the  volumes  of  the  free  elements 
in  solid  or  liquid  form.*  Because  of  the 
radically  dift'erent  structures  which  occur 
among  these  substances  these  meastirements 
give  very  little  information  in  regard  to  the 
real  volume  of  the  atoms.  Thus  the  structure 
of  fluorine  with  its  diatomic  molecules  is  so 
different  from  that  of  metallic  sodittm  that 
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effects  due  to  the  difference  in  constitution 
may  mask  any  real  changes  in  the  volume  of 
the  atoms.  This  difficulty  is  largely  avoided 
if  we  consider  the  volumes  of  the  atoms  in  the 
form  of  similarly  constituted  compounds. 

In  view  of  the  very  great  stability  of  the 
octet  in  neon  it  seems  probable  that  the 
volume  of  this  octet  is  not  materially  dif- 
ferent from  the  complete  octets  in  the  fluorine 
and  sodium  ions.  The  closeness  to  which  two 
octets  can  be  made  to  approach  each  other, 
however,  should  depend  on  how  great  the 
forces  are  which  draw  them  together.  In 
liquid  neon  these  forces  are  weak,  so  the 
atoms  should  be  at  comparatively  great 
distances.  The  atomic  volume  (i.e.,  atomic 
weight  divided  by  the  density  of  the  liquid) 
of  neon  is  19.2.  Sodium  fluoride  consists  of 
sodium  and  fluorine  ions  held  together  in  a 
space  lattice  by  the  positive  and  negative 
charges.  Both  ions  contain  complete  octets 
which  differ  from  those  of  neon  only  because 
of  the  slightly  different  charges  on  the 
kernels.  It  may  be  assumed  that  the  fluorine 
and  sodium  octets  contribute  equally  to  the 
molecular  volume  of  sodium  fluoride  which  is 
15.2.  Thus  while  in  liquid  neon  the  volume 
was  19.2  in  sodium  fluoride  the  volume 
occupied  by  each  octet  is  7.6.  It  is  probable 
that  the  volume  of  the  octet  itself,  that  is, 
the  volume  of  the  cube  formed  by  the  elec- 
trons, is  not  materially  different  in  the  two 
cases  but  the  strong  forces  in  the  sodium 
fluoride  draw  the  octets  closer  together. 
Magnesium  oxide  whose  molecular  volume  is 
11.0,  consists  of  oxygen  atoms  with  a  double 
negative  charge  and  magnesium  atoms  which 
have  lost  two  electrons — in  both  cases  giving 
a  simple  octet  with  a  structure  like  that  of 
neon.  The  volumes  occupied  by  each  octet 
is  thus  5.5  as  compared  to  7.6  in  sodium 
fluoride  and  19.2  in  liquid  neon.  These 
results  give  a  measure  of  the  extent  to  which 
octets  may  be  made  to  approach  each  other 
more  closely  by  strong  forces.  Comparing 
magnesium  oxide  and  sodium  fluoride  the 
relative  distances  between  the  atoms  are  as 
the  cube  roots  of  their  volumes  or  as  1  is  to 
1.114.  The  ratio  of  the  forces  acting  between 
the  atoms,  taking  account  of  the  double 
charges  of  the  magnesium  and  oxygen  atoms, 
is  as  1  is  to  4.98.  Thus  for  a  five-fold  increase 
in  the  force  the  volumes  occupied  by  the 
octets  has  decreased  27  per  cent  (7.6  to  5.5). 
The  atomic  volume  of  metallic  sodium  is 
23.7  greater  than  even  that  of  neon,  not- 
withstanding the  fact  that  the  charges  on  the 


'  Franck  and  Hertz.  Verh.  deut  physik  Ges.,  IS.  929  (1913). 


electrons  and  the  positively  charged  sodium 
ions  might  be  expected  to  exert  strong 
attractive  forces  compared  to  those  in  liquid 
neon.  It  is  not  reasonable  to  suppose  that 
the  actual  volum_e  of  the  octet  of  the  sodium 
atoms  in  metallic  sodium  is  much  different 
from  that  in  sodium  fluoride.  The  large 
volume  of  metallic  sodium  must  then  be  due 
to  a  specific  repulsion  between  a  completed 
octet  and  a  single  free  electron  which  keeps 
the  electron  from  approaching  the  octet. 
It  is  probable  that  this  same  repulsion  is  the 
cause  of  the  remarkable  and  apparently 
perfect  elasticity  of  the  collisions  between 
electrons  and  the  atoms  of  the  inert  gases, 
or  nitrogen.*  The  fact  that  nitrogen  is 
similar  to  the  inert  gases  in  this  respect  is 
additional  confirmation  of  our  theory  that 
the  nitrogen  molecule  has  a  single  octet. 

It  is  especially  interesting  to  compare  the 
volume  of  sodium  fluoride  with  that  of 
metallic  sodium  for  in  each  case  the  substance 
is  held  together  by  the  forces  between  par- 
ticles having  unit  charges.  The  volume 
occupied  by  the  sodium  ion  in  sodium  fluoride 
is  7.6.  The  free  electron  in  metallic  sodium 
increases  this  to  23.7  so  that  the  electron 
seems  to  require  a  volume  of  16.1  or  more 
than  twice  that  of  the  octet.  However,  the 
effect  is  probably  not  quite  as  great  as  this 
for  the  distance  between  the  positive  and 
negative  charges  in  sodium  is  some  15  per 
cent  greater  than  in  sodium  fluoride.  The 
actual  space  lattice  arrangement  of  the  atoms 
also  needs  to  be  known  and  taken  into  account 
in  any  proper  treatment  of  this  subject. 
From  the  molecular  volume  of  magnesium 
oxide  it  appears  that  the  atomic  volume  of  the 
octet  is  less  than  5.5 — it  is  reasonable  to 
assume  that  with  much  larger  forces  it  might 
approach  a  limiting  value  of  about  4.0.  The 
volume  of  a  single  neon  octet  is  thus  6.1  X 
10"-^  cubic  cm.  corresponding  to  a  cube  having 
an  edge  of  1.9X10"*  cm. 

Assixming  the  electrons  and  the  sodium 
ions  in  metallic  sodium  to  be  arranged  like 
the  ions  of  chlorine  and  sodiiun  in  a  crystal 
of  sodium  chloride,  we  find  that  the  distance 
between  their  centers  must  be  2.7X10~*  cm. 
Presumably  at  distances  shorter  than  this 
the  repulsive  forces  between  a  single  electron 
and  an  octet  more  than  compensate  for  the 
attraction  between  oppositely  charged  uni- 
valent ions. 

According  to  this  view  the  large  atomic  vol- 
umes of  the  alkali  metals  are  due  to  the  volumes 
occupied  by  single  free  electrons  rather  than  to 
a  large  vohime  of  the  atom  as  such. 
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Mai^iii'siuiii,  alllii>uj;li  iIutc  uvv  I  \vi  >  \vvv 
rk'i'trniis  fur  cai'li  alniii,  lias  an  aloinii' 
\oliiiiU'  el'  1  1.0.  iinly  a  liltlo  moiv  than  hall' 
tlial  I'l  sndium.  ('imipariii^'  tliis  witli  iiiaK- 
iifsiuin  (ixiilc,  (if  inok't'iilar  \'oluim.'  II.  it  is 
lU'ar  thai  thi."  t'lfctrons  c(>iUril)iiti.-  nuu'h  iiicir' 
111  the  \-(ihitiH'  (if  the  nu'tal  than  dm-s  the 
(irtrt  (if  the  (ix\'i;(.'ii  i'l  th(-'  (ixidc.  Il  is  prdli- 
alik'  that  iIr'  twd  (\w  ck-ctrons  fdnn  a  mmv 
(ir  k'ss  stalik'  pair  and  ai\'  thus  able  to  ()ccii|i\' 
a  sniaik'r  \(iknn('  tlian  iho  sinj;Ie  electron  in 
sodium. 

The  atomic  volumes  of  the  elements 
increase  at  first  about  in  jiroportion  to  the 
atomic  numbers  and  then  more  slowly.  For 
example,  the  atomic  volumes  of  the  free  alkali 
metals  are  Li,  115.1;  Xa,  23.7;  A',  45..');  Rb, 
.")(i.().  and  Cs,  09. S.  The  volumes  in  their 
com])ounds  are  seen  from  XaF.  1.").2;  KCl, 
o7.4;  RbBr,  ol.4,  and  Csl.  .57..").  In  these 
compounds  the  two  elements  are  chosen  so  as 
to  have  as  nearly  the  same  atomic  numbers  as 
])ossible.  Half  of  these  quantities  should 
s^ivc  a  measure  of  the  maximum  atomic 
\-(ilumes  of  the  inert  gases  hning  between  them. 
In  this  way  we  find  N^e,  7.6;  Ar,  IS. 7;  Kr. 
25.7,  and  Xe.  2.S.7.  The  molecular  volume  of 
lithium  fluoride  is  only  KJ.O,  while  that  of  the 
Huorine  atom  alone  in  sodium  fluoride  is 
apparently  7.6.  The  atomic  volume  of  the 
lithium  nucleus  must  thus  be  very  small, 
probably  about  2.4.  The  same  rapid  increase 
in  atomic  volume  between  the  first  and 
second  period  is  observed  wth  the  elements 
in  the  middle  of  the  period,  thus:  B,  4.7;  .4/, 
10.4,  and  C.  .3.4;  Si,  11.7. 

It  seems  as  though  the  total  volume  of  the 
atom  tends  at  first  to  increase  in  proportion 
to  the  number  of  electrons.  This  means  that 
the  cells  of  Postulate  3  have  the  same  volumes 
even  in  different  atoms  in  spite  of  the  increas- 
ing attraction  of  the  nucleus.  Howe\'er, 
with  larger  atomic  numbers  the  rate  of  in- 
crease of  volume  is  much  less,  and  with 
certain  elements  like  osmium  notwithstanding 
the  high  atomic  number,  the  atomic  volume 
is  so  small  (8.5)  that  the  hypothesis  of 
constant  cell  volume  seems  untenable.  It 
should  be  noted  that  the  elements  of  small 
atomic  volume  are  those  in  which  there  are 
larger  numbers  of  electrons  in  the  outer  shell 
held  by  attractive  forces  (Postulate  6)  to  the 
underlying  electrons.  When  there  are  either 
too  few  electrons,  or  when  the  electrostatic 
forces  predominate,  the  atomic  volume  in- 
creases. 


Let  us  now  continue  with  a  discussion  of 
the  properties  of  individual  elements. 

SoditDii  X  —  II;  li=\.  The  i)roperlies  arc 
determined  almost  solely  by  tlie  ability  of  its 
atom  to  give  up  one  electron.  It  is  much 
more  eleclro-i)osilive  than  lithium  because 
its  atomic  volume  is  greater  so  that  the  force 
with  which  it  holds  its  electron  is  smaller. 

Xfii^ncsimu  A' =12,  E  =  2.  The  properties 
are  largeh-  dependent  on  the  ability  to  give 
up  two  electrons.  Tlie  double  charge  makes 
tiiis  process  more  difficult  than  with  sodium. 
There  is  thus  a  greater  tendency  to  form 
insoluble  salts  and  for  hydrolysis  to  occur. 
Lithium,  because  of  its  small  volume,  holds 
its  electrons  more  firmly  than  sodium  and 
for  this  reason  resembles  magnesium  in  the 
solubility  of  its  salts,  etc.  Magnesium  has  no 
tendency  to  form  an  octet. 

Aluminum  X=  13,  £  =  3.  The  difficulty  of 
giving  up  three  electrons  to  form  a  positive 
ion  leads  to  marked  hydrolysis  and  to  a  ten- 
dency to  form  insoluble  salts.  In  compounds 
with  o.xygen,  aluminum  probably  forms  an 
octet  as,  for  example,  KAIO2.  If  we  place 
«=3,  e=\6,  we  find  f  =  4  and  are  led  to 
the  formula  A""*-  (0  =  Al  =  0)  -.  Beryllium 
with  only  two  electrons  in  its  outside  shell, 
has  a  kernel  of  such  small  volume  that  it 
holds  its  electrons  nearly  as  firmly  as  alum- 
inum and  therefore  resembles  aluminum  in 
the  solubility  of  its  salts  and  in  other  ways. 

Silicon  5?  =  14,  £  =  4.  This  element  is  no 
longer  able  to  form  positive  ions  but  like 
carbon  forms  practically  only  compounds  in 
which  its  atoms  have  octets.  Boron  owing  to 
its  small  volume  holds  its  electrons  about  as 
firmly  as  silicon  and  therefore  resembles  this 
element. 

The  chemistry  of  silicon  compounds  is 
complicated  by  the  marked  tendency  to 
form  second  order  compounds.  The  great 
number  of  silicates  found  in  nature  seem  to 
be  compounds  of  SiOn  with  other  oxides. 
The  octet  theory  is  applicable  to  the  formation 
of  SiO->  and  each  of  the  other  oxides  but  not 
to  the  minerals  resulting  from  their  com- 
bination. By  far  the  greater  number  of  such 
compounds  exist  in  the  solid  state  only.  The 
number  of  molecules  of  each  of  the  oxides 
that  can  combine  together  in  this  way  to 
form  crystalline  solids  is  determined  mainly 
by  purely  geometrical  considerations.  The 
writer  has  already  discussed  compounds  of 
this  kind  at  some  length*  and  Sosmanj  has 
developed  a  similar  theory. 

A  compound  like  H^SiFi  differs  from  those 
we  have  just  considered  in  that  it  exists  in 
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aqueous  solutions.  The  formation  of  such 
compounds  is  explained  by  Werner's  theory 
of  supplementary  valence,  but  without  lead- 
ing to  a  definite  conception  of  the  mechanism 


n^.i4. 


Diagram  of  Silicon  Dioxide 

of  the  combination.  We  have  seen  that 
fluorine  has  a  particularly  strong  tendency  to 
take  electrons  outright  rather  than  to  share 
them  with  other  atoms.  Thus  when  fluorine 
reacts  with  silicon,  four  fluorine  atoms  take 
the  four  electrons  from  a  single  silicon  atom. 
The  fluorine  ions  are  then  held  by  electro- 
static forces  and  surround  the  positively 
charged  silicon  kernel  probably  in  a  tetra- 
hedral  arrangement,  but  without  sharing 
electrons.  The  electric  field  is  thus  almost 
entirely  enclosed  within  the  molecule  so  the 
substance  SiF4  is  a  gas  of  rather  low  boiling 
point.  The  silicon  kernel  having  as  its  second 
shell  an  octet  like  that  in  neon,  has  a  cubic 
symmetry.  There  is  thus  a  tendency  for  the 
kernel  to  take  up  six  rather  than  four  fluorine 
ions  since  these  ions  can  fit  opposite  the  six 
faces  of  the  cube  in  a  very  symmetrical  way. 
It  may  at  first  seem  that  a  quadrivalent  posi- 
tive ion  could  not  hold  six  negative  ions  by 
electrostatic  forces  but  close  examination 
indicates  that  this  arrangement  should  be 
possible.  Let  us  assume  that  a  silicon  kernel 
has  taken  up  six  fluorine  ions  to  form  the 
complex  ion  SiFe~  ~.  What  are  the  forces 
acting  on  each  fluorine  atom  ?  Let  us  imagine 
the  fluorine  ions  at  the  six  corners  of  a  regular 
octahedron  with  the  silicon  ion  at  its  center. 
We  will  take  the  distance  from  the  center  to 
the  corner  of  the  octahedron  as  the  unit  of 
length..  Let  us  consider  the  forces  acting 
on  one  of  the  fluorine  ions  which  we  will 
denote  by  A .  The  attractive  force  between  .4 
and  the  quadrivalent  silicon  ion  is  four.  The 
repulsion  force  between  A  and  the  fluorine 
ion  furthest  from  A  is  one  fourth  since  the 
distance  is  two.  Each  of  the  other  four 
fluorine  ions  is  at  a  distance  \/2  from  A  so 
that  the  force  is  one  half.    But  the  component 


in  the  direction  towards  the  center  is  onh- 
l/{2\/^).  The  four  fluorine  ions  thus  exert 
a  total  replusive  force  of  2\/2  or  1.41.  All 
five  thus  repel  the  ion  A  with  a  force  1.41  + 
0.25  =  1.66,  while  the  silicon  atom  attracts  it 
with  a  force  of  four.  Thus  notwithstanding 
the  negative  charge  on  the  complex  ion  as  a 
whole,  each  fluorine  ion  is  attracted  to  the 
central  nucleus  as  strongly  as  it  would  be  to  a 
simple  positive  kernel  having  a  charge  of 
2.34  units.  The  StF^  ion  can  exist  as  such 
in  solution  or  can  attach  to  itself  two  hydrogen 
ions  to  form  HiSiF^. 

This  simple  theory  indicates  how  com- 
pounds with  a  co-ordination  number  of  six 
can  be  formed  because  of  purely  geometrical 
and  electrical  factors.  The  forces  causing 
such  combinations  as  well  as  those  holding 
complex  silicates,  etc.,  together,  will  be 
referred  to  as  secondary  valence  forces. 

The  marked  contrast  between  silicon  and 
carbon  in  their  tendencies  to  form  second 
order  compounds  is  probably  due  to  the  larger 
volume  of  the  kernel  of  the  silicon  atom. 
This  probably  greatly  decreases  the  tendency 
of  the  silicon  atom  to  hold  an  octet  when 
combined  with  oxygen  as  SiOi.  We  may 
picture  a  molecule  of  SiOi  diagrammatically 
as  in  Fig.  14.  When  a  second  octet  forms 
around  the  silicon  kernel  it  would  normally 
have  a  larger  spacing  between  its  electrons 
than  those  usual  in  an  oxygen  atom.  When 
the  silicon  and  oxygen  atoms  hold  two  pairs 
of  electrons  in  common  the  electrons  of  the 
silicon  atom  are  drawn  over  towards  the 
oxygen.  This  exposes  the  positively  charged 
silicon  kernel  so  that  a  large  external  field 
results.  This  efi^ect  is  like  that  caused  by 
the  double  and  especially  the  triple  bonds  in 
organic  compounds.  There  is  a  continuous 
series  of  gradations  between  a  structure  of 
this  kind  and  one  in  which  two  oxygen  atoms, 
each  with  a  double  negative  charge,  are  held 
electrostatically  by  the  positively  charged 
silicon  kernel.  In  either  case,  however,  the 
oxj^gen  atoms  because  of  their  small  number 
and  small  volume  are  not  able  to  surround 
the  silicon  kernel  and  make  its  field  nearly 
all  internal  as  is  the  case  in  the  carbon  dioxide 
molecule.  The  large  external  field  thus 
causes  molecules  of  SiOi  to  be  held  very 
firmly  to  each  other  or  to  any  other  similarly 
constituted  oxides.  On  the  other  hand,  when 
oxygen  atoms  completely  surround  a  kernel 
of  small  volume  as,  for  example,  in  osmium 
tetroxide,  the  weak  external  field  causes  the 
substance  to  have  a  low  boiling  point  (about 
100  deg.  for  OsO^).     When  the  silicon  atoms 
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ininliinr  willi  I  lie  li;il()^;i'ns  or  wilh  hydrnj^cn 
ilu-  laiKi'i'  iuiiiiIht  of  iIk'sc  atoms  allows  thi'in 
nunr  iicarh'  to  surround  the  silicon  atom  and 
tiiis  loads  to  thu  I'orniation  of  liciuid  and  j^as- 
rous  products,  in  which  secondary  valence 
forces  are  much  less  manifest. 

Pliosf'liorus  A'=  1"),  H='y.  The  i)hos|)horus 
atom  like  tliat  of  nilrt)^;en  has  five  electrons 
in  its  shell.  The  ]jeculiar  arrangement  by 
which  two  nitrof^en  atoms  form  a  molecule 
witii  a  sinj^le  octet  containinj,'  an  imi)risoned 
]iair  of  electrons  is  impossible  in  the  case  of 
phosphorus  because  of  the  complexity  and 
lar).;e  volumes  of  the  kernels.  Phosphorus 
therefore  cannot  form  molecules  of  the  com- 
position P>  except  by  the  structure  P':^P 
It  also  cannot  form  P3  for  this  involves  an 
odd  number  of  electrons.  Let  us  examine  by 
the  octet  theory  the  possibility  of  forming  Pj 
Here  «  =  4,  e  =  20  and  />  =  6.  The  only  rea- 
sonable ways  in  which  four  atoms  can  be  ar 
ranged  sharing  six  jiairs  are  represented  by 

P-P 

p  =  p  =  p  =  p  and    II        II 
P-P 

Phosphorus  vapor  actually  has  the  com- 
position Pf.  It  is  probable  from  reasons  of 
symmetry  that  its  molecule  is  represented  by 
the  second  of  the  above  formulas  as  indicated 
in  Fig.  15. 

Let  us  now  apply  the  octet  theory  to  the 
various  typical  compounds  of  phosphorus. 
It  will  be  seen  that  in  every  case  results  are 
obtained  in  full  agreement  with  the  prop- 
erties of  the  compounds  without  any  special 
assumptions  in  regard  to  valency.  The 
structural  formulas  obtained  are  in  most 
cases  quite  different  from  those  derived  from 
the  ordinary  theory. 

Phosphorus  Hydrides  P4//2. 
p  =  o.  This  gives  by  analogy 
formula 

P=  P 

I        I 

HP-PH 

For  phosphine  PH3.  «  =  1;  c  =  N;  p  =  0. 
hence  PH^. 

For  liquid  hydrogen  phosphide  P0H4.  ;/  =2; 
c=14;  p=l,  hence  H.P- PH.. 

Phosphorus  Oxides.  The  sitbo.xide  P^O 
gives  «  =  o;  e  =  26  and  p  =  7  for  which  by 
analogy  with  P4  we  find  the  structural 
formula  to  be 

P=  p  P=  P 


'I'he  Irioxide  has  a  vapor  density  cor- 
res|)oiiding  to  P^Ot.  This  )(ives  ;»=  10,  <'  =  .j(5 
and  p=\2.  Since  this  oxide  is  obtained  by 
the  partial  oxidation  of  P^  and  from  reasons 


;,  =4.    c  =  -22. 
with    Pi   the 


Diagram  of  the  Phosph< 


Molecule  P, 


of  symmetry  it  is  probable  that  its  constitu- 
tion is 

0 

0=  P-  P-0 

O-  P~  P  =  0 

O 

In  this  formula  there  are  12  pairs  of  electrons 
held  in  common  in  accordance  with  p=l'2. 
Each  phosphorus  atom  not  only  has  its  octet, 
but  has  all  four  pairs  of  electrons  in  each  of 
these  octets  shared  by  other  atoms.  We  shall 
see  that  in  practically  all  phosphorus  com- 
pounds just  as  in  carbon  compounds  there  is 
a  strong  tendency  for  the  four  pairs  in  the 
octet  of  the  central  atom  to  be  shared.  In 
fluorine  we  have  noticed  just  the  opposite 
tendency,  namely,  not  to  share  any  of  the 
pairs  with  the  other  atoms. 

If  we  represent  a  molecule  of  the  trioxide 
b\-  P2O3  its  constitution  can  be  written 
0  =  P-0-P  =  0.  This  should  be  rather 
unsaturated  as  compared  to  the  ring  since 
only  three  pairs  of  electrons  around  each 
phosphorus  atom  are  shared.  This  formula, 
however,  shows  the  relationship  of  the  tri- 
oxide to  the  acids  of  phosphorus  better  than 
the  ring  formula.  A  reasonable  transition 
between  the  two  structures  is 

O-  P~0-  P-0 


p=  p-0  or   P~  P  =  0 


0-  P-0-  P-0 
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Phosphorus  Pentoxide.  The  vapor  densitj' 
indicates  the  formula  PiOv,.  This  gives 
;j=  14;  t'  =  SO  and  p=  16.  From  its  derivation 
form  PiO(,  the  most  probable  constitution  is 

0 

I 
0=  P-0-  P-0 

! 

0  0 

i 

0-  P-0-  P  =  0 

'   0 

If  the  formula  of  the  pentoxide  is  taken  as 

0  0 

PiOi  we  can  write  its  formula  0  =  P  -O  -P  =  0. 
It  is  readily  seen  that  the  octet  theory  indi- 
cates that  no  oxides  higher  than  the  pent- 
oxide should  exist. 

Acids  of  Phosphorus.  The  following  table 
shows  the  constitution  of  the  various  acids 
as  given  by  the  octet  theory. 

The  constitution  as  determined  from  the 
values  of  p  are  shown  more  clearly  in  Fig.  16. 
In  each  case  all  four  pairs  of  the  phosphorus 
octets  are  shared  by  the  adjacent  atoms.  It 
is  significant  that  these  formulas  give  cor- 
rectly the  number  of  replacable  hydrogen 
atoms.  Thus  hypophosphorous  acid  is  a 
monobasic  acid,  while  phosphorous  and  pyro- 
phosphorous  acids  are  dibasic.  This  is  readily 
explainable  by  the  formulas  for  it  is  seen  that 
in  the  first  case  two  of  the  hydrogen  atoms 
and  in  the  other  cases  one  atom  is  bound 


directly  by  each  phosphorus  atom  and  there- 
fore does  not  show  acid  properties. 

Phosphorus  Chlorides.  For  the  trichloride 
PCU,  we  find  »  =  4;  e  =  26  and  ^  =  3.  The 
phosphorus  octet  thus  shares  a  pair  of  elec- 
trons with  each  of  the  three  chlorine  atoms. 
Here  is  one  of  the  few  cases  in  which  the 
phosphorus  atom  does  not  share  four  pairs. 
It  is  readilj^  seen  from  the  octet  theory,  how- 
ever, that  phosphorus  could  not  form  a 
compound  PCU.  Since  the  chlorine  atoms 
can  nearly  surround  the  phosphorus  atom 
and  each  atom  has  its  octet,  the  trichloride 
molecule  has  a  weak  external  field  and  hence 
has  a  fairly  low  boiling  point  (76  deg.). 

For  phosphorus  pentachloride  PCh  we 
place  «=5;  ^  =  40;  p  =  o.  This  leaves  the 
phosphorus  kernel  without  an  octet,  the  five 
chlorine  ions  being  held  by  electrostatic 
attraction.  The  external  field  is  weak  and 
the  substance  evaporates  easily.  The  ten- 
dency of  the  phosphorus  kernel  to  acquire 
an  octet  even  if  it  has  to  take  two  electrons 
from  chlorine  ions  makes  this  compound 
dissociate  easily  into  the  trichloride  and 
chlorine.  If  instead  of  placing  «  =  5  we  place 
K  =  6;  then  £"  =  40,  and  we  find  ^  =  4.  The 
five  chlorine  atoms  cannot  share  four  pairs 
of  electron  with  the  phosphorus  octet,  but 
we  can  imagine  that  in  the  solid  state  of 
PCli  four  of  the  chlorine  ions  share  elec- 
trons with  the  phosphorus  octet  to  form  an 
ion  (PCU)+.  while  the  other  chlorine  ion 
is  held  in  the  space  lattice  by  electrostatic 
forces.      It    is    perhaps    probable    that    the 


.    TABLE  V 
PHOSPHORUS  ACIDS 


Hypopho=phorous  H^PO-i 
Phosphorous  H^iPO^ 

Pyrophosphorous  HiP^O; 

Hypophosphoric  H,PiOc,. 
Metaphosphoric  HPO3... 
Orthophosphoric  HsPOt.^ 

PjTOphosphoric  ThPiO-.  . 


HO-{PH,)-0 
HO -{HP -0) -OH 


0 

HO -p-0 - 

H 

0 
-P-OH 
H 

HO^ 

O-P-P 
HO-- 

^OH 

-0 

^OH 

0 
0=P -OH 

HO^ 

HO-P-0 

HO-^ 

HO^ 
0-P-O- 
■    HO-- 

^OH 
-P-O 

Tin:  .\kk.\.\('.i:.\ii;.\r  <ii'  i:i.i;cir(i.\s  in  A'ioms  and  .\I()U:cl'Lj:s     7!j."> 


slnu'lurc  III'  siiliil  /'(  /.,  is  nf  iliis  kiiiil.  If  sn, 
tlic  IiIkIi  iiR'llinK  ])oiiU  (  I  IN  di-j;.)  of  /'('/;, 
I'ompari'd  willi  J'C'k  (—J  12  dv^:,.)  is  cxiilaincd 
by  the  larj;;c  elect roslatio  forces  holding  the 
Pl'li'  and  (7~  ions  to  each  other  and  by  the 
symmetry  of  the  PCl\^  ion.  However,  liciiiid 
PCI:,  is  a  non-conductor  of  electricity  so  that 
in  this  slate  only  innk'cuK's  of  the  type  PL'h 
exist. 

In  the  compouiul  POi'h  we  lind   that   all 
the  atoms  can  complete  their  octets  without 


point  the  xajior  consists  mostly  of  S%,  which 
is  also  the  molecule  found  from  cryoscopic 
measurements.  For  this  molecule  the  octet 
theory  (.jives  «  =  .S,  c  =  -IS  and  />  =  K.  By 
forming,'  a  rinjj  compound  the  eijjht  electrons 
can  he  held  to^jether  by  single  jjairs  of  elec- 
trons, whereas  if  we  arran>ie  the  eij,'ht  atoms 
in  a  chain  there  must  be  one  dr)uble  bound. 
The  rin^,'  structure  bein>j  much  more  sym- 
metrical is  more  probable.  The  most  sym- 
metrical   formulas    seem    to   be:    1,    a  con- 


Fie^  16. 
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difficult)-.  Thus  11=0,  e  =  '.i2,  p  =  -t  so  that 
each  of  the  four  atoms  shares  one  pair  of 
electrons  with  the  octet  of  the  phosphorus 
atom.  This  is  the  reason  that  phosphorus 
tends  -SO  strongly  to  form  this  type  of  com- 
pound with  the  halogens. 

Sulphur  A^=16,  £  =  6.  Since  the  shell 
contains  six  electrons  like  that  of  oxygen,  we 
might  expect  sulphur  to  form  a  molecule  5;. 
At  very  high  temperatures,  sulphur  vapor 
has  a  density  corresponding  to  this  formula, 
but  at  temperatures  a  little  above  the  boiling 


tinuous  ring  of  eight  electrons  arranged  in 
space  as  shown  in  Fig.  17.  This  structure 
allows  the  secondary  as  well  as  primary 
valence  forces  to  be  satisfied.  The  molecule 
probably  draws  itself  together  rather  more 
compactly  than  shown  in  the  figure  and  thus 
forms  a  very  symmetrical  structure  resem- 
bling regvdar  tetrahedron.  2.  The  second 
possible  ring  formula  is 

5-5-5-S 

5-5-5-S 


796     October,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  10 


Although  this  has  a  superficial  resemblance 
to  the  structures  best  representing  the  Pi 
molecule,  it  seems  unUkely  that  it  corresponds 
to  the  constitution  of  Sg.  We  shall  see  that  the 
tendency  of  the  sulphur  atoms  to  form  chains 
is  a  characteristic  property  of  this  element. 


ng  17. 

Polysulphides.  The  tendency  by  which 
oxygen  atoms  attach  themselves  to  each  other 
forming  compounds  like  ozone  and  hydrogen 
peroxide,  is  exhibited  in  still  great  degree  by 
sulphur  atoms.  Thus  there  is  a  series  of 
sulphides  of  sodium  represented  by  Na-,Sx 
where  x  may  have  values  up  to  five.  Placing 
n  =  5,  e  =  32  we  find  p  =  4.  The  most  probable 
structure  is 


A'a.,-' 


[-\] 


The  octet  theory  thus  explains  the  formation 
of  the  sulphides  from  NatS  to  Na^Si  and 
indicates  that  more  than  five  sulphur  atoms 
in  the  anion  would  require  a  more  complicated 
structure. 

Oxides  of  Sulphur.  For  sulphur  dioxide  we 
find  «=3,  (?=1S,  p  =  3,  giving  the  structure 
0  =  S  —  0.    For  the  trioxide  SO3  we  have  w  =  4, 

e  =  24,  ;f  =  4,  and  thus  find  0  =  5    q     This  is 

the  most  stable  oxide  because  all  four  pairs 
of  electrons  of  the  sulphur  octet  are  shared 
by  the  oxygen  atoms.    It  is  readily  seen  from 

■0 


the  octet  theorv  that  the  molecules  0  =  S 


0 


should  show  a  tendency  to  polymerize  to 
form  long  chains  having  the  structure 

0      0      0  0      0 

0  S  0  S  0  S 0  S  0  5  =  0 

0      0      0  0 

The  more  stable  solid  modification  of  SO-s, 
which  consists  of  long  fibrous  crystals  prob- 
ablv  has  this  structure. 


The  very  unstable  sesquioxide  S2O3  which  is 
formed  as  a  blue  liquid  or  bluish-green  solid, 
when  sulphur  is  dissolved  in  liquid  SO3, 
at  12  deg.  C,  gives  by  the  octet  theory  n  =  o, 
f  =  30,  p  =  o.  It  thus  probably  has  the  com- 
position S  —  0  =  S  ^  and  m.ay  thus  be  re- 
garded as  persulfide  of.SOs.  The  blue  color, 
which  indicates  an  unstable  arrangement  of 
electrons,  is  probably  quite  analogous  to  that 
produced  by  the  action  of  hydrogen  peroxide 
on  chromates. 

Persulfuric  anhydride  S2O7  is  a  very  volatile 
liquid  which  solidifies  to  a  mass  of  long 
needles  at  0  deg.  C,  and  decomposes  readily 
into  oxygen  and  SO3  when  heated.  The 
octet  theory  gives  «  =  9,  e  =  .54  and  p  =  9. 
From  this  value  of  p  and  from  the  fact  that 
the  product  is  formed  by  an  electric  dis- 
charge under  conditions  which  yield  ozone, 
the  constitution  probably  is 
0  0 

t 
0-  S  ~0-  S  =0-0 

I 

0 

Oxyacids.  The  constitutions  of  the  ions 
of  these  acids  as  found  by  the  octet  theory 
are  given  in  Table  VI.  The  ions  rather  than 
the  free  acids  are  tabulated  because  many 
of  the  acids  do  not  exist  in  the  free  state.  In 
determining  the  value  of  e  the  charge  on  the 
ion  must  be  taken  into  account. 

In  the  more  stable  acids  all  four  pairs  of 
electrons  in  the  octets  of  the  central  atoms 
are  shared  by  the  adjoining  atoms. 

Halogen  Compounds.  The  most  stable 
chloride  of  sulphur  is  SiCU.  for  which  «  =  4, 
e  =  26,  p  =  3.  The  constitution  is  thus 
Cl~S  —  S  —  Cl.  The  very  unstable  chloride 
SCh  has  the  structure  Cl  —  S  —  Cl.  The 
tetrachloride  exists  as  a  solid  at  very  low 
temperatures  and  has  been  said  to  exist  as  a 
liquid  at  20  deg.,  but  dissociates  rapidly 
with  rise  of  temperature  into  chlorine  and 
SoCk.  The  octet  theory  gives  for  SCh  «  =  5, 
^  =  34,  p  =  ^.  This  indicates  that  three 
chlorine  atoms  share  pairs  of  electrons  with 
the  sulphur  atom  and  form  a  positive  ion 
(503)+ while  the  fourth  chlorine  atom  forms 
an  ion  Cl~.  Since  the -sulphur  atom  shares 
only  three  of  its  pairs  of  electrons  such  a 
compound  should  be  very  unstable.  There 
is,  however,  very  Httle  evidence  that  it 
exists,  except  in  the  solid  state.  It  is  more 
probable  that  a  very  unstable  second  order 
compound  between  Ck  and  SiCh  accounts  for 
the  experimental  data. 


Till-:  .\rr.\\c.i:mi:\t  oi'  i:i.i:cTk()\s  in  .\Tf)MS  and  molkcules     tu? 


Fluorine  has  so  litllc  tciidoncy  to  sliarc 
oloctrons  with  other  atoms  that  il  forms  f>nly 
one  com|)ound  with  sulphur,  namely,  Sl'\. 
The  symmetrical  arranj^i'nient  of  the  six 
fluorine  ions  opposite  the  six  faces  of  the  octet 
of  the  sulphur  kernel,  and  the  fact  that  the 
fluorine  atom  and  the  sulphur  kernel  are  of 
about  the  same  size,  gives  the  com])ound  5^6 
an  extraordinary  stahilit>'.  As  a  matter  of 
fact,  this  gas,  notwithstanding  the  large 
liroportion  of  fluorine  in  its  composition,  is  a 
tasteless  and  odorless  gas  which  is  exceedingly 
stable  and  inert. 


Another  tasteless  and  odorless  gas  contain- 
ing fluorine  is  formed  when  SOj  and  fluorine 
are  brought  into  contact  with  a  heated  plat- 
inum wire.  The  composition  is  .SVVj/-,.  Were 
11  =  ').  (■  =  .■{:.'  and  p=i.  This  i-ives  the  <;on- 
/• 

slitution  (>—  S  —  <J    in    whicli    each    fluorine 

F 
atom   shares   a   pair   of   electrons   with    the 
suljjhur  atom.     In  this  case  the  tendency  of 
the  fluorine  to  share  electrons  has  been  over- 


TABLE  VI 
IONS  OF   THE  SULFUR  ACIDS 


Name  of  Acid 

Sulturous 

Sulfuric 

Hyposulfurous 

Thiosulfuric 

Pyrosulf  uric 

Dithionic 

Trithionic 

Tetrathionic 

Pentathionic 

Persulfuric 


Pomiuia 


sor 
sor 

s.or 

s,or 
s^or 
s,or 
SiOr- 
Stor  - 


10 


32 


32 


56 


p 

Constitution 

3 

0     S'^ 

4 

0^    ^0 

s 

0-    ^0 

5 

0^           ^0 

s-s 

0-           ^0 

4 

0^    ^s 
s 

0             0 

8 

0- S -0-S -0 
0            0 
0      0 

7 

0-S -s-0 

i     1 

0      0 

o         o 

0-S -S- S -0 

o         o 

0  o 

i  I 

O- 5 -5-5-5 -0 

1  1 

o  o 

0  o 

1  I 

0-5 -S-S-S-S -O 

I  1 

O  o 

0  0      0 

1  I      I 

0-5-0-5-0 
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come  by  the  combined  tendencies  of  the  sulphur 
atom  to  take  up  an  octet  and  to  share  all  four 
of  its  pairs  of  electrons  with  its  neighbors. 

Chlorine  N=\l,  E  =  7.  The  essential  dif- 
ferences between  chlorine  and  fluorine  seem 
to  be  due  to  the  more  strongly  electronegative 
character  of  fluorine  and  its  smaller  atomic 
volume.  Chlorine,  like  fluorine,  tends  to 
form  negative  ions,  but  it  differs  from  fluorine 
in  that  it  can  share  electrons  with  oxygen, 
especially  if  at  the  same  time  the  molecule 
takes  up  electrons  from  some  more  strongly 
electropositive  element.  It  shows  a  tendency 
like  phosphorus  and  sulphur  to  share  all  four 
pairs  of  its  electrons  if  it  has  to  share  an}'. 

Oxides  of  Chlorine.  The  monoxide  CkO 
according  to  the  octet  theory  has  the  struc- 
ture Cl~0  —  Cl,  since  p  =  2.  For  the  hep- 
toxide  ChO:  we  place  «  =  9,  e  =  o6  and  find 

0  0 

!  1 

p  =  S,  e;iving  the  structure  0  —  Cl~0~Cl-0. 

1  I 
0            0 

This  is  the  most  stable  oxide  of  chlorine  since 
each  chlorine  shares  four  pairs  of  electrons. 
The  peroxide  ClOo,  the  least  stable  of  the 
oxides,  contains  19  available  electrons.  It  is 
thus  one  of  the  few  compounds  that  have  an 
odd  number  of  electrons.  The  only  other 
compounds  of  this  kind  we  have  thus  far 
considered,  namely,  XO  and  NOo,  had  in 
each  case  one  electron  too  many  to  form  the 
normal  structure.  But  ClO^i  has  one  electron 
too  few  to  form  a  normal  compound  of  the 
type  0  —  Cl~0.  The  determination  of  its 
structure  will  be  an  interesting  but  probably 
difficult  problem.  It  is  significant  that  no 
oxide  of  chlorine  corresponding  to  NO  is 
known.  This  is  probably  due  to  the  fact  that 
a  condensed  structure  like  that  of  NO,  CO. 
etc.,  is  not  possible  with  atoms  having  an 
octet  in  their  kernels. 

Oxy-acids.  The  octet  theory  explains 
immediately  the  chlorine  oxy-acids.  Thus 
four  oxygen  atoms  can  be  successively  added 
to  the  chlorine  atom  in  hydrochloric  acid. 
This  gives  the  acids 

HCl,  HCI~0.  HO-Cl-0. 
0  0 

HO-Cl-0  and  HO-Cl-0 


0 
corresponding  exactly  to  the  acids 


0 


HN  =  0;  H0~X  =  0;  HO-N  =  0. 


In  each  case  the  octet  theory  shows  why 
higher  acids  cannot  be  formed.  In  nitric  acid 
and  in  perchloric  acid  all  four  pairs  of  elec- 
trons in  the  octet  of  the  central  atom  are 
shared  by  the  adjacent  atoms. 

First  Long  Period 

Beyond  argon  we  find  that  the  first  three 
elements  have  properties  closely  related  to 
those  of  the  second  short  period,  but,  as  was 
already  pointed  out  in  the  discussion  of  the 
structure  of  the  atoms,  these  relationships 
largely  disappear  beyond  titaniiun.  From 
this  point  on  we  find  that  the  octet  theory 
does  not  apply  at  all  if  in  calculating  e  we 
take  the  total  number  of  electrons  in  the  shell. 
For  example,  all  chromic,  manganous,  ferric 
and  cobaltous  salts  contain  odd  numbers  of 
electrons.  This  difficulty  disappears,  how- 
ever, if  in  calculating  e  in  Equation  2  we 
consider  only  the  available  electrons.  We 
have  already  discussed  why  only  a  certain 
fraction  of  the  electrons  should  be  available 
in  these  elements. 

There  is  nothing  arbitrary  about  this 
choice  of  the  number  of  available  electrons. 
In  compounds  of  iron,  chromium,  manganese, 
etc.,  there  are  fundamental  changes  in  the 
character  of  the  compounds  whenever  the 
number  of  available  electrons  changes.  Fer- 
rous and  ferric  salts,  for  instance,  even  in  the 
solid  state,  are  as  different  from  one  another 
as  though  they  were  salts  of  different  metals. 
Their  colors,  magnetic  properties,  chemical 
properties,  etc.,  are  all  unmistakably  dif- 
ferent. But  among  the  elements  which  pre- 
cede argon  there  are  no  such  differences. 
Thus  we  cannot  satisfactorily  divide  nitrogen, 
phosphorus  or  chlorine  compounds  into  classes 
according  to  the  valence  of  their  parent  atom. 

In  the  compounds  of  F,  Cr,  and  Mn  in 
which  these  elements  enter  the  acid  radical, 
there  seems  to  be  a  tendency  for  the  central 
atom  to  form  octets,  although  the  stability 
of  the  octet  is  much  less  than  those  formed  by 
P,  S  and  CI.  Thus  we  repeatedly  find  com- 
pounds, N^aa'VOi,  NazCrOn,  Na-iMnOi  and 
NaMnOi  in  which  four  oxygen  atoms  sur- 
round the  central  atom.  Since  the  free  atoms 
of  these  elements  have  little  or  no  tendency 
to  take  up  electrons  to  complete  their  octets, 
we  must  conclude  that  any  kernel  with  a 
sufficiently  large  positive  charge  (five  or 
more)  tends  to  surround  itself  with  an  octet 
provided  all  four  of  the  pairs  of  electrons  in 
this  octet  are  shared  by  adjoining  atoms.  Thus 
we  may  speak  of  any  octet  being  stabilized 
by  the  sharing  of  its  pairs. 


ill:  ARkAxccMi'Xr  oi'  i;i.i:(  ruoxs  i.\  atoms  axij  moi.iocl'UvS 


7W 


AiiKiii);  iln'  flciiu'iiis  lu'Ncincl  arjjoii  it  is 
I'dmnmii  to  liiul  thai  a  sinj^lc  t'li-im-nl  forms 
several  acids  corresponding;  lo  differenl 
numbers  of  available  electrons  as  ilinstraled, 
for  exani])le,  by  WhhtiUl,  and  A'(j.1/;;()4. 
In  the  first  eonijiound  llu'  nian},'ancse  atom 
has  six  a\ailable  electrons  while  in  the  second 
it  has  seven.  We  must  jiicture  to  ourselves 
the  manj^anese  kernel  in  the  first  case  as 
consisting  of  a  simple  kernel  like  that  of 
arj^on,  having  seven  positi\-c  charjjes,  holding 
a  sini^le electron  prisoner  within  the  outer  octet 
that  is  sliared  b>-  the  four  oxygen  atoms. 

It  is  evident  that  this  sort  of  thing  greatly 
complicates  the  application  of  the  octet 
theory.  The  difficulty,  however,  is  one  that 
is  forced  ttpon  us  by  the  actual  properties  of 
the  elements  beyond  titanium.  Comjilica- 
tions  of  this  kind  are  observed  especially 
among  such  elements  as  1',  Cr,  Mii,  Cb,  Mo, 
Ta,  W  and  U. 

Another  factor  that  complicates  the  chem- 
istry of  the  elements  of  high  atomic  weight 
is  the  general  tendency  to  form  secondary 
valence  compounds,  especially  by  the  ele- 
ments of  small  atomic  volume,  such  as  those 
in  the  so-called  eighth  group.  All  the  ele- 
ments of  high  atomic  weight  such  as  Sh,  Bi, 
Se,  Te,  /,  and  Cs.  show  very  marked  ten- 
dencies to  form  secondary  valence  compounds. 
A  general  discussion  of  this  field,  however, 
would  be  out  of  place  here. 

Valency,    Co-ordination    Number    and    Covalence- 
valency 

According  to  the  octet  theory  each  carbon 
atom  in  a  molecule  of  an  organic  substance 
has  an  octet  and  shares  all  four  pairs  of  its 
electrons  with  adjacent  atoms.  For  organic 
compounds,  therefore,  a  pair  of  electrons 
held  in  common  by  two  atoms  corresponds 
exactly  to  the  bond  in  the  ordinary  valency 
theory.  Among  other  compounds,  however, 
this  relationship  does  not  hold.  Thus  the 
octet  theory  indicates  that  the  nitrogen  atom 
in  HXO3  shares  four  pairs  of  electrons  with 
the  oxygen  atoms,  in  other  words,  the  valency 
of  nitrogen  is  four.  To  distinguish  between 
the  valency  thus  found  and  that  assumed  in 
the  ordinary  valence  theory  we  shall  denote 
by  the  term  "covalency"  the  number  of 
pairs  of  electrons  which  a  given  atom  shares 
with  its  neighbors. 

Werner's  co-ordination  number  represents 
the  number  of  atoms,  or  molecules,  irrespec- 
tive of  their  valency,  which  are  arranged  in 
space  around  a  given  atom.  The  maximum 
co-ordination  number  for  carbon  is  four  which 


is  realized  in  saturated  hydrocarbons  and 
lialogen  com]K)unds,  In  many  c)rganic  sub- 
stances, however,  such  as  ('O-,  (H2O,  etc, 
the  co-ordination  number  is  less  than  four. 
I'rom  tin-  stand])oint  of  the  octet  theory,  the 
ordinary  conception  of  valency  is  not  definite, 
but  involves  at  least  three  difTerent  j)roj)- 
erties  of  the  atoms.  In  tracing  general 
relationships  between  the  elements  it  has 
usually  been  necessary-  to  disregard  all 
\alencies  of  the  elements,  except  the  maxi- 
mum positive  and  negative  valencies.  Now 
the  maximum  positive  valency  is  a  definite 
concei)tion — it  rei>resents  the  number  of 
electrons  in  the  shell  of  the  atom.  Thus  if 
the  element  combines  with  an  excess  of 
fluorine  or  oxygen  these  elements  will  usually 
take  all  the  electrons  in  the  shell.  The  maxi- 
mum number  of  fluorine  atoms  or  twice  the 
maximum  number  of  oxygen  atoms  thus  held 
is  a  direct  measure  of  the  total  number  of 
a\-ailable  electrons  in  the  shell.  On  the  other 
hand,  the  maximum  negative  valency  rep- 
resents the  number  of  electrons  which  the 
atom  must  take  up  to  reach  a  stable  form  like 
that  of  the  inert  gases.  Both  of  these  con- 
ceptions are  definite,  although  quite  different. 
In  most  compounds,  however,  the  atoms  do 
not  take  up  or  give  up  electrons  but  rather 
share  them  with  other  atoms. 

With  carbon  it  so  happens  that  the  number 
of  pairs  of  electrons  shared  by  other  atoms 
is  equal  to  the  maximum  positive  and  the 
maximum  negative  valency.  For  other 
elements,  however,  there  is  no  necessary 
relation  between  the  number  of  pairs  of 
electrons  shared  and  the  number  of  electrons 
in  the  shell  of  the  original  atom.  It  is  for 
this  reason  that  the  utmost  confusion  occurs 
when  the  ordinary  valencies  are  applied  to 
inorganic  compounds  in  which  atoms  share 
pairs  of  electrons. 

In  using  the  octet  theory  to  determine 
the  structure  of  inorganic  compounds  we 
determine  p  in  Equation  2  from  the  total 
number  of  available  electrons  and  make 
no  assumptions  regarding  covalency.  This 
simple  theory  corresponds  with  the  known 
facts  very  much  better  than  the  ordinary 
valence  theory,  but  does  not  yet  accomplish 
all  that  could  be  desired  in  explaining  why 
certain  compounds  exist,  while  others  do 
not.  For  example,  since  phosphorous  and 
nitrogen  atoms  contain  the  same  number 
of  electrons  in  their  shells,  the  simple 
octet  theory  represented  by  Equation  2,  indi- 
cates that  nitrogen  compounds  correspond- 
ing   to   all    known    phosphorous    compounds 


800     October,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  10 


could  exist  and  vice  versa.  Thus  we  might 
expect  the  following  compounds  ff.-s  NOi, 
Nai  xV-i  Ot,  Ps  0.  Similarly  because  sulphur 
and  oxygen  have  equal  numbers  of  electrons 
in  their  shells  we  might  expect  compounds 
like  052,  Hi  OS4,  OFe  and  O2  Ck  correspond- 
ing to  SO2,  Hi  SOi.  SFi  and  Si  Ck  respec- 
tively. 

The  octet  theory  may  be  made  much  more 
useful  by  supplementing  it  by  a  study  of  the 
values  of  the  covalency  as  observed  for 
the  different  elements.  We  have  already 
noticed  that  with  carbon  it  is  practically 
always  four  while  with  fluorine  it  is  one 
or  zero.  Table  VII  gives  in  the  column 
marked  P  a  list  of  the  values  of  co- 
valency  corresponding  to  the  elements  of  the 
two  short  periods.  The  symbol  (O-f-)  means 
that  the  atom  does  not  share  any  pairs  of 
electrons  with  other  atoms  but  has  given  up 
one  or  more  electrons  and  therefore  has 
become  positively  charged  as,  for  example, 
in  the  case  of  the  lithium  ion.  The  symbol 
(0  —  )  indicates  that  the  atom  has  taken  up 
electrons  to  complete  its  shell  but  does  not 
share  electrons  with  other  atoms,  as,  for 
example,  the  chlorine  ion  Cl~. 

The  values  of  P  represent  the  number  of 
pairs  of  electrons  which  the  atom  shares  with 
other  atoms.  In  the  column  marked  5  is 
given  the  maximum  number  of  pairs  of  elec- 
trons which  an  atom  is  capable  of  sharing 
with  a  single  other  atom.  The  values  of  P 
shown  by  heavy-faced  type  represent  the 
covalency  which  occurs  in  the  largest  num- 
bers   of   compounds.     Thus   for   nitrogen. in 


ammonium  salts,  in  nitrates,  in  N2  O4,  etc., 
P  =  4,  while  in  ammonia,  nitrous  acid,  NCh, 
and  many  organic  compounds,  etc.,  P  =  3. 

This  table  brings  out  clearly  how  the 
covalency  of  the  elements  from  carbon  to 
fluorine  decreases  steadily  as  the  number  of 
electrons  approaches  that  of  neon.  With  the 
corresponding  elements  of  the  second  short 
period  the  lower  limits  of  the  covalency 
decrease  as  in  the  first  period,  but  the  maxi- 
mum covalency  remains  constant  at  4. 
Thus  chlorine  forms  HClOt,  but  there  is  no 
corresponding  fluorine  compound. 

The  covalence  of  an  atom  is  closely 
related  to  the  co-ordination  nmnber.  Accord- 
ing to  Werner  the  co-ordination  number  is 
four  in  the  following  compounds  NHi  CI, 
HBFi,  Hi  SOi,  Hs  POi,  HPHi  Oi,  Hi  PHOs, 
HClOi,  but  not  in  HNO^,  COi  or  CHiO. 
According  to  the  octet  theory  the  co- 
valency of  the  central  atom  of  all  these  com- 
pounds is  four.  In  HNO:t,  COi  and  CHi  0  one 
or  more  of  the  oxygen  atoms  is  held  to  the 
central  atom  by  two  pairs  of  electrons,  while 
in  all  the  others  there  is  never  more  than  one 
pair  of  electrons  involved  in  holding  together 
two  adjacent  atoms.  This  difference  between 
the  octet  theory  and  Werner's  theory  ac- 
counts for  many  of  the  cases  of  unsaturated 
supplementary  valencies. 

In  a  very  great  number  of  compounds  the 
co-ordination  number  and  the  covalence  are 
identical  and  the  octet  theory  then  corre- 
sponds exactly  to  Werner's  theory  just  as  for 
organic  compounds  it  is  equivalent  to  the 
ordinary  valence  theory. 
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A  few  I'xaiiipli's  will  make  this  dear.  In 
the  comi)ouiul  UHh\  we  have  ;;=.").  e  =  'S2. 
/>  =  4.  liach  fluorine  atom  thus  shares  a  pair 
of  electrons  with  the  octet  of  the  boron 
atom.  The  covalency  of  boron  is  thus  four 
in  this  comiKiund.  Similarh-  for  .\'f{,C'l  we 
place  11  =  2.  i'=  U>,  />  =  ().  The  four  hydroj;en 
nuclei  thus  attach  themselves  to  the  four 
I)airs  of  electrons  in  the  niiroj^en  octet  makini; 
the  positive  ion  A'/Za"^.  Since  the  chlorine 
atom  has  a  complete  octet  it  exists  as  a  nc<.;a- 
tivc  ion.  Therefore  ammonium  chloride  is  a 
salt  resembling;  XaCl.  In  this  case  also  the 
central  atom,  nitrogen,  has  a  covalency  of 
four.  These  structures  correspond  exactly  to 
those  t^ven  by  Werner. 

An  interestinj;  compound  whose  constitu- 
tion is  not  given  by  the  ordinary  valence 
theory  is  B{CHi)3  XHi.  Applying  the  octet 
theory  we  have  w  =  5,  e  =  32,  p  =  4.  Whence 
the  structure  is 

H3C  ^   T}  ^A  H3 

According  to  the  octet  theory  this  is  a  typical 
primary  valence  compound  in  no  way  dif- 
ferent from  organic  compounds.  It  is  interest- 
ing to  note  that  in  this  compound  the  co- 
valence  of  both  the  carbon  and  nitrogen 
atoms  is  four.  The  structure  arrived  at  is 
identical  with  that  postulated  by  Werner 
except  that  he  assumes  that  the  bond  between 
the  boron  and  the  nitrogen  corresponds  to 
supplementary  valence,  while  the  others  are 
of  the  primary  type.  The  octet  theory-  indi- 
cates that  they  are  all  of  the  sam.e  type. 

For  the  compound  B(CH3)3  we  place  «=4, 
€  =  24  and  find  p  =  4.  But  it  is  not  possible 
to  hold  three  methyl  groups  by  four  pairs 
of  electrons.  However,  if  we  place  w  =  3  we 
find  p  =  0.  The  structure  of  this  compound 
therefore  must  be  5  "^  "^  ~  {CH3)3~-  Since 
the  volume  of  the  boron  atom  is  small  com- 
pared with  the  methyl  group  and  since  there 
are  enough  methyl  groups  to  surround  the 
boron  atom,  the  electric  field  will  be  nearly 
wholly  internal  and  the  substance  thus  has 
a  low  boiling  point  and  is  not  an  electrolyte. 

The  compound  P(CH3)3  gives  «=-!,  e  =  26. 
^  =  3  so  that  each  methyl  group  shares  a 
pair  of  electrons  with  the  phosphorus  atom. 
This    compound    can    add    itself    to    methyl 

iodide    to    give    a    compound PiCHs)^, 

for  which  we  find  «  =  (),  £"  =  40,  /'  =  4.  This 
leads  to  the  structure  [P(CH3)i\^I~  in 
which  each  of  the  four  carbon  atoms  shares 
one  of  the  pairs  of  electrons  with  the  phos- 
phorus atom.  The  covalency  of  both  the 
carbon  and   the   phosphorus  atoms  is  four. 


The  structure  is  quite  analogous  l(j  that  of 
typical  primary  valence  compounds. 

The  structures  of  compounds  like  KAu  (t,. 
KHUU.  k\Zn(C.\)^.  r«(.\7/,, ),(/,.  hWiF,. 
PHPC'U)i('li.  etc.,  can  be  found  by  the 
octet  theory  in  the  same  way.  As  a  final 
example  let  us  con.sider  the  platino-ammtmia 
comjjounds.  In  these  the  platinum  is  diva- 
lent, that  is,  there  are  two  available  electrons 
in  the  shell  of  the  atom.  For  the  compound 
PnXH3)i('l-  we  place  «  =  7,  c  =  4S.  p  =  4. 
The  four  .V//.i  radicals  are  thus  held  directly 
to  the  platinum  each  sharing  a  pair  of  elec- 
trons. This  allows  the  nitrogen  and  the 
platinum  to  have  a  covalence  of  four. 
The  chlorine  atoms  become  ions.  For  the 
compound  [Pt{XH3)3Cl]Cl  we  place  «  =  (), 
r  =  40,  p  =  4.  The  three  XH3  radicals  and 
one  of  the  chlorine  atoms  are  attached  to 
the  platinum  while  the  second  chlorine  forms 
an  ion.  The  compound  Pt{XH3)2Cl2  gives 
,i  =  r>.  e  =  'S2,  p  =  4  so  that  both  chlorine 
atoms  are  attached  to  the  platinum.  For 
K{PtXH3Cl3)  we  have  «=.5,  e  =  32.  p  =  4. 
All  three  chlorine  atoms  and  the  XH3  are 
attached  to  the  platinum,  and  the  potassium 
forms  a  positive  ion.  In  K-iPt  C  U  we  find 
;/  =  .5,  e  =  32,  p  =  4  so  that  all  four  chlorine 
atoms  are  held  by  the  platinum  while  the 
potassium  atoms  form  positive  ions.  It  will 
be  noted  that  in  each  of  these  compounds  the 
covalence  of  the  nitrogen  and  platinum  is 
four.  According  to  this  theory  all  these 
compounds  should  be  looked  upon  as  typical 
primary  valence  compounds. 

Compounds  ix'ith  Co-ordination  Xinnher 
Six.  The  elements  of  the  first  short  period 
never  ha\-e  a  co-ordination  number  greater 
than  four.  This  is  probably  due  to  the  strong 
tendency  to  complete  the  first  octet.  Among 
the  elem.ents  of  the  second  period  silicon 
forms  HiSiFe  and  a  few  other  compounds 
which  show  a  co-ordination  number  of  six 
even  when  these  compounds  are  in  solution. 
Aluminum  forms  compounds  like  cryolite, 
XosAlFe  but  this  exists  only  in  the  solid  state. 
Phosphorus,  sulphur,  and  chlorine  form  no 
compounds  of  this  kind  with  the  exception  of 
the  compound  SF^- 

The  elements  from  titaniimi  to  nickel  and 
the  corresponding  elements  in  the  subsequent 
periods,  have  especially  strong  tendencies  to 
form  compounds  with  a  co-ordination  number 
six.  With  these  elements  there  is  little  or  no 
tendency  to  complete  an  octet  unless  all  four 
pairs  of  electrons  are  shared,  so  it  is  not 
surprising  that  a  larger  nvunber  of  pairs  of 
electrons  can  also  be   taken   up.     We  may 
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imagine  two  ways  in  which  this  may  occur. 
It  is  possible  that  a  shell  of  twelve  electrons 
consisting  of  six  pairs  tends  to  form  around 
the  central  atom.  We  may  call  such  a  group 
a  disextet.  If  m  is  the  number  of  disextets 
in  a  molecule  then  we  have  by  analogy  with 
Equation  2 
(3)  p  =  }.2  (12  »H  +  S»-f) 

We  may  use  this  equation  for  compounds 
in  which  one  of  the  atoms  has  a  co-ordination 
number  six  in  the  same  way  that  Equation  2 
was  used  for  compounds  with  co-ordination 
number  four. 

The  other  way  of  looking  at  these  com- 
pounds is  to  consider,  as  we  did  in  the  case 
of  f/o  Si  Fe,  that  the  central  atom  does  not 
share  any  pairs  of  electrons  with  the  sur- 
rounding atoms,  but  holds  these  by  electro- 
static forces.  It  is  evident  that  there  is 
no  difficulty  in  explaining  the  structure  of 
K-iPtCU  on  the  assumption  that  the  platinum 
atom  has  four  positive  charges  and  that  the 
six  chlorine  ions  are  held  around  it  by  electro- 
static attraction.  On  the  other  hand,  it  is  not 
at  first  apparent  how  groups  like  NHz,  H2O, 
etc.,  can  be  held  by  electrostatic  forces  in  com- 
pounds like  [Pt[Nm^]CU  and  PtCU  [H-.Oh.. 
The  groups  that  can  enter  into  compounds  in 
this  way  are  NHz,  HO2,  HCl,  PCk,  etc.,  in 
which  the  covalence  is  less  than  four. 

We  may  look  upon  each  of  these  groups 
as  consisting  of  a  central  octet  to  which  are 
attached  positive  radicals.  In  the  cases  of 
NHs,  Hi  0  and  HCl  the  hydrogen  nucleus 
is  the  positive  element.  In  PC/3  the  central 
octet  has  eight  electrons  having  a  kernel  with 
only  five  positive  charges,  so  that  it  has  a 
net  negative  charge  of  three  units.  Each 
chlorine  atom  contributes  to  this  structure 
six  electrons  and  a  kernel  with  seven  posi- 
tive charges,  a  net  positive  charge  equal  to 
one. 

If  we  now  assume  that  the  positive  parts 
of  these  added  substances  are  mobile,  then 
when  the  molecule  is  brought  near  a  positive 
charge  the  central  atom  is  attracted  by  this 
while  the  others  are  repelled.  Thus  a  mole- 
cule of  water  normally  represented  by  HOH, 
when  it  is  brought  near  a  positive  charged  ion 


will  take  the  form  jj  0 


Pt+  +  +  +.     This 


displacement  of  the  positive  charges  in  the 
water  molecule  causes  it  to  be  strongly  at- 
tracted to  charged  ions,  particularly  those 
having  large  charges. 

Because  of  this  effect  any  highly  charged 
ion,  especially  if  of  small  volume,  can  attract 


molecules  of  such  substances  as  H->  0,  XH3, 
etc.  The  number  that  can  be  held  depends 
on  geometrical  considerations.  In  view  of 
the  more  or  less  cubical  form  of  most  atoms 
and  the  symmetry  with  which  six  groups  can 
place  themselves  it  is  not  surprising  that  the 
co-ordination  number  of  six  should  be  so 
common. 

By  either  of  these  theories  we  can  account 
for  the  structure  of  practically  all  complex 
compounds  having  a  co-ordination  number 
six.  The  second  of  these  theories  explains 
also  the  few  cases  in  which  the  co-ordination 
number  has  values  other  than  four  or  six. 

GENERAL  CONCLUSIONS 

The  theory  of  atomic  structure  advanced 
in  the  present  paper  not  only  explains  in  a 
satisfactory  manner  the  general  properties 
and  relationships  of  all  the  elements,  but  also 
gives  a  theory  of  the  formation  and  structure 
of  compounds  which  agrees  excellently  with 
the  facts.  It  leads  directly  to  a  valence 
theory  for  organic  compounds  which  is  the 
exact  equivalent  of  the  ordinary  theory. 
When  applied  to  the  structure  of  complex 
inorganic  compounds  it  leads  to  a  theory 
practically  identical  with  that  of  Werner. 
In  cases  like  those  of  the  oxides  of  nitrogen, 
etc.,  which  have  not  previously  been  explained 
by  any  theory  of  valence  the  results  are 
thoroughly  satisfactory.  The  structure  of 
the  nitrogen,  carbon  monoxide,  and  hydro- 
cyanic acid  molecules  are  accounted  for  and 
new  relationships  are  obtained. 

Under  these  conditions  the  postulates 
underlying  the  theory  receive  strong  support. 
In  fact,  the  results  seem  to  establish  the 
fundamental  correctness  of  most  of  the 
postulates.  The  recent  advances  in  the 
phvsics  of  the  electron  have  been  largely 
along  the  lines  of  Bohr's  theory.  It  is  gen- 
erally assumed  that  the  electrons  are  revolving 
all  in  one  plane,  in  orbits  about  the  nucleus. 
Such  a  view  is  wholly  inconsistent  with  that 
of  the  present  paper.  Bohr's  theory  has  had 
marked  success  in  explaining  and  even  in 
predicting  new  facts  connected  with  the 
spectra  of  hydrogen,  helium  and  lithium,  and 
must  therefore  contain  important  elements 
of  truth. 

It  will  probably  be  possible  to  reconcile 
the  two  theories.  As  has  already  been  pointed 
out,  Bohr's  stationary  states  have  a  close 
resemblance  to  the  cells  postulated  in  the 
present  theory.  The  series  of  numbers  1, 
J4,  1/9,  1/25  occur  in  much  the  same  way  in 
both  theories. 
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'Pill'  cellular  slrui'turt.'  iiosUilalcd  hen- 
also  sc-i'iiis  to  he  closely  related  to  J.  j. 
'riinnison's*  theory  of  aloinic  slrucliirc  in 
w  liicli  he  jiostiilales  lubes  of  force.  Il  seems 
as  thouj^h  each  cell  in  the  |)resenl  theory  is 
analoj^ous  to  the  inner  end  of  one  of  Thom- 
son's cylindrical  lubes  of  force.  This  \-ie\v 
suj^f^ests  that  in  an  atom  the  electrons  arc 
acted  on  by  a  repulsive  force  inversely  ]iro- 
portional  to  the  cube  of  the  distance  from  the 
nucleus  and  an  attractive  force  pro]jortional 
to  1  T-  where  r  is  the  inde.\  number  of  the 
shell  in  which  the  electron  is  located.  Thus 
insleail  of  the  force  varyin<^  continuously,  as 
in  Coulomb's  law,  it  varies  discontinuously  in 
l)roi)ortion  to  1,  I4,  1/9,  1/25,  etc.,  and  only  at 
larjje  distances  where  r  is  very  large  docs  the 
force  vary  approximately  continuously.  In 
some  such  way  we  may  hope  to  be  led  to  a 
modification  of  Bohr's  theory  in  which  the 
electrons  do  not  rotate  about  the  nucleus. 

SUMMARY 

The  tlieory  presented  in  this  paper  is 
essentially  an  extension  of  Lewis'  theory  of 
the  "cubical  atom,  "t  It  may  be  most  concisely 
stated  in  terms  of  the  following  postulates: 

1 .  The  electrons  in  atoms  are  either  station- 
ary or  rotate,  revolve  or  oscillate  about  defi- 
nite ]iositions  in  the  atom.  In  the  most  stable 
atoms,  namely,  those  of  the  inert  gases,  theelec- 
trons  have  positions  symmetrical  with  respect 
to  a  plane,  called  the  equatorial  plane,  passing 
through  the  nucleus  at  the  ceiiter  of  the 
atom.  No  electrons  lie  in  the  equatorial 
plane.  There  is  an  axis  of  s}Tnmetry  (polar 
axis)  perpendicular  to  this  plane  through 
which  four  secondary  planes  of  symmetry 
pass  forming  angles  of  45  deg.  with  each  other. 
These  atoms  thus  have  the  symmetry  of  a 
tetragonal  crystal. 

2.  The  electrons  in  any  given  atom  are 
distributed  through  a  series  of  concentric 
(nearly)  spherical  shells,  all  of  equal  thick- 
ness. Thus  the  mean  radii  of  the  shells  form 
an  arithmetric  series  1,  2,  3,  4,  and  the  eiTec- 
tive  areas  are  in  the  ratios  1 :  2-:  3-:  4'-. 

0.  Each  shell  is  di\'ided  into  cellular 
spaces  or  cells  occupying  equal  areas  in  their 
respective  shells  and  distributed  over  the 
surface  of  the  shells  according  to  the  sym- 
metry required  by  Postulate  1.  The  first 
shell  thus  contains  2  cells,  the  second  S,  the 
third  IS  and  the  fourth  32. 

4.  Each  of  the  cells  in  the  first  shell  can 
contain   only   one   electron,    but    each    other 
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cell  can  contain  either  one  or  two.  All  liiu 
inner  shells  must  have  llieir  full  quotas  of 
electrons  before  the  outside  shell  can  contain 
any.  No  cell  in  the  outside  layer  can  con- 
tain two  electrons  until  all  the  other  cells 
in  this  layer  contain  at  least  one. 

5.  Two  electrons  in  the  same  cell  do  not 
repel  nor  attract  one  another  with  strong 
forces.  This  probably  means  that  there  is 
a  magnetic  attraction  (Parson's  Magneton 
Theory)  which  nearly  counteracts  the  electro- 
static repulsion. 

().  When  the  number  of  electrons  in  the 
outside  layer  is  small,  the  arrangement  of  the 
electrons  is  determined  by  the  (magnetic) 
attraction  of  the  underlying  electrons.  But 
when  the  number  of  electrons  increases, 
especially  when  the  layer  is  nearly  complete, 
the  electrostatic  repulsion  of  the  underlying 
electrons  and  of  those  in  the  outside  shell 
becomes  predominant. 

7.  The  properties  of  the  atoms  are  deter- 
mined primarily  by  the  number  and  arrange- 
ment of  electrons  in  their  outside  shell  and 
by  the  ease  with  which  the  atom  is  able  to 
revert  to  more  stable  forms  by  giving  up  or 
taking  up  electrons. 

S.  The  stable  and  symmetrical  arrange- 
ments of  electrons  corresponding  to  the  inert 
gases  are  characterized  by  strong  internal  and 
weak  external  fields  of  force.  The  smaller 
the  atomic  number,  the  weaker  the  external 
field. 

9.  The  most  stable  arrangement  of  elec- 
trons is  that  of  the  pair  in  the  helium  atom. 
A  stable  pair  may  also  be  held  by:  (a)  a  single 
hydrogen  nucleus;  (b)  two  hydrogen  nuclei; 
(c)  a  hydrogen  nucleus  and  the  kernel  of 
another  atom;  (d)  two  atomic  kernels  (very 
rare ) . 

10.  The  next  most  stable  arrangement 
of  electrons  is  the  octet,  that  is,  a  group  of 
eight  electrons  like  that  in  the  second  shell 
of  the  neon  atom.  Any  atom  with  atomic 
nunaber  less  than  twenty,  and  which  has  more 
than  three  electrons  in  its  outside  layer  tends 
to  take  up  enough  electrons  to  complete  its 
octet. 

.11.  Two  octets  may  hold  one.  two,  or 
sometimes  three  pairs  of  electrons  in  common. 
One  octet  may  share  one,  two,  three  or  four 
pairs  of  its  electrons  with  one,  two,  three  or 
four  other  octets.  One  or  more  pairs  of  elec- 
trons in  an  octet  may  be  shared  by  the  corre- 
sponding number  of  hydrogen  nuclei.  No  elec- 
tron can  be  shared  by  more  than  two  octets. 
This  theory  explains  the  periodic  properties 
of   all   the   elements   including   those   of  the 
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eighth  group  and  the  rare  earths.  It  meets 
with  success  in  explaining  the  magnetic 
properties  of  the  elements,  and  applies  as 
well  to  the  so-called  physical  properties,  such 
as  boiling  points,  freezing  points,  electric 
conductivity,  etc.,  as  it  does  to  the  "chemical 
properties."  It  leads  to  a  simple  theory  of 
chemical  valence  for  both  polar  and  non- 
polar  substances.  In  the  case  of  organic 
compounds  the  results  are  identical  with 
those  of  the  ordinary  valence  theory,  while 
with  oxygen,  nitrogen,  chlorine,  sulphur  and 
phosphorus  compounds,  the  new  theory 
applies  as  well  as  to  organic  compounds, 
although  the  ordinary  valence  theory  fails 
nearly  completely. 

This  theory  explains  also  the  structure  of 
compounds  which,  according  to  Werner's 
theory,  are  second  order  compounds  with  a 
co-ordination  number  equal  to  four.  Accord- 
ing to  the  present  theory,  such  compounds 
are  to  be  regarded  rather  as  typical  primary 
valence  compounds. 

This  valence  theory  is  based  on  the  follow- 
ing simple  equation : 

e=S n—2 p 

where  e  is  the  total  number  of  available 
electrons  in  the  shells  of  all  the  atoms  in  a 
molecule;  h  is  the  number  of  octets  forming 


the  outside  shells,  and  p  is  the  number  of 
pairs  of  electrons  held  in  common  by  the 
octets.  This  equation  is  a  complete  mathe- 
matical statement  of  the  primary  valency 
requirements,  not  only  in  organic,  but  in 
inorganic  chemistry. 

The  theory  leads  to  very  definite  concep- 
tions as  to  the  positions  of  the  electrons  in 
the  molecules  or  space  lattices  of  compounds. 
The  structures  of  molecules  of  N2,  CO,  HCN, 
and  NO  prove  to  be  exceptional  in  that  the 
kernels  of  both  atoms  in  the  molecule  are 
contained  within  a  single  octet.  This  ac- 
counts for  the  practically  identical ' '  physical ' ' 
properties  of  nitrogen  and  carbon  monoxide, 
and  for  the  abnormal  inertness  of  molecular 
nitrogen. 

The  results  obtained  by  the  use  of  the 
postulates  are  so  striking  that  one  may  safely 
reason  that  the  results  establish  the  funda- 
mental correctness  of  the  postulates. 

These  conclusions,  however,  are  not  easily 
reconciled  with  Bohr's  theory  of  the  atom. 
Bohr's  stationary  states  have  a  rather  close 
resemblance  to  the  cellular  structure  postu- 
lated in  the  present  theory.  There  are  also 
striking  points  of  similarity  with  J.  J.  Thom- 
son's theory  of  the  structure  of  atoms,  in 
which  he  assumes  that  the  attractive  forces 
are  limited  to  certain  tubes  of  force. 
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The  Flow  of  Steam  Through  Pipes 

H\-   HasSICTT  JoNl'.S 
C'ONM  l.llMi   lil.liCTKICAI.   liNlilNKER,   NliW   YoKK  CiTY 

As  till-  ;irl  of  sUiini  cnginccrinK  was  dcvclnpcd  by  Ihf  prai-tician  rather  than  the  theorist,  the  basic 
fiinmilas  for  laUuhUion  are  usually  of  an  empirical  nature.  Of  these  formulas  some  do  not  lenfl  themselves 
readily  ti>  accurate  computation,  for  instance,  those  for  the  flow  of  steam  through  pipes.  To  fultill  the  desired 
rc<iuircmenls  more  satisfactorily  in  this  case  a  simplified  formula  with  supplementary  tables  has  been  derived 
in  this  article.      Its  application  is  exemplilied  by  the  solution  of  four  different  types  of  problems. — Editor. 


Some  of  the  formulas  lioreinafler  };ivcn  were 
taken  from  "Flow  of  Steam  in  Pi])cs,"  bv 
F.  N.  Hatch,  Electrical  WorU.  Vol.  (IS,  No.  24, 
December!),  Uttti.  Unfortunately,  Mr.  Hatch 
put  his  coiTiputed  results  in  the  form  of  a 
chart  that  is  not  easy  to  use  and  that  is 
encumbered  with  a  number  of  factors  un- 
necessary in  ordinary  work. 

Like  most  of  the  data  used  in  steam  and 
mechanical  engineering,  the  formulas  are 
ajjproximate,  so  that  refinement  means  waste 
of  time  and  effort.  What  the  engineer  wants 
is  a  quick  and  ready  means  of  picking  out  a 
pi]5e  .size  to  transmit  a  given  weight  of  steam 
a  given  distance  in  a  given  time  at  not  too 
great  a  loss  in  pressure.  He  has  pounds  per 
minute,  length  in  feet,  and  initial  pressure 
given.    What  size  of  pipe  shall  he  use? 

Babcock's  formula  for  the  flow  of  steam 
through  pipes  is 

pDd' 

■  U) 


=  N(  . 


where 

ir  =  weight  of  steam  in  lb.  passed  per  min. 
/>  =  pressure  drop  =  (pi  — /'•i)  in  lb.  per  sq.  in. 
D  =  mean  density  of  steam  in  lb.  per  cu.  ft., 

that  is,  density  at    — ^-   lb.  pressure 

per  sq.  in. 
£?  =  inside  dia.  of  pipe  in  inches. 
L=  equivalent  length  of  straight  pipe. 
This  formula,  (/),  is  derived  from  Unwin's 
formula  for  pressure  drop,  \-iz. : 

P  =  0.00013U7(l+-^«)lg^ W 

Actually  both  (/)  and  (2)  are  approxi- 
mations from  certain  formulas  for  the  flow  of 
water  through  pipes.  No  one  seems  to  know 
how  nearly  correct  they  are.  Since  both 
formulas  contain  the  fifth  power  of  d,  a  slight 
error  in  d  may  introduce  a  considerable  error 
in  the  result. 

It  is  obvious  that  W  can  also  be  found  from 
D,  V,  the  velocity  at  which  steam  travels  in 
ft.  per  sec.,  and  A,  the  area  of  the  pipe  in 
sq.  ft.,'as_follows: 


U) 


ir  =  (M)  VAD (5) 

Square  (/)  and  {3)  and  equate.    The  result  is 

[pDd^ 
/l+.TBy^ 

For  .4  put  T^- ,  , ,    obtaining 
■4X  144, 

(4->^4r'^-''"^^>=('^'-^)= 


] 


which  is  merely  another  form  of  (2),  and  may 
be  written 

p  =  kV-DL (8) 

where  fe  is  a  constant  for  any  value  of  d. 
It  follows  from  (8)  that 


V 


w 


(9) 


where 


(10) 


Putting  the  value  of  I'  from  (9)  in  (3),  the 
value  of  ir  is 

The  value  of  w!  =  60  .4  c  may  be  computed 
once  for  all  for  each  pipe  size. 

It  is  e\-ident  that,  for  any  given  length  of 
any  given  size  of  pipe,  W  varies  as  (pD)^-. 
Values  of  (pD)^^  for  various  \-alues  of  p  and 
D  can  be  computed  for  various  initial  pres- 
sures (Table  II)  so  that  the  only  computation 
not  of  plain  first  order  multiplication  neces- 
sary in  any  application  of  (11)  is  finding  the 
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value  oi  L'-.  In  com]3uting  L,  the  usual 
allowances  must  be  made  for  fittings,  valves, 
openings,  etc. 

When  W,  L,  and  p  are  known  and  the 
problem  is  to  find  the  pipe  size,  solve  {11)  for 
m  thus: 


•;«  =  1I 


(/;,) 


.{12) 


Then  look  up  the  pipe  size  corresponding  to 
m  in  the  computed  values  of  m  in  Table  I. 
For   the   convenient   use   of    {12),   values   of 

I     ,  )      are  given  in  Table  III. 

To  decide  on  initial  pressure  and  pressure 
loss,  one  or  both,  necessary  to  deliver  a  given 
weight  of  steam  through  a  given  length  of  a 
given  size  of  pipe — that  is  where  W,  L,  and 
m  are  given,  put  {11)  in  the  form 


(PD)'-^  =^L 


.{13) 


From  the  resulting  value  of  {pD)—  a 
selection  can  be  made  using  the  computed 
values  of  {pD)''-  in  Table  II. 

For  initial  pressures  other  than  those  given 
in  Tables  II  and  III,  the  values  of  {pD)'"^ 
can  be  interpolated. 

To  find  p  when  II',  in,  L,  and  D  are  given, 
]jut  {11)  in  the  form 

-J©'-, "« 


The  last  form  may  be  preferable  as  the  value 
of  D'-^  can  be  taken  from  Table  II  for  p=l. 

Values  of  m  are  given  in  Table  I.  For 
outside  diameter  pipe  sizes  above  12  inches, 
walls  5^  inch  thick  have  been  assumed.  Pipe 
sizes  12  inches  and  below  are  of  ordinary 
medium  pressure  weight. 

Values  of  {pD)'^  are  given  in  Table  II  for 
initial  pressures,  pi,  30  lb.  and  above,  and  for 
pressure  loss,  p,  from  1  to  10  lb.  Above  30  lb. 
initial  pressure,  the  value  of  D  (steam 
density)  can  be  used  at  initial  pressure 
without  serious  error.  Below  30  lb.  initial 
pressure,  the  value  of  D  should  be  taken  at  the 
mean  pressure  in  the  pipe,  and  {pD)'^ 
computed  in  each  case. 


VALUES  OF  (/.O)'.'.  (D   TAKEN  FROM 
PEABODY'S  TABLES) 


tl 

I 
30 

50 

75 

100 

125 

150 

200 

p 

1 

0.272 

0.345 

0.417 

0.476 

0.530 

0.576 

0.663 

2 

0.384 

0.488 

0.539 

0.673 

0.755 

0.815 

0.937 

3 

0.471 

0.598 

0.722 

0.825 

0.917 

1.998 

0.130 

4 

0.544 

0.690 

0.834 

0.952 

1.060 

1.152 

1.326 

5 

0.608 

0.772 

0.933 

1.065 

1.1861  1.289 

1.483 

(i 

0.666 

0.845 

1.022 

1.168 

1.299    1.413 

1.624 

7 

0.720 

0.913 

1.103 

1.259 

1.402    1.524 

1.754 

8 

0.769 

0.976 

1.179 

1.346 

1.499    1.628 

1.875 

9 

0.816 

1.035 

1.251 

1.428 

1.590    1.728 

1.98ct 

10 

0.860 

1.091 

1.319 

1.505 

1.676    1.821 

2.086 

i'^=     TT 


(i) 


■\.16) 


Pipe  Size 
Inches 

Pipe  Size 
Outside  Dia. 

Inches 

1 

46 

14 

49300 

Wi 

104 

16 

71420 

IVl 

159 

18 

98190 

2 

325 

20 

130160 

2  J/2 

561 

22 

168200 

3 

977 

24 

211900 

■AH 

1463 

4 

2063 

4K> 

2680 

5 

3820 

6 

6260 

7 

9300 

8 

13060 

9 

17650 

10 

24450 

11 

32000 

12 

38410 

TABLE  III 
VALUES  OF 


uw 


fl 

30 

50 

75 

100 

125 

150 

200 

p 
1 

3.60 

2.61 

2.40 

2.10 

1.89 

1.73 

1.51 

2 

2.60 

2.09 

1.70 

1.49 

1.33 

1.23 

1.07 

3 

2.12 

1.67 

1.38 

1.20 

1.09 

1.00 

0.88 

4 

1.84 

1.45 

1.20 

1.05 

0.94 

0.87 

0.75 

5 

1.64 

1.29 

1.07 

0.94 

0.84 

0.78 

0.67 

6 

1.50 

1.18 

0.98 

0.86 

0.77 

0.71 

0.61 

/ 

1.38 

1.10 

0.91 

0.78 

0.71 

0.66 

0.57 

8 

1.31 

1.02 

0.85 

0.74 

0.67 

0.61 

0.53 

9 

1.23 

0.97 

0.80 

0.69 

0.63 

0.58 

0.50 

10 

1.16 

0.92 

0.75 

0.66 

0.60 

0.55 

0.48 

Example   1 

How  much  steam  will  a  2-in.  pipe  100  ft. 
long  transmit  when  the  initial  pressure  is 
100  lb.  and  the  pressure  loss  5  lb.? 

The  formula  to  be  used  is  {11). 

In  Table  I  is  found  »;  =  325  for  a  2-in.  pipe. 


Ill';  I'l.ow  <»i'  s'ri:.\M  'niRoic!!  i'ii'i-;s 


S(»7 


111  '\\\\^\v  II    is    fdund   (/>/>)'^=  l.OlM  wluMi 
/>,  =  101)  and  /)  =  ."). 

Siiu-o  /.=  100.  !-'■'=  10. 
Suhslilutiii^j  llicso  xalui's  in  (//), 


,r=...x '■;-  =  :.,,; 


pii"  nun. 


Example   2 

What  si/A'  i)ii)i.'  is  reciuircd  to  transmit 
1000  lb.  of  steam  per  min.  200  ft.  at  7  lb. 
drop,  the  initial  pressure  beinj;  12.")  Ib.r 

Use  formula  {l~i). 


Keferrin^;  In  Tabic  II,  it  ajipcars  that  at 
100  lb.  initial  jiressure,  and  hclween  -I  and 
.")  lb.  ])re.ssure  lo.ss,  the  pipe  will  do  the  work. 
Also,  if  the  initial  jiressure  is  raised  to  I2.'>  lb. 
I  he  ])ressure  loss  will  be  between  .'{  and  I  lb. 

Example  4 

(liven  the  conditions  shown  in  Fij(.  1,  what 
size  jj'pes  shall  be  uscdr  Assume  the  pressure 
loss  to  be  aijproximately  proportional  to  the 
lenfjlh.  and  the  pressure  loss  to  C,  1.")  lb. 

For  section  AB,  let  p  =  7.'). 


H 756  fd. 


■650ft: 

— ►— 


W'^llO 


r 

then, 


r=  1(101),    /,'-=14.4,    and    since    /?,=  12."). 

0.71 


From  Table  III  is  found  (    ^j 


m  =  1000  X  14.4X0.71  =  10,224. 

Referring  to  Table  I,  it  is  seen  that  an  S-in. 
pipe  for  which  m  =  l.'i.OOO  is  the  nearest  larger 


Example  3 

A  (i-in.  steam  main  1.50  ft.  long  is  to  have 
the  initial  pressure  adjusted  so  that  the  line 
will  transmit  .500  lb.  of  steam  per  min.  What 
must  the  initial  pressure  be  if  the  pressure 
drop  is  not  to  exceed  5  lb.? 

Use  formula  {13). 


then, 


ir  =  .50O,  )«  =  62(i0,  L'-  =  12.2.5 


ipi^r^=i^^^^^-=^-^'>^ 


Then,  bv  formula  (7.5'),  and  Table  III, 
(to  get  \  dVz  use  />=  1)  w=  1. 5(50 X 27.-5 X 0.69 
=  29,600. 

By  Table  I  this  value  indicates  an  11-in. 
pipe.  Assume  that  a  10-in.  pipe,  for  which 
»H=  24.4.50,  can  be  obtained.  Then,  by 
formula  (15)  and  Table  III, 

whence 

/)=  11.09  (assume  11.0). 

The  pressure  at  B  is  therefore  12.5  —11  =  114 
lb. 

Then  for  section  BC  we  have  p  =  1  o  —  1 1  = 
4.0.  and  pi  =114,  and.  by  formula  (1.3)  and 
Table  III,  interpolating, 

»i  =  S.50X2.5..5X0.97  =  21.024. 

By  Table  I,  this  value  indicates  a  10-in. 
pipe  which  will  give  slightly  more  than  1 10-lb. 
pressure  at  C. 

The  pipe  will  therefore  be  lO-in.  through- 
out. 
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A  Practical  Brake  Horse  Po^ver  Formula  for 
Internal  Combustion  Engines 

By  Hermann  Lemp 

Engineer  Erie  Works,  General  Electric  Company 

From  the  old  familiar  formula  Pi/1  iV-H33, 000  =  indicated  horse  power,  the  author  derives  a  remarkably 
simple  and  practical  formula  for  the  brake  horse  power  of  internal  combustion  engines.  This  formula  is 
particularly  convenient  in  that  all  its  numerical  coefficients  have  been  combined  into  the  single  round 
number  1,000,000.  An  especially  useful  form  of  the  formula  is  the  one  which  shows  to  be  constant  the  ratio 
of  brake  horse  power  to  the  product  of  the  mean  effective  pressure  and  mechanical  efficiency. — Editor. 

electric  generator,  whose  efficiency  curve  is 
known.  Furthermore,  the  stroke  of  such  an 
engine  is  usually  expressed  in  inches. 

To  suit  these  conditions  the  special  formula 
described  above  has  been  derived  from  the 
well-known  horse  power  formula: 

P  L  an 

=  IHP,  which  gives  the   indicated 

horse  power  of  a  single  cylinder, 
double-acting  engine. 
in  which  P  stands  for  the  mean  effective 
pressure  in  lb.  per  sq.  in.  of 
piston  area,  usuallv  termed 
MEP. 
L  stands   for   the   length    of   piston 

stroke  expressed  in  feet. 
a  stands  for  the  area  of  piston  ex- 
pressed in  square  inches. 
n  stands  for  the  number  of  strokes 
(2  X  revolution)  per  minute. 
33,000  stands  for  the  ft-lb.  per  minute 
contained  in  one  horse  power. 

To  adapt  this  formula  to  the  brake  horse 
power  of  a  multi-cylinder  engine  of  the  four- 
stroke  cycle,  single-acting  type,  the  formula 
becomes ; 


Early  in  1905  the  writer  developed  a  simple 
formula  specially  suited  for  automobile  motors 
or  stationary  electric  lighting  sets,  of  the 
multi-cylinder  type,  which  during  these  many 
years  has  proven  itself  to  be  practical,  as  it 
affords  a  simple  means  for  comparing  the 
efficiency  of  motors  of  different  build,  whose 
piston  diameter  and  stroke,  speed  and  brake 
horse  power  are  given. 

This  formula  reads : 

For  a  single-acting  multi-cylinder  engine  of 
the  four-stroke  cycle  type ; 

sXd^XnXNXMP  ^ 

1,000,000  '■ 

For  a  single-acting  multi-c^dinder  engine  of 
the  two-stroke  cycle  type ; 

sXd-X2XnXNXMP 


in  which 


=  BHP  (2) 

piston  ill 


1,000,000 
5  stands  for  stroke  of 

inches. 
d  stands  for  diameter  of  piston  in 

inches. 
n  stands   for   number   of   revolu- 
tions per  minute. 
A^  stands   for   number   of   pistons 
(not  cylinders*). 
MP  stands  for  mean  effective  pres- 
sure (MEP)  in  lb.  per  sq.  in. 
of  piston  area  multiplied  by 
mechanical  efficiency. 
For  a  double-acting  engine,  formula  (1)  and 
(2)  should  be  multiplied  by  2. 

The  preponderant  number  of  internal  com- 
bustion engines  are  single-acting,  of  multiple 
cylinder  type,  and  work  on  the  four-stroke 
cycle.  They  are  mostly  used  in  autom.obiles, 
motor  boats,  airplanes  and  stationary  lighting 
sets,  and  are  usually  of  a  speed  so  high  that 
the  taking  of  indicator  diagrams  is  not  practi- 
cal, while  on  the  other  hand  the  brake  horse 
power  outputs  are  easily  ascertained  by  a  cra- 
dle dynamometer,  a  Prony  brake,  or  a  plain 

*  Number  of  pistons,  and  not  number  of  cylinders,  because 
with  the  opposed  piston  type  of  engines,  two  pistons  may  be 
traveling  at  the  same  time  in  the  same  cylinder. 


P  LanXNXM _ 
33,000X2 


■BHP 


where  M  stands  for  mechanical  efficiency. 
N  stands  for  number  of  pistons. 
n  stands  for  number  of  revolutions. 

Since  in  a  four-stroke  cycle  an  active  stroke 
occurs  only  every  other  revolution,  the  for- 
mula was  divided  by  2,  or  further  expanded 
becomes : 


PX  j^Xrf^^XwXAXAf 


=  BHP 


33,000X2 

The   formula   may   now   be   simplified   by 
writing  all  constant  factors  together,  followed 
by  variables,  thus  we  have: 
3.14 


4xl2x33,000x 


r,XsXd-XnXNxMP  =  BHP 


KKAKi-:  iioksi':  row 


I'dkMlI.A  I'dk  IXTlCkXAL  (OMUUSTION  HNCIINICS       so'.i 


Tlu-  first  i);irt  of  llu'  lOrinula  may  now  he 
sol\(.'il  ami  r(.'i)lac-oil  1)\"  .  „„„  .,.„    or    for    all 


1,008,403 


:  and  we  Ihon  have 


practical  ,.un.oses--,^,,,^,,j, 

the  final  formula  (1)  shown  at  the  head  of 
this  article. 

sXiPXnXXxMP 


l.UUU.UOU 


■  =  BHP 


(1) 


The  fact  that  the  quotient  of  the  constant 

'■^'^"'"'■=^i,00cs,403''''^^'"  ''''^'^'''"^  ^^'  i.ooi.ooo 

])roduces  an  error  of  less  than  nine  tenths  of 
one  per  cent  had  been  discovered  accidentally 
by  the  writer  at  the  time  this  formula  was 
develo])ed,  and  il  is  this  feature  which  renders 
the  formula  particularlv  useful. 


site  which  havinj^  ])laced  1  on  scale  (',  one 
will  find  opposite  22. it  on  scale  I)  an  MP  <il 
IJd.a  on  scale  C.     See  Fi^-  1  ■ 

This  MP  (accurately  (i4)  is  based  on  SO 
MEP.  with  a  mechanical  efficiency  of  SU 
])er  cent  which  with  a  comjjression  of  (iO  lb. 
is  reasonable  to  exjject  in  a  normally  desi^netl 
engine. 

With  slide  rule  set  as  above,  the  respective 
values  of  MP  and  BHP  can  be  varied  at  will, 
since  their  relation  remains  constant. 

The  writer  wishes  to  lay  particular  stress 
on  the  value  of  MP  as  a  characteristic  value 
whereby  to  compare  engines.  We  find  this 
value  in  recent  works  and  technical  papers 
expressed  as  mean  effective  pressure  per  b.h.p. 
or  brake  mean  effective  pressure. 

The  writer  has  already  recommended  that 
mean  pressure  or  its  symbol   MP  should  be 


Fig    1.     niustrating  the  Application  of  the  Formula  to  a  Concrete  Case  by  Use  of  the  Slide  Rule 

We  may  now  write  the  formula  in  the 
following  form: 

sXd'^XfiXN     BHP 
1,000,000    "  MP 
showing  that  the  relation  between  BHP  and 
MP  remains  fixed  for  any  set  of  conditions. 

The  slide  rule  is  extremely  useful  for  solving 
for  either  BHP  or  MP,  by  multiplying  sXd- 
XnXN  and  setting  1  on  scale  C  over  the 
product,  when  by  means  of  the  rider  either 
MP  may  be  read  ofT  on  scale  C  or  BHP  on 
scale  D. 

This  is  best  illustrated  by  a  concrete 
example : 

A  four-cylinder,  four-stroke  cycle  engine  of 
o-in.  bore,  (i-in.  stroke  delivers  at  600  r.p.m., 
22.9  b.h.p.     What  is  its  MPf 

fiX5X5X600X4XMP=22.9  BHP. 

Multiplying  GX5X 5X000X4  on  the  slide 
rule  brings  the  rider  to  36  on  scale  D,  oppo- 


adopted  for  this  value  and  this  figure  is  being 
used  m.ore  frequently.  A  high  MP  is  an  in- 
dication that  both  the  indicated  horse  power 
for  a  given  displacement  is  high  and  the  in- 
ternal friction  is  low,  hence  a  large  brake 
horse  power  is  developed. 

To  illustrate: 

Diesel  engines  have  a  very  high  mean 
effective  pressure  owing  to  a  high  thermal 
efficiency,  but  the  mechanical  efficiencv  is 
relatively  low  as  compared  with  automobile 
engines  of  the  constant  volume  type.  For 
this  reason  the  MP  is  only  slightly  larger 
than  that  of  an  engine  of  the  constant  volume 
type.     An  MP  of  from  70  to  84  is  the  average. 

On  the  other  hand,  we  have  quite  a  number 
of  aviation  engines  of  the  constant  volume 
type  which  have  an  MP  as  high  as  100  and 
105.  This  is  due  to  the  high  thermal  effi- 
ciency combined  with  a  high  mechanical 
efficiencv. 


810     October,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  10 


IN  MEMORIAM 


John  Burnham  Pevear,  for  many  years 
District  Manager  of  the  Cincinnati  Office  of 
the  General  Electric  Company,  after  several 
months'  illness,  died  at  Braintree,  Mass.,  on 


John  B.   Pevear 


Monday,  June  30,  1919.  He  was  born  on 
December  20,  1S67,  at  Lynn,  Mass.,  where  he 
received  his  early  education.  His  first  elec- 
trical experience  was  gained  in  1890,  when  he 
entered  the  employ  of  the  Thomson-Houston 
Electric  Company  as  a  member  of  their 
construction  force  in  charge  of  the  electrical 
equipment  of  the  West  End  Railway  Com- 
pany, Boston,  Mass.  In  1893  he  was  trans- 
ferred to  the  Supply  Department  of  the 
General  Electric  Company's  Cincinnati  Office 
where  he  was  advanced  from  time  to  time 
until  on  June  17,  1902,  he  became  District 
Manager.  He  held  this  position  until  Feb- 
ruary 28,  1915,  when  he  retired  from  active 
business,  making  his  home  at  Brookline, 
Mass.,  until  about  nine  months  previous  to 
his  death,  when  he  purchased  a  country 
residence  at  Braintree,  Mass. 

Mr.  Pevear  was  a  son  of  the  late  Henry  A. 
Pevear,  a  noted  philanthropist,  and  the  first 
president  of  the  Thomson-Houston  Electric 
Company  after  it  was  located  in  Lynn,  Mass. 

In  1893  Mr.  Pevear  was  married  to  Miss 
Marie  E.  Walker,  of  Boston,  by  whom  he  is 
survived.  There  are  no  children,  but  two 
brothers  also  survive,  Frederick  and  William 
Pevear,  both  of  Lynn,  Mass. 
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DYKE'S   AUTOMOBILE   ENCYCLOPEDIA 

TENTH   EDITION 

960   Pages,   giiXlO,   3360   Illustrations,   $5.00 

Publisher,  A.  L.  Dyke,  St.  Louis,  Mo. 

To  any  automobile  owner  who  is  in  any  way  in- 
terested in  the  construction,  operation,  and  care  of 
his  car  we  recommend  this  book.  It  is  better  than  a 
manufacturer's  instruction  book,  because  it  does  not 
cover  only  a  single  make  of  car,  but  virtually  all 
makes  of  cars.  It  is  difficult  to  think  of  any  feature 
or  part  of  an  automobile  that  is  not  fully  described 
and  illustrated  in  a  manner  that  can  be  readily  un- 
derstood by  the  average  car  owner.  As  a  single  in- 
stance, we  have  in  mind  the  electrical  equipment, 
including  the  ignition,  lighting,  and  starting  sys- 
tems, which  are  the  most  difficult  parts  of  the  auto- 
mobile for  the  layman  to  understand.  Trouble  here 
will  more  often  "stump"  the  repair  man  than  any 
other  trouble  to  which  the  ordinary  automobile  is 
subject,  yet  a  careful  reading  of  the  electrical  section 
of  Dyke's  Encyclopedia  should  make  it  an  easy 
matter  for  the  garage  man  to  diagnose  and  remedy 
the   usual   electrical    troubles,    and   give   the   auto- 


mobile owner  a  sufficient  knowledge  of  the  principles 
and  construction  of  the  electrical  system  to  enable 
him  to  eflfect  minor  adjustments  and  repairs  on  the 
road.  This  section  alone  comprises  -300  pages  and 
more  than  1000  illustrations.  The  illustrations  are 
the  outstanding  feature  of  the  book;  they  have  been 
prepared  with  the  greatest  care,  and  all  important 
parts  are  clearly  labeled,  with  cross  references  be- 
tween them  and  the  text. 

We  are  unable  in  the  space  available  to  give  a  list 
of  the  subjects  which  are  described  and  illustrated 
in  the  minutest  detail,  but  briefly  the  book  is  divided 
into  the  following  sections: 


Assembly  of  a  car 
Engines 
Carburetion 
Cooling  and  lubrication 
Ignition — coil  and  bat- 
tery 
Ignition — magneto 
Electric  systems 
Storage  batteries 
Operation,  care,  etc. 


License,  laws  and  sales- 
manship 

Tires 

Troubles 

Repairs  and  adjust- 
ments 

Trucks  and  tractors 

Ford  and  Packard  sup- 
plements 

Airplane  supplement 
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In  this  issue  of  the  Review  we  conclude  our 
series  of  articles  on  the  War  Work  of  the 
General  Electric  Company,  which  will  have 
shown  our  readers  how  thoroujjhly  the 
resources  of  the  Company  were  devoted  to 
Iwlping  the  National  cause.  The  bulk  of  this 
issue  is,  however,  devoted  to  a  special  collec- 
tion of  articles  on  Power  and  Transmission 
which  will  emphasize  the  fact  that,  although 
the  armistice  was  signed  only  a  year  ago,  those 
who  were  so  ardently  working  for  the  great 
cause  have  lost  no  time  in  turning  their  atten- 
tion to  the  cause  t)f  peace. 

In  many  respects  the  articles  in  this  issue 
form  a  remarkable  collection;  they  show  the 
magnitude  of  some  of  the  tasks  that  confront 
the  engineer  of  today.  It  was  only  a  few  years 
ago  that  the  engineer  was  puzzling  over 
armature  connections  and  what  today  would 
appear  as  simple  electric  circuits.  At  the 
present  he  is  studying  electric  circuits  which 
embrace  a  host  of  towns,  many  counties,  and 
in  some  instances  a  number  of  states. 

It  was  onh'  a  few  years  ago  that  we  pointed 
with  pride  to  some  of  our  large  power  houses 
and  talked  of  their  "enormous"  capacity  and 
told  of  the  load  they  were  carrying,  the 
number  of  lights  they  were  supplying,  the 
street  railways  they  were  operating,  and  then, 
later,  of  the  power  load  that  was  being  added. 

A  later  development  was  tying  some  of 
these  stations  together  in  a  single  town,  but 
now,  as  it  is  told  in  some  of  our  articles,  many 
towns  are  tied  together.  In  building  up  such 
interconnected  systems  many  stations  can  be 
eliminated.  In  Mr.  Hunt's  article  an  instance 
is  cited  where  as  many  as  121  plants  were 
abandoned.  Now  hydraulic  power  sources 
have  been  connected  up  with  steam  power 
houses  and  the  network  of  transmission  lines 
span  many  states.  Enormous  economies  have 
been  secured  in  this  way.  The  movement  on 
foot  now  is  to  tie  these  systems  themselves 
together  until  it  looks  as  if  the  future  will  see 


whole  countries  serx'ed  by  comprehensive, 
carefully  planned  systems  of  transmission 
lines.  The  control  of  such  large  powers 
presents  peculiarly  difficult  problems,  many 
of  which  are  dealt  with  in  this  issue. 

We  shall  leave  the  reader  to  learn  of  these 
developments  from  the  articles  themselves  as 
we  wish  to  point  out  that  there  is  a  perfectly 
definite  reason  for  these  developments  and 
that,  as  in  previous  periods  of  our  history,  it  is 
the  engineer  who  has  realized  the  situation 
and  is  working  to  meet  it. 

We  have  heard  a  great  deal  of  the  conser\''a- 
tion  of  fuel,  and,  indeed,  a  series  of  articles  is 
still  appearing  in  our  columns  on  this  impor- 
tant subject.  Coal,  water  and  oil  are  our 
chief  sources  of  energy,  and  water  is  fast 
becoming  of  paramount  importance,  but  we 
are  interested  only  in  our  fuel  resources  as  a 
means  of  getting  energy,  and  one  of  the  chief 
considerations  that  concerns  us  is  how  to  get 
the  energy  from  its  source  to  the  place  where 
we  want  to  use  it.  This  is  just  why  electric 
transmission  lines  are  to  play  such  an  impor- 
tant part  in  our  future  welfare. 

With  an  electric  transmission  line  the  con- 
version of  the  chemical  energy  in  coal  or  oil, 
or  the  mechanical  energy  of  falling  water,  can 
be  carried  out  at  the  source  and  the  electrical 
energy  can  be  transmitted  to  the  actual  place 
of  use.  It  can  be  taken  into  the  factory, 
street  or  home  and  there  converted  into  heat, 
light  and  mechanical  energy-  as  the  case  may 
be.  What  is  of  still  greater  importance  is  that 
this  form  of  energy  is  under  the  most  wonder- 
fully perfect  control.  It  is  available  day  and 
night.  The  closing  of  one  switch  may  start 
a  huge  motor  in  a  steel  mill,  the  closing  of 
another  switch  may  light  a  city  street  with  arc 
lamps,  and  the  closing  of  a  third  may  heat 
the  baby's  milk  in  a  nursery.  There  is  no 
other  form  of  energy  that  can  be  used  so  con- 
veniently as  electrical  energy.  There  is  no 
other  known  form  of  energy'  that  can  be  so 
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economically  derived  from  so  man}'  other 
form.s  of  energy,  transmitted  over  great 
distances  and  then  converted  to  the  form  of 
energy  required  at  the  spot  where  it  is  wanted. 
There  is  no  other  form  of  energy  that  can  be 
handled  with  so  little  labor. 

So  the  m.ain  purpose  of  our  great  trans- 
mission systems  is  to  provide  energy  wherever 
it  is  needed.  This  has  been  done  so  success- 
fully in  the  past  by  electricity  that  its  use  is 
extending  all  the  time  and  we  are  daily  becom- 
ing more  dependent  upon  it. 

If  future  progress  can  be  judged  by  the  past 
we  shall  soon  be  absolutely  dependent  upon 
our  transmission  system.s  for  our  supply  of 
energy  in  the  factory  and  in  our  homes.  It  is 
a  recognition  of  this  that  is  causing  the 
engineer  to  take  such  pains  to  devise  appa- 
ratus that  will  assure  continuity  of  service. 

With  all  our  enthusiasm  for  our  work  and 
our  pride  in  our  accomplishments,  we  must 
remember  that  with  the  growth  of  civiHzation 
and  industrialism  man  has  made  the  children 
of  his  own  creation  the  master  of  his  destinies. 
Should  m_achines  of  his  own  m_aking  suddenly 
fail  a  large  percentage  of  the  population  would 
perish.  The  more  civilized  the  area,  the 
greater  would  be  the  percentage  to  die. 
Imagine  all  transportation  facilities  to  New 
York,  London,  Paris  and  som.e  small  town  in 
the  West  to  fail  suddenly.  The  loss  in  the 
large  cities  would  be  appalHng,  while  the 
inhabitants  of  the  smaller  communities  m.ight 
suffer  more  from  inconvenience  than  from 
actual   lack   of   necessities. 

The  further  we  progress  the  more  intensi- 
fied will  these  conditions  become  and  larger 
will  be  the  percentage  of  people  who  will 
becom.e  absolutely  dependent  on  man-made 
devices  for  the  necessities  of  life.  This  is 
serious  but  inevitable.  There  is  no  chance  so 
far  as  the  human  mind  can  see  of  altering  this 
condition  of  affairs.  Man  must  become  more 
and  m-ore  dependent  for  his  everyday  neces- 
sities on  the  work  of  man.  Machines  have 
civihzed  the  world  and  on  machines  men  must 
depend.  Of  course  the  seriousness  of  this 
depends  on  how  well  man-made  machines  are 
made  and  how  well  they  are  operated.  Past 
experience  has  shown  that  man  has  m.ade  good 
machines  and  that  they  have  been  operated 
with  an  extraordinary  degree  of  success,  and 
both  past  and  present  conditions  would 
indicate  that  the  engineer  is  thoroughly  aware 
of  the  extreme  importance  of  making  develop- 
ments to  keep  pace  with  the  requirem.ents  or 
of  even  setting  the  pace. 


Every  m_achine  built  requires  energy  to 
operate  it.  The  least  important  may  be 
operated  by  hum.an  energy  or  some  small 
energy  storing  device  such  as  a  spring,  but 
the  more  important  machines  must  depend  for 
their  supply  of  energy  upon  some  rem_ote 
source — the  coal  mine  or  the  waterfall. 

We  feel  that  the  series  of  articles  in  this 
issue  show  how  thoroughly  the  electrical 
engineer  is  awake  to  the  importance  of  his 
work,  and  how  hard  he  is  working  to  perfect 
his  part  of  the  great  plan  of  modern  life. 
We  sometimes  wonder  whether  the  mechanical 
engineer  is  as  fully  alive  to  the  importance  of 
m_aking  his  machines  as  efficient  as  they  might 
be  made  by  applying  the  same  methods  of 
research  to  their  production  as  the  electrical 
engineer  has  applied  in  bringing  electrical 
apparatus  up  to  its  present  wonderful  state  of 
efficiency. 

It  is  interesting  to  contemplate  what 
machines  are  doing  today  and  still  more 
interesting  to  think  of  what  they  may  be 
made  to  do  in  the  future.  The  steam  engine 
is  still  in  its  infancy — and  the  results  that  may 
be  achieved  in  mechanical  science  are  just  as 
far  reaching  as  those  we  are  so  constantly 
hearing  of  in  the  realms  of  physics.  There  is 
just  as  much  need  for  research  in  mechanics 
as  there  is  in  other  sciences  and  we  expect  to 
see  many  new  developments  when  the  same 
methods  of  research  are  applied.  The  higher 
cost  of  labor  demands  that  more  work  be  done 
by  machines  and  also  that  machines  be  made 
more  efficient. 

If  we  are  to  rely  on  machines  and  on  electri- 
cal energy  more  each  year  for  the  necessities 
of  Hfe,  we  must  make  our  machines  as  effi- 
cient as  it  is  possible  to  make  them,  and  further, 
we  mtist  guard  ourselves  by  providing  assur- 
ances that  they  will  be  operated  for  the  good 
of  the   communities  they  serve.      Operators 
must  be  made  to  understand  that  they  are 
public  servants  and  that  any  interference  with 
service  for  selfish  reasons  is  a  crime  against 
the  community.    The  more  we  do  by  machines 
the  greater  responsibility  we  are  placing  in  the 
hands  of  those  who  are  responsible  for  the 
operation  of  our  transmission  systems,  because 
after  all,  machines  are  but  machines,  and  we 
must   still  depend  upon   our  fellow  man  to 
operate  them.    Kipling,  in  the  "Secret  of  the 
Machines,"  tells  this  part  of  the  story  well— 
"But  remember,  please,  the  Law  by  which  we  live. 
We  are  not  built  to  comprehend  a  lie, 
We  can  neither  love,  nor  pity,  nor  forgive,     ^^ 
If  vou  make  a  slip  in  handling  us  vou  die!' 
J.  R.  H. 
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Some  Fundamentals  of  Engineering  Economics 

By  D.  B.  RusHMORE 
Chief  Engineer,  Power  and  Mining  Engineering  Department,  General  Electric  Company 

For  the  ordinary  comforts  and  luxuries,  attainable  today,  many  of  which  we  have  come  to  look  upon  as 
necessities,  we  are  indebted,  in  part,  to  the  discovery  that  man  can  enhance  his  own  productiveness  many  fold 
by  substituting  mechanical  power  for  his  own  labor,  and  in  part  to  the  wonderful  discoveries  and  inventions 
which  have  made  available  nature's  vast  stores  of  energy  for  this  purpose.  The  author  sketches  the  evolution  of 
the  present  industrial  era,  and  draws  attention  to  the  dependence  of  our  prosperity  upon  an  ever  increasing  use 
of  power  as  a  substitute  for  human  toil.  That  research  and  invention  should  be  encouraged  is  emphasized  as  a 
condition  precedent  to  our  continued  development  along  the  lines  of  material  betterment  Mention  is  made  of 
the  more  important  problems  resulting  from  our  present  use  of  electric  energy  in  the  industries,  and  a  plea  is  en- 
tered for  a  greater  measure  of  co-operation  between  manufacturers  and  users  of  electrical  apparatus  in  their 
solution  — Editor. 


Every  age  has  problems  peculiar  to  itself, 
and  history  is  a  record  of  the  continuous 
evolution  incident  to  their  solution.  The  laws 
of  nature  are  immutable  and  we  prosper  as 
we  recognize  and  work  in  accordance  with 
them  or  suffer  as  we  run  counter.  The  method 
of  attacking  any  problem  is  first  to  collect  the 
facts  and  then  carefully  and  intelligently  to 
analyze  the  principles  and  natural  laws  which 
are  involved.  The  deductions  therefrom  are 
applied  with  judgm.ent  to  the  modified  con- 
ditions of  a  new  problem. 

What  are  then  the  important  problems  and 
difficulties  of  the  present  time?  Primarily 
there  is  a  dem.and  for  a  life  containing  more 
happiness.  The  individual  wants,  am_ongst 
other  things,  m.ore  to  say  regarding  his  own 
destiny,  more  opportunity  for  self-expression 
and  the  satisfaction  derived  from  useful 
achievements,  and,  incidentally,  m„ ore  of  what 
we  call  wealth,  that  which  contributes  to  the 
satisfaction  and  pleasures  of  m.ankind,  and 
that  for  which  man  will  give  his  work  in  ex- 
change. 

No  political  or  industrial  democracy  can  be 
founded  with  safety  on  anything  but  the  in- 
telligence and  character  of  the  people  who 
compose  it,  and  among  these  mental  posses- 
sions must  be  included  a  knowledge  of  funda- 
mental economics.  From  this  standpoint, 
what  claims  have  we  for  membership  in  such 
an  organization  and  what  in  this  direction  are 
we  doing  to  prepare  ourselves  or  others  for  the 
responsibilities  connected  therewith  ? 

We  must  understand,  and  work  in  ac- 
cordance with,  the  laws  of  nature  and  of 
economics,  or  suffer  accordingly.  At  the  pres- 
ent time  many.  Of  us  are  stiffering;  we  do  not 
want  to;  we  do  not  clearly  understand  why  we 
are.  We  are  trying  to  strive  intelligently  and 
energetically  to  remove  the  difficulties  and 
to  find  a  solution  to  the  problem. 

Never  before  in  our  history  have  such 
great  things  been  involved  in  world  problems,  . 


and  never  before  has  there  been  such  neces- 
sity for  clear  and  correct  thinking.  On  being 
right  in  our  conclusions  will  depend  the  happi- 
ness of  many  hundreds  of  millions  of  human 
beings. 

We  can  here  treat  of  but  one  phase  of  this 
situation — the  increased  production  of  wealth 
in  order  that  the  amount  per  capita  may  be 
sufficient. 

Wealth,  the  commodities  which  satisfy  the 
demands  of  life  for  food,  shelter,  clothing, 
heat,  light,  etc.,  is  produced  in  certain 
amounts  each  year  and  only  the  amotmt  ac- 
tually produced  is  available  for  distribution. 
What,  then,  are  the  elements  involved  in  the 
production  of  wealth  and  how  can  these  be  so 
modified  as  to  increase  the  output? 

For  our  present  purposes  all  wealth  may  be 
said  to  be  created  by  operations  comparable 
to  those  of  a  manufacturing  company.  The 
raw  materials  of  nature,  of  the  animal, 
vegetable,  or  mineral  kingdoms  found  in  the 
earth,  water,  or  air  are  converted  into  finished 
products  for  ultimate  consumption  by  various 
manufacturing  processes  which  involve, 
among  other  things,  power  driven  machinery, 
energy  in  various  forms,  and  labor.  Labor,  on 
careful  analysis,  is  a  combination  of  power  and 
intelligence — two  factors  which  where  possible 
should  be,  and  often  are,  separated — man 
supplying  the  intelligence,  nature  the  power. 
The  elemental  raw  materials  have  existed  in 
fixed  quantities  and  locations  since  the  coming 
of  man.  Civilization  has  continuously  im- 
proved, and  the  material  condition  of  the 
world  has  generally  been  one  of  steady  ad- 
vancem.ent.  In  part,  the  explanation  is  found 
in  the  influence  of  invention  and  discoveries, 
and  in  part  in  the  utilization  of  large  sources 
of  energy  which  are  available  as  a  substitute 
for  the  physical  work  of  man. 

The  development  of  articulate  speech,  the 
discovery  of  fire,  the  invention  of  the  bow 
and    arrow,    the   domestication   of   animals. 
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ami  the  (lisct)very  of  iiK-lhods  for  preparinj^ 
and  workiiij^  iron,  all  mark  eras  of  projjress  in 
tlu'  upward  march  o(  mankind.  So  also  arc 
distinrl  adxanccs  marked  by  the  invention  of 
wrilinv^,  of  j;unpo\vder,  of  the  compass,  of 
paper  and  the  printing  press.  At  last  came 
the  steam  engine  and  the  great  era  of  in- 
dustrial de\-eloi)ment  during  which  man  began 
to  use  the  forces  of  nature  for  his  own  pur- 
poses. Since  then  inventions  have  become  too 
numerous  to  mention.  Formerly  man  con- 
sumed as  power  only  the  energy  which  he  per- 
sonally produced.  Then  the  wild  animals 
were  domesticated,  and.  especially  for  trans- 
portation purposes,  served  as  prime  mov'ers 
for  power  purposes — thermodynamically  the 
most  efficient  ever  developed.  Energy  from 
the  earth's  rotation  and  from  the  sun,  the  lat- 
ter found  in  many  forms  and  places,  wood, 
coal,  oil,  gas  and  water  power,  utilized  in 
machines  of  man's  invention,  is  the  basis  of 
our  present  industrial  activity.  The  material 
status  of  a  civilization  may,  therefore,  be 
judged  by  the  energy  consumption  per  capita. 
The  whole  age  is  denoted  by,  and  is  dependent 
upon  the  increased  use  of  power  in  the  various 
economic  activities.  No  reiteration  of  such 
fundamental  facts  can  properly  be  called 
trite.  They  constitute  the  basis  of  a  policy  for 
future  plans. 

The  cost  of  most  finished  products  is,  in  a 
very  large  measure,  made  up  of  the  wages  paid 
to  labor.  If  we  take  the  various  costs  in- 
volved in  making  a  finished  razor  blade  from 
the  iron  ore  lying  in  the  ground  we  shall  find 
that  labor,  directly  or  indirectly,  has  received 
by  far  the  largest  part  of  the  expenditure. 
This  being  true,  a  change  in  wages  or  in  the 
return  paid  to  labor  is  reflected  almost  di- 
rectly in  the  cost  of  the  product,  and,  therefore, 
increasing  wages  mean  necessarily  increasing 
prices  and  the  "vicious  circle"  is  in  full  opera- 
tion. 

At  the  present  moment  the  high  cost  of  liv- 
ing is  one  of  the  most  important  problems  in 
the  world.  People  of  all  classes  are  beginning 
to  understand  that  merely  raising  wages  is 
not  a  solution.  The  world  is  short  of  com- 
modities. What  we  need  is  increased  pro- 
duction, increased  efficiency  in  production, 
and  a  decreased  labor  cost  per  unit  of  output. 
This  only  will  solve  the  problem.  High 
wages  and  low  labor  cost  per  unit  are  not  by 
any  m.eans  incompatible,  but  all  restrictions 
on  production  rrust  be  removed,  all  possible 
increases  in  the  efficiency  of  production  must 
be  attained  and  also,  at  a  time  like  this, 
I  very     possible     individual     and     collective 


economy  in  consumption  should  be  practiced. 
Only  along  these  lines  of  sound  economics  can 
the  serious  jiroblcm  of  high  livinn  costs  be 

solved. 

Now  what  is  our  object'  In  part,  at 
least,  to  produce  in  this  country  and  in  the 
world  more  wealth  so  that  we  may  all  have 
more  of  those  things  which  are  necessary  for 
life.  More  production,  that  is  the  thing  of 
first  importance.  Without  greater  labor  and 
more  hours  it  means  more  research,  more  dis- 
covery and  invention,  more  labor  saving  and 
automatic  machinery,  more  utilization  of  the 
materials  and  forces  of  nature  for  the  purposes 
of  man.  in  fact,  more  engineering.  From  the 
age  of  human  labor  we  come,  through  the  sub- 
stitution of  power  driven  machiner>-  for  physi- 
cal effort,  to  the  greatest  of  present  and  future 
economic  needs,  an  available  supply  of  energy 
in  large  quantities  and  at  a  minimum  cost. 
On  this  our  present  civilization,  and  still  more 
the  hope  of  a  better  future,  absolutely  depends. 

In  treating  the  economic  question  from  its 
industrial  aspect,  the  question  of  power  sup- 
ply is  of  paramount  importance.  Power  sup- 
oly  at  present  is  derived  from  a  limited  num- 
ber of  sources  of  energy — coal.  oil.  gas,  and 
water  power.  Our  coal  deposits  are  limited  in 
quantity  and  when  once  used  are  not  replace- 
able. The  same  holds  true  of  oil  and  gas. 
But  the  wonderful  source  of  energy  known  as 
water  power  is  only  wasted  when  it  is  not 
used,  and  is  being  continuously  renewed. 
The  pressing  demands  of  the  present,  and 
ordinary  precautions  of  preparedness  for  the 
future,  urgently  demand  the  development  of 
all  water  powers  up  to  the  limit  of  commercial 
feasibility.  The  nation  needs  these  as  it  needs 
no  other  natural  asset  and  the  public  is 
rapidly  coming  to  understand  and  appreciate 
the  vital  importance  of  this  situation.  The 
millions  of  dollars  of  energy  which  are  an- 
nually wasted  in  this  country  at  such  places 
as  Niagara  Falls  and  elsewhere  by  the  non- 
utilization  of  water  power  constitute  an  eco- 
nomic crime  of  the  first  magnitude.  That  all 
parties  interested  in  the  development  of  such 
water  power  should  be  properly  safe-guarded 
and  protected  is  admitted  by  all. 

The  development  of  water  powers  must 
follow  all  of  the  economic  laws  in  which 
labor,  capital  investment,  and  competitive 
sources  and  methods  are  involved.  England 
and  other  countries  of  Europe  on  which  the 
economic  pressure  has  been  greatly  increased 
of  late  are  directing  their  attention  forcibly  to 
the  importance  of  this  subject  of  water  power 
developm.ent.   and  from  an  economic  stand- 


S22     November,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  II 


S  «  ii  ^  f  <£ 
*  m  »*  p-  o  ff» 


soMi'  i'r\i)AMi:\r.\i.s  oi'  i-xcixi'ickixc;  I'Icoxomics 


S23 


imint  tluii'  is  nolhiii),'  in  the  wliole  world  of 
j;tv;iUT  iiiiiiorlanco  to  its  inhaliitaiils.  'ruhU'  1 
j^ives  iinporlaiU  data  concorninj^  tlie  water 
power  of  North  America  and  ICurope,  and 
Table  II  shows  the  horse  jjower  used  by  the 
leading  inaniifaeturinj;  industries  in  the 
United  States.  These  tables  show  very  forci- 
bly what  a  tremendous  taetor  power  has  be- 
come in  our  modern  civilization.  Pip.  1  is  of 
special  interest  as  it  shows  the  distribution  of 
h\-draulic  jiower  sources  in  our  own  country. 
The  location  of  an  industry  is  a  matter  of 
j^reat  importance  and  not  only  present,  but 
future  conditions  of  labor,  transportation, 
manufacturing  facilities,  and  power  supply 
must  be  considered.  In  general,  the  most 
economical  site  for  a  water  power  development 
is  not  always  that  best  suiteii  for  the  manu- 
facturer who  consumes  the  energy  produced ; 
hence  power  transmission  is  nearly  always 
essential.  The  great  diversity  of  load  on 
modern  distributing  systems  and  the  peculiar 
character  of  some  manufacturing  processes 
renders  an  interruption  to  power  supply  of 
great  importance.  Water  power  develop- 
ment and  high  voltage  power  transmission 
must  necessarily  compete  with  local  steam 
plants  utilizing  fuel,  not  onlj'  in  cost,  but  also 
in  quality  of  service.  The  difficulties  to  be 
met  with  at  each  new  step  in  the  development 
of  high  voltage  transmission,  as  regards  the  use 
of  increasing  pressures,  the  complexity  of  net- 
works, the  magnitude  of  the  power  generated 
and  distributed  from  particular  points,  and 
the  amount  of  power  which  can  be  con- 
centrated at  a  particular  fault,  have  made  this 


field  of  engineering  not  only  one  of  special 
imp(jrtance  but  als(j  one  reriuiring  distinct 
study  and  experience.     It  is  a  tribute  to  the 

TABLE  II 

PRIMARY    HORSE   POWER    USED   BY 

LEADING   MANUFACTURING 

INDUSTRIES 

I'.tl  t  CicNses 

ARficultural  implements 121,428 

Automobiles  incUulins;  bodies  and  parts.  l".i,(584 
Boots  and  shoes,  including  cut  stock  and 

I'lndinRs 1 12,!t2.t 

Boots  and  shoes,  rubber 24.021 

Brass,  bronze  and  copper  products 122,700 

Bread  and  other  bakerv  products 107,771 

Brick  and  tile ' 470,7.')8 

Cars  and  general  shop  construction  and 

repairs  by  steam  railroad  companies.  4:i.'J,(t!)4 

Cement 4<.)0,402 

Chemicals 282,:i8.5 

Copper,  tin  and  sheet-iron  products. .  . .  75,263 
Cotton  goods,    including    cotton    small 

wares 1,. ^85, 953 

Electrical    machinery,    apparatus,    and 

supplies 227,731 

Fertilizers 114,281 

Flour-mill  and  grist-mill  products 822.384 

Foundry  and  machine  shop  products.  .  .  l,12i),7iiH 

Ice,  manufactured 4(i!,'.t8S 

Iron  and  steel  blast  furnaces 1,222,273 

Iron  and  steel,  steel  works  and  rolling 

mills 2,706,553 

Leather,  tanned,  curried  and  finished...  172,712 

Lumber  and  timber  products 2,796,902 

Paper  and  wood  pulp 1,621,154 

Printing  and  publishing 335,210 

Slaughtering  and  meat-packing 260,996 

Smelting  and  refining,  copper 194,980 

Woolen,    worsted    and    felt    goods,    and 

wool  hats 398,367 

Total  all  industries 22,547,574 


TABLK  I 

WATER  POWERS  OF  NORTH  AMERICA  AND  EUROPE* 


Population 
Latest 
Census 


Per 
Cent 
Util- 
ized* 


H.P.    j    H.P 
.\vail-     Devel- 
oped 
Per  Sq.  Per  Sq. 
Mile        Mile 


H.P.  per  Capita 


U.S.A 

tCanada  "A" . .  .  . 
iCanada  "B"  .  .  \ 

Populated  .  .  .  .  f 

Austria-  H  ungary 

France 

Norway, 

Spain 

Sweden 

Italy 

Switzerland 

Germany 

Great  Britain  .  .  . 


2,973,890 
2,000,000 

927,800 

261,260 

207,500 

124,130 

190,401 

172,960 

91,400 

15,976 

208,800 

88,729 


98,783,300 
8,033,500 

8,000,000 

51,173,800 
39,601,500 

2,391.780 
19,588,700 

5,522,400 
28,601,600 

3,781,500 
64,926,000 
40,831,400 


28,100,000t 
18,803,000 

8,094,000 

6,460,000 
5,587,000 
5,500,000 
5,000,000 
4,500,000 
4,000,000 
2,000,000 
1,425,000 
963,000 


7.000,000 
1,735,000 

1,725,000 

566,000 

1,100,000 

1,120,000 

440,000 

704,500 

976,300 

511,000 

618,100 

80,000 


24.9 
9.2 


11.6 
20.4 

8.8 
15.6 
24.4 
25.5 
43.4 

8.3 


9.4 
9.4 

8,7 

24.8 
26.8 
44.3 
26.3 
26.0 
43.8 
125.2 
6.8 
10.9 


2.35 
0.87 

1.86 

2.17 
3.14 
9.02 
2.31 
4.08 
10.7 
32.0 
2.96 
0.91 


0.28 
2.34 

1.01 

0.13 
0.14 
2.30 
0.26 
0.81 
0.14 
0.53 
0.02 
0.02 


0.071 
0.216 

1.216 

0.011 
0.016 
0.468 
0.022 
0.127 
0.0.34 
0.135 
0.010 
0.002 


*  From  the  Electrical  News  April  15,  1918. 

t  This  represents  continuous  power.    Compare  with  the  value  given  on  page  822  (54  millions) .  which  evidently  represents_  the  maximuntL 

power  available  during  a  certain  portion  of  the  year,  thus  requiring  considerable  auxiliary  reserve  to  make  it  continuous. 
t  "A  '  excludes  Yukon  and  Northern  Area  improbable  of  immediate  development.    "B"  included  in  "A"  in  area  actually  settled. 
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careful  study  of  those  engaged  on  this  work 
that  increasing  distances  and  higher  voltages 
have  been  attained  without  increasing  the 
troubles  involved,  and  in  many  cases  actually 
reducing  them. 

Every  man  in  business  knows  that  pro- 
duction in  general  naturally  overtakes  de- 
mand. All  business  men  and  manufacturers 
of  every  kind  are  engaged  in  a  study  and  effort 
to  legitimately  increase  the  demand  for  their 
goods.  This  is  so  well  known,  so  entirely 
proper  and  desirable,  and  so  generally  adopted 
as  not  to  need  discussion.  Public  utility  con- 
cerns devote  not  a  little  time  and  money  to 
investigating  new  loads  for  their  systems. 
Manufacturers  of  power  machinery  of  all 
kinds  are  naturally  interested  in  new  fields 
and  opportunities  for  the  use  of  their  prod- 
ucts, and  in  many  cases  new  apparatus  and 
developments  have  been  worked  out  with  the 
joint  co-operation  of  the  manufacturer,  the 
utility,  and  the  consumer.  The  close  rela- 
tionship which  has  existed  between  these 
three  parties  to  the  electrical  industry  and 
the  clear  appreciation  of  the  mutual  diffi- 
culties and  problems  involved  have  been  an 
important  factor  in  the  rapid  development  of 
the  electrical  industry. 

Electrical  machinery,  as  is  well  known,  is  so 
complicated  in  its  own  characteristics,  and  is 
involved  in  such  a  variety  of  factors  in  con- 
nection with  its  application  that  it  cannot  be 
sold  by  the  same  methods  utilized  in  many  in- 
dustries. Sugar  is  a  standard  product  and  the 
buyer  does  not  need  expert  advice  or  any 
specific  tests  or  inspection  in  purchasing  such  a 
commodity.  With  electrical  machinery,  how- 
ever, matters  are  different.  The  technical 
ability  which  has  been  developed  in  con- 
nection with  this  industry  is  such  that  in  many 
cases  the  engineers  of  a  particular  establish- 
ment, or  those  employed  by  a  public  utility 
are  fully  competent  to  purchase  and  operate 


electrical  apparatus  without  special  assistance 
from  the  manufacturer.  Many  consulting 
engineers  are  also  doing  excellent  work  in 
helping  to  solve  the  problems  involved  in 
these  situations,  especially  with  regard  to 
large  developments. 

The  necessities  of  the  situation,  however, 
require,  and  the  manufacturers  of  electrical  ap- 
paratus recognize,  that  they  owe  to  the  public, 
to  the  purchaser,  and  to  all  parties  involved,  a 
duty  for  the  successful  and  satisfactory  per- 
formance of  their  products.  This  is  met  by 
maintaining  an  organization  of  many  highly 
trained  engineers  who  have  devoted  years  of 
study  to  the  peculiar  requirements  of  the  ap- 
paratus manufactured  and  the  conditions  of 
its  application.  A  great  many  years  of  ex- 
perience, a  wide  acquaintance  with  systems 
and  individuals,  and  a  continual  activity  in 
studying  possible  advances  has  developed  a 
corps  of  engineers  who  have  become  experts 
on  the  work  of  power  generation  and  trans- 
mission. 

To  sum  up  in  a  few  words  the  essence  of  the 
present  economic  situation,  we  can  say  that 
the  greater  part  of  the  wealth  produced  each 
year  is  the  result  of  industrial  activity.  In- 
dustrial production  is  fundamentally  de- 
pendent upon  labor  and  power  supply.  The 
great  demand  of  the  present  moment  is  for  an 
increase  in  production  in  all  lines  of  com- 
modities necessary  for  life.  Production 
necessitates  the  investment  of  capital,  the 
contribution  of  real  work  on  the  part  of  labor, 
utilization  of  inventions  and  discoveries,  the 
supply  of  energy  available  in  large  quantities 
and  at  low  cost,  and  the  continued  develop- 
ment of  highly  trained  and  efficient  intelli- 
gence for  the  utilization  and  harmonious 
operation  of  these  factors.  With  these  clearly 
understood  and  faithfully  applied,  the  serious 
and  important  problems  of  the  present  and 
the  future  will  be  successfully  solved. 
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Power  Transmission  and   Industrial  Development 

By  Ross  J.  McCi.Ki.i.ANi) 

'I'liis  valuable  article  points  out  forcibly  how  vital  a  factor  the  transmission  of  power  is  to  our  whole  scheme 
of  moilorn  life  antl  how  our  future  prosperity  is  inseparably  lieil  up  with  its  development.  The  author  tells 
wliat  the  functions  of  transmission  are,  deals  with  our  power  sources  and  shows  in  what  directions  it  is  feasible 
to  look  for  economies.  He  brinRs  out  the  relationship  between  power  supply  and  transportation,  devotes  some 
l)araRrai)hs  to  the  inter-conncction  of  power  systems  and  shows  the  influence  that  a  comprehensive  scheme  of 
power  sui)i>ly  will  have  uiion  our  industrial  and  economic  development. — Kditok. 


Power  transmission  is  still  in  its  infancy, 
fnmi  llio  jioint  of  view  of  its  place  in  our 
industrial  organization.  It  is  difficult  for 
those  who  have  seen  and  taken  part  in  the 
advances  of  the  last  20  years  to  appreciate 
that  these  advances  have  brought  us  to  a 
merely  prclimiiiary  stage  and  that  the  present 
transmission  de^■clopmcnts  are  casual  and 
small  scale  in  comparison  with  the  coming 
system,  which  is  to  constitute  the  backbone 
of  our  industrial  civilization. 

As  an  industrial  factor,  electrical  yower 
transmission  has  hitherto  been  tentative  and 
semi-experimental.  Transmission  has  only 
recently  been  de\-eloped  to  a  point  where  it 
is  capable  of  assuming  its  eventual  industrial 
responsibilities,  and  the  industrial  and  eco- 
nomic situation  has  not  been  ripe  for  such 
comprehensive  handling  of  the  power  supply 
problem  as  would  afford  scope  for  full  develop- 
ment of  electrical  transmission..  But  the 
jieriod  of  reorganization  and  .  readjustment 
following  the  war  has,  with  startling  sudden- 
ness, opened  opportunities  for  large  scale 
development,  and  the  period  of  intensive 
industrialism  into  which  we  are  about  to 
enter  will  convert  these  opportunities  to 
urgent  necessities. 

That  we  are  on  the  threshold  of  a  period 
of  unprecedented  industrial  activity  we  must 
believe,  if  we  believe  in  the  industrial  future 
of  America,  since  the  developments  of  the  next 
five  or  ten  years  will  determine  whether 
America  is  to  be  the  predominant  industrial 
nation  or  primarily,  in  an  international  sense, 
a  mere  producer  of  raw  materials  and  a  con- 
sumer of  industrial  products.  The  United 
States,  with  half  of  the  world's  coal  resources, 
must  eventually  be  the  pre-eminent  center  of 
industry.  There  are  no  compelling  reasons 
why  it  should  not  so  establish  itself  during 
our  generation.  In  any  event,  w^hatever  the 
extent  or  rapidity  of  our  industrial  develop- 
ment, power  supply  is  destined  to  be  one  of 
its  most  important  problems,  and  electrical 
transmission  of  energ}^  the  principle  around 
which  the  solution  of  the  power  supply 
Itroblem  will  be  built. 


Significance  of  Power  Supply 

The  greatest  step  in  the  history  of  human 
advancement  was  the  establishment,  less  than 
a  century  ago,  of  the  so-called  "Factory 
vSystem"  in  England,  and  the  accompanying 
period  known  as  the  "Industrial  Revolu- 
tion." This  movement,  the  beginning  of 
modem  industrial  civilization,  consisted  es- 
sentially of  the  organized  and  specialized 
production  of  manufactured  commodities, 
and  was  based  upon  and  particularly  char- 
acterized by  the  extensive  use  of  mechanical 
power.  A  second  great  step  was  the  develop- 
ment on  a  comprehensive  scale  of  transporta- 
tion facilities — railroads  and  steamship  lines — 
ail  essential  condition  to  a  large  industrial 
system,  since  it  freed  the  factories  from  close 
local  limitations  as  to  supply  of  raw  materials, 
supply  of  fuel  for  power  and  distribution  of 
maniifactured  products. 

An  equally  important  and  significant  step 
will  be  the  establishment  of  a  comprehensive 
power  supply  system.  It  likewise  will  enlarge 
the  scope  of  industry  and  reduce  its  limita- 
tions. It  will  unquestionably  be  attended  by 
economic,  social  and  political  eflects  of  the 
same  order  as  those  resulcing  from  the  other 
two  great  movements  mentioned. 

Power  is  the  basis  of  industrial  civilization. 
Industrial  development  and  standards  of 
living  are  closely  dependent  upon  the  per 
capita  use  of  power.  The  report  of  the 
British  Reconstruction  Committee,  which 
attracted  such  wide  attention  last  year, 
presents  a  most  interesting  series  of  statistics 
showing  that  the  average  net  output  of 
workers  increases  consistently  and  almost 
directly  as  the  power  use  per  capita.  The 
report  presents  the  following  conclusion,  very 
pertinent  to  any  consideration  of  our  own 
plans  for  the  future : 

"It  is  scarcely  possible  to  exaggerate  the 
national  importance  of  a  technically  sotind 
s}.-stem  of  electrical  supply,  because  it  is 
essentially  one  with  the  problem  of  the 
industrial  development  of  the  country,  which 
largely  depends  upon  increasing  the  net  out- 
put per  head  of  workers.  *  *  *  *  In  the  U.  S.  A. 
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the  use  of  power,  where  it  can  be  used,  is 
nearly  double  what  it  is  here.  On  the  other 
hand,  not  only  are  the  standard  rates  of  wages 
higher  in  the  U.  S.  A.,  but  living  conditions 
are  better.  There  is  little  doubt  that  in  the 
U.  S.  A.  the  average  purchasing  power  of 
the  individual  is  above  what  it  is  here,  and 
that  this  is  largely  due  to  the  more  extensive 
use  of  power  which  increases  the  individual's 
earning  capacity.  The  best  cure  for  low 
wages  is  more  motive  power.  Or,  from  the 
manufacturer's  point  of  view,  the  only  offset 
against  the  increasing  cost  of  labor  is  the  more 
extensive  use  of  motive  power.  The  solution 
of  the  workman's  problem,  and  also  that  of 
his  employer,  is  the  same,  viz.,  greatest 
possible  use  of  power." 

It  is  interesting  to  note  in  this  connection 
that  in  sustaining  its  position,  the  Lhiited 
States,  with  one  fifteenth  of  the  population 
of  the  globe,  burns  nearly  one  half  of  the  coal 
produced  annually  and  is  estimated  to  use 
half  of  the  power  generated. 

For  the  future,  the  aspirations  of  the  labor 
classes  to  higher  living  standards,  involving 
higher  wages  and  shorter  working  hours, 
together  with  the  necessity  for  our  industries 
meeting    keener    international    competition, 


will  inevitably  require  an  increase  in  per 
capita  productiveness  made  possible  only  by 
increasingly  great  use  of  power. 

A  consequent  great  increase  in  our  power 
supply  must  and  will  be  effected.  Our 
growth  as  an  industrial  and  highly  productive 
nation  will,  however,  be  vitally  influenced  by 
the  adequacy  of  this  power  supph',  whether 
the  minimum  which  must  be  provided  or  the 
maximum  which  can  advantageously  be  used. 
The  manner  of  obtaining  it,  moreover,  will 
have  far-reaching  effects  upon  our  industrial 
and  political  system.  It  is  the  purpose  of 
this  article  to  discuss  certain  phases  of  the 
problem  of  power  supply,  and  in  particular 
the  vital  part  to  be  played  by  electrical  trans- 


Functions  of  Electric  Transmission 

In  a  general  power  supply  system,  electrical 
transmission  as  distinct  from  distribution  to 
local  areas,  has  two  primary  functions : 

1 .  To  transmit  power  from  distant  energy 
sources  to  industrial  areas.  The  energy 
sources  may  be  either  water  powers  or  coal 
fields.  The  latter  is  the  condition  of  par- 
ticular interest,  since  it  involves  radical 
departure  from  the  present  general  practice 


Fig.  1.     Curve  showing  the 


ption  of  coal  in  the  United  States,  and  the 
pita,  from  1860  to  date 
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of  liaulitii^  coal  for  i)()\vcr  ^^ciu'i-ation  Ini-ally  in 
the  iiukislrial  areas. 

2.  To  iiUcn'oiiiiecl  ])o\vcr  systems  and 
enable  jioolinj^  and  orjjani/.ed  treatment  of 
power  requirements  and  resources  over  wide 
areas. 

The  fulliUmenl  of  these  two  functions 
enables  the  establishment  of  a  comprehensi\-e 
power  sujjply  system  which,  while  ])resumably 
starting:;  in  the  more  distinctly  industrial 
regions,  should  eventually  be  extended  to 
cover  the  entire  developed  portion  of  the 
country,  conslitutinj;  the  sole  and  exclusive 
source  of  power  over  the  territory  covered. 
The  vital  impro\-ements  in  our  industrial 
system  resultinj^  from  such  a  power  supph- 
system,  as  will  later  be  pointed  out  in  some 
detail,  may  be  briefly  sunmiarized  as  follows: 

1.  Maximum  efficiency  of  power  genera- 
tion and  economy  of  investment. 

2.  Bringing  within  economic  range  other 
important  measures  of  national  economy, 
such  as  extensive  water  power  development, 
railroad  electrification  and  recovery  of  valu- 
able coal  by-products. 

3.  Stimulation  of  industry  generally  and 
development  of  new  specialized  industries, 
due  to  assurance  of  adequate  power  supply 
over  the  entire  region  involved. 

4.  Great  extension  of  areas  suitable  for 
industrial  developm.ent  and  consequent  check- 
ing of  present  tendency  toward  excessive 
localizatioa  of  industry.* 

Power  Sources 

Since  the  power  supply  problem  depends 
directly  upon  power  sources,  the  part  to  be 
played  by  electric  transmission  must  be  con- 
sidered in  the  light  of  the  conditions  surround- 
ing these  sources.  There  are  at  present  only 
two  significant  sources  of  primary  power: 
water  power  and  coal.  The  use  of  oil  and 
natural  gas  as  power  sources  is  confined  to 
relatively  small  regions  and  will  not  afTect 
the  general  situation.  These  fuels  are  too 
limited  in  quantity  and  too  valuable  for  other 
purposes  to  be  considered  in  any  general 
survey  of  power  resources.  For  the  greater 
portion  of  the  United  States,  water  power  is 
an  incidental  rather  than  a  determining  factor 
in  power  supply.  There  is  not  enough  water 
power,  except  in  the  Rocky  Mountains  and 
on  the  Pacific  Coast,  to  supply  more  than  a 
small  portion  of  the  power  requirements  of 
the  immediate  future.     In  nearlv  all  cases 


*  The  problem  of  power  supply,  and  this  subject  in  particular, 
are  admirably  analyzed  in  a  monograph  published  by  the  Smith- 
sonian Institution:  "Power,  Its  Significance  and  Needs."  by 
Chester  G.  Gilbert  and  Joseph  E.  Pogue. 


water  ijower  de])cnds  directly  ujjon  electric 
transmission  to  make  it  available  for  industrial 

use. 

Our  principal  power  source  is  coal.  Our 
coal  reserves,  relatively  to  other  countries, 
arc  tremendous,  and  they  are  widely  rej^arded 
as  so  extensive  that  no  present  thought  need 
be  given  to  their  exhaustion.  It  is  coming  to  Ije 
recognized,  however,  that,  at  the  rate  at  which 
coal  consumi)tion  is  increasing.  Fig.  1,  the  life 
of  the  coal  fielils,  and  especially  of  the  higher 
grade  and  more  accessible  deposits,  is  a  matter 
of  vital  concern.  For  a  long  series  of  years  our 
coal  consumption  has  been  doubling  ajjproxi- 
mately  every  ten  years,  an  annual  increase  of 
nearly  7  per  cent,  and  during  the  past  three 
years  has  been  increasing  at  a  much  faster 
rate.  If  our  coal  consumption  were  to  con- 
tinue to  increase  at  the  apparently  normal 
rate  of  7  per  cent  per  annum,  the  life  of  our 
known  coal  reserves  would  be  as  follows: 

Years 

Eastern  District,  which  includes  the  most  acces- 
sible and  best  quality  of  our  fuel 59 

Eastern,  Central  and  Southern  Districts 65 

Entire  United  States  and  Alaska,  two  thirds  of 

this  being  low-grade  coals  and  lignites ....  84 
Note. — These  figures  are  based  upon  estimates 
of  the  United  States  Geological  Survey.  They  in- 
clude coal  in  veins  as  shallow  as  14  in.,  all  coal  up  to 
30  per  cent  ash  and  all  known  deposits  within  6000 
ft.  of  the  surface.  The  proportion  of  recovery  from 
the  mines  is  taken  as  two  thirds,  considerably  higher 
than  has  been  obtained  heretofore. 

If  figures  were  available  as  to  the  rate  of 
exhaustion  of  coal  reserves  mineable  and 
usable  under  present  standards — a  small 
portion  of  the  total — they  would  be  still 
more  startling.  Direct  evidences  of  approach- 
ing scarcity  of  high  grade  coal  and  increasingly 
higher  coal  prices  are  already  unmistakable. 
Floyd  W.  Parsons,  editor  of  the  Coal  Age, 
writes  as  follows: 

"Each  year  now  witnesses  the  exhaustion 
of  a  number  of  high  grade  coal  areas.  Far 
more  mines  producing  better  grades  of  coal 
are  being  worked  out  than  there  are  new 
mines  commencing  to  produce.  In  many 
famous  coal  regions,  such  as  Cambria  and 
Clearfield  counties  in  Pennsylvania,  the 
original  areas  are  practically  worked  out. 
The  same  story  may  be  told  of  other  famous 
districts.  Coal  that  sold  ten  years  ago  for 
S50  an  acre  now  brings  S700.  Seams  that 
netted  the  owners  royalties  of  six  to  ten  cents 
a  ton  are  now  leased  on  a  royalty  basis  of 
thirty  cents  a  ton.  Ooerating  companies  are 
now  going  over  their  acreage,  taking  out 
pillars   and   working  low  grade   thin  seams. 
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Some  beds  are  being  worked  that  wouldn't 
have  been  looked  at  five  years  ago.  All  this 
means  high  operating  costs  and  a  lower  grade 
of  product." 

The  conditions  obtaining  in  the  coal  situa- 
tion thus  indicate  clearly  that  the  time  is  in 
sight  when  we  must  curtail  our  rate  of  in- 
crease in  coal  consumption,  when  consump- 
tion will  be  determined  not  merely  by  our 
needs,  but  by  increasing  scarcity  and  expense 
of  supply.  Curtailment  of  the  growth  of 
our  fuel  productio^i  will  tend  to  carry  with 
it  a  curtailment  of  our  industrial  development 
which  can,  however,  to  some  extent  at  least, 
be  offset  by  increasing  economies  in  utiliza- 
tion. The  need  of  such  economies  in  power 
generation  is  emphasized  by  the  fact  that 
power  use  of  coal  is  the  use  which  is  most 
wasteful  of  its  chemical  and  thermal  values. 

It  is  of  interest  to  review  the  important 
relation  of  electrical  transmission  to  the 
principal  feasible  measures  of  economy : 

1.  Centrahzation  of  power  supply  in 
highly  efficient  electric  generating  plants  of 
the  largest  practicable  size.  Such  plants 
would  have  a  thermal  efficiency  of  about  four 
times  that  of  a  reasonably  good  isolated 
plant  and  about  twice  that  of  an  ordinary 
large  central  station.  This  centralization 
will  be  practicable  only  through  the  establish- 
ment of  a  comprehensive  interconnected  power 
supply  system. 

2.  Superseding  or  minimizing  of  railroad 
hauling  of  coal  for  power  by  generation  at  or 
near  the  coal  mines  and  transmission  of  power 
electrically.  At  present  it  is  estimated  that 
every  100  tons  of  coal  shipped  involves  burning 
10  tons  in  the  railroad  locomotives.  (Sub- 
stitution of  mine  plants  would  of  course  be 
gradual.  Good  existing  plants  would  be 
continued  in  service  until  economically  obso- 
lete, then  relegated  to  a  peak  load  or  reserve 
function.) 

3.  Fullest  possible  utilization  of  water 
power  within  economic  limits  as  to  costs, 
which,  as  will  be  discussed  later,  is  to  a  great 
extent  dependent  upon  development  of  a 
comprehensive  transmission  system. 

4.  Electrification  of  steam  railroads.  It 
is  estimated  that  the  present  railroad  use  of 
more  than  25  per  cent  of  our  fuel  output 
would  be  reduced  by  complete  electrification 
to  8  per  cent  or  less,  and  that  in  addition  the 
efficiency  and  capacity  of  present  railroad 
facilities  would  be  greatly  increased.  Eco- 
nomic feasibihty  of  railroad  electrification 
on  a  large  scale  would  be  greatly  expedited 
by,  if  not  contingent  upon,  the  existence  of  an 


extensive  transmission  system.  Such  a  trans- 
mission system  would  not  only  reduce  directly 
the  investment  required  for  electrification,  but 
would  enable  full  advantage  to  be  taken  of 
the  great  diversity  between  railroad  and 
general  power  load. 

5.  Electrification  of  coal  mining  opera- 
tions, particularly  in  case  of  anthracite  mines, 
where  a  mine  use  of  more  than  11  per  cent 
could  be  reduced  to  possibly  1}^  per  cent  by 
electrification,  representing  an  effective  sav- 
ing at  present  rates  of  production  of  nearl}' 
10,000,000  tons  annually.  In  bituminous 
mining,  the  mine  use  is  not  so  great  in  per  cent, 
but  a  similar  saving  could  be  effected,  prob- 
ably somewhat  greater  in  aggregate  amount. 
Mine  electrification  is  not  directly  dependent 
uoon  electric  transmission,  but  the  full  pos- 
sible economies  can  be  realized  only  when  it 
is  developed  in  connection  with  a  general 
power  system. 

6.  Improvement  in  our  extravagantly 
wasteful  methods  of  coal  mining.  Of  deposits 
worked  to  date,  it  is  estimated  that  more 
than  half  of  the  coal  content  has  been  irretriev- 
ably wasted. 

Of  these  principal  measures  of  economy,  it 
will  be  noted  that  the  first  four  are  directly 
dependent  upon  extensive  transmission,  and 
that  all  except  the  last  are  dependent  upon 
it  directly  or  indirectly  for  full  feasibility  and 
efficiencjr. 

Relation  of  Power  Supply  to  Transportation 

The  problem  of  power  supply  is  intimately 
associated  with  the  transportation  problem. 
The  United  States  with  its  high  industrial 
development  and  its  large  extent  of  territory 
is  peculiarly  dependent  upon  railroads,  and 
this  dependence  involves  elements  of  danger, 
both  on  economic  grounds  and  for  political 
and  other  more  general  reasons.  Recent  devel- 
opments in  the  railroad  situation  have  served 
to  make  some  of  these  dangers  clearly  evident. 

From  the  economic  standpoint,  as  a  par- 
ticular instance,  railroads  are  inflexible  in 
times  of  industrial  expansion.  They  are 
expensive  and  slow  to  construct,  have  very 
little  efficient  overload  capacity  and  are  sub- 
ject to  inescapable  congestion  at  certain 
geographical ' '  bottle  necks. ' '  Rapid  industrial 
expansion  imposes  a  demand  upon  transporta- 
tion facilities  for: 

1.  More  raw  materials, 

2.  A'lore  finished  products, 

3.  More  coal  for  industrial  power. 
Railroad   inflexibility   in   the  face   of   this 

triple  stress  results  in  congestion  and  ex:pense. 
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with  cotiseciuent  checking  of  exi)aiisit)n.  In 
slack  times  there  follows  an  over-ilevelop- 
ment  of  railroads  with  consequent  likelihood 
of  inefficiency  creeping  in,  an  inefficiency 
which  it  is  difficult  to  eradicate  during;  the 
next  period  of  stress.  The  railroail  break- 
down under  the  industrial  eincrj^ency  of  the 
war  was  not  an  abnormal  ])henomenon.  It 
is  somethinj^  which,  to  some  extent  at  least, 
will  occur  in  every  |)eriod  of  industrial 
expansion. 

The  country  has  thus  far  jilaced  i)ractically 
the  entire  burden  of  its  industrial  develop- 
ment, including;  the  supplying  of  power,  upon 
its  transportation  facilities.  The  hauling  of 
coal  for  power  purposes  constitutes  over  one 
third  of  our  annual  freight  movement.  It  is 
easy  to  understand  the  reasons  both  of  an 
economic  and  engineering  character  why  this 
has  been  the  case.  The  engineering  art  has, 
however,  reached  a  stage  where  this  depend- 
ence is  no  longer  physically  necessary,  and 
economic  considerations  point  strongly  to 
gradually  relieving  the  transportation  facil- 
ities of  the  burden  of  supplying  power.  A 
system  of  trunk  electrical  transmission  lines, 
collecting  energy  from  water  powers  and 
steam  stations  located  near  the  mines  and 
thence  delivering  it  where  it  m.ay  be  utilized 
most  advantageously,  will  ser\e  to  relieve 
our  unduly  great  dependence  upon  trans- 
portation. At  the  same  time  it  will  form  the 
foundation  of  an  efficient  and  economical 
power  supply  system  which  will  open  up  what 
might  alm.ost  be  described  as  a  new  economic 
era.  The  relief  to  transportation  will  be 
effected  to  the  greatest  extent  at  the  tim.es  and 
in  the  places  where  congestion  is  most  severe. 

Electrical  transmission  is  far  more  flexible 
than  railway  hauling  of  coal.  Transmission 
lines  can  be  constructed  much  more  quickly 
when  need  appears  and  can  temporarily  be 
heavily  overloaded  with  no  other  penalty 
than  a  temporary  increase  in  losses.  It  is 
likewise  inherently  more  economical,  on  a 
sufficiently  large  scale,  than  railroad  hauling 
of  coal.  There  is  accordingly  no  industrial 
justification  for  transporting  power  in  the 
enormously  bulky  form  of  coal  when  it  is 
capable  of  100  per  cent  concentration  on  the 
spot  and  shipment  with  a  m.axim.um  of  effi- 
ciency and  convenience  over  electrical  trans- 
mission lines.  The  relative  balance  of  costs 
will  be  a  special  problem  in  each  particular 
project,  but  various  studies  have  shown,  at 
present  high  construction  prices,  a  direct 
saving  in  energy-  costs  for  a  large  capacity 
transmission  system  as  compared  with  rail- 


road freight  costs.  In  addition  there  wrmld 
be  the  important  savings  resulting  from  diver- 
sity, flexibility  as  to  points  of  delivery  and  the 
other  advantages  of  interconnection.  There 
will  also  be  various  incidental  advantages, 
such  as  civic  Ijctterment  and  improved  living 
conditions  for  labor,  resulting  from  removal  of 
the  industry  of  power  generation  from  the 
immediate  neighborhood  of  large  centers  of 
population. 

Any  comparison  of  costs  under  immediate 
conditions  will  not,  however,  present  the  prob- 
lem in  its  true  economic  light.  Freight  rates 
are  certain  to  increase,  and  the  policy  gaining 
in  favor  in  authoritative  circles  of  a  radical 
lessening  of  the  extreme  differences  in  the 
present  classified  freight  schedules  would,  if 
carried  out,  result  in  a  further  material  in- 
crease in  low  commodity  rates,  such  as  those 
for  coal.  Furthermore,  the  coal  situation 
will  soon  compel  the  use  of  relatively  lower 
grades  of  fuel,  with  consequent  higher  freight 
costs  per  unit  of  energy.  In  general  trans- 
mission costs  are  almost  wholly  fixed  charges, 
while  freight  costs  are  largely  for  labor.  The 
whole  trend  of  industrial  progress  has  been 
characterized  by  substitution  of  machinery 
and  equipm.ent  for  man  power. 

There  has  been  extensive  discussion  of  late 
as  to  the  general  feasibility,  from  the  engineer- 
ing standpoint,  of  long  distance,  high  capacity 
electrical  transmission,  and  it  appears  to  be 
the  consensus  of  enlightened  opinion  that  the 
problems  of  development  and  operation  can 
be  approached  with  full  confidence  of  prompt 
commercial  solution. 

Interconnection  of  Power  Systems 

A  comprehensive  system  of  power  supply 
involves  other  features,  however,  than  cen- 
tralized production  of  power  near  its  source. 
An  element  of  equal  importance  is  the  inter- 
connection of  central  station  systems  and 
large  industrial  establishments  now  operating 
independently  in  contiguous  districts.  This 
function  of  electrical  transmission  supple- 
ments that  previously  discussed  in  an  espe- 
cially fortunate  manner,  since  the  same  system 
of  electrical  transm.ission  lines,  with  usually 
relatively  minor  additional  expense,  may 
ser\'e  to  effect  interconnection. 

Diversity.  The  primary  advantage  of  inter- 
connection lies  in  the  fact  that  the  combined 
load  ma>-  be  carried  with  a  materially  smaller 
amount  of  installed  generating  capacity  and 
at  the  same  time  w4th  higher  efficiency.  The 
saving  possible  as  a  result  of  diversity  in 
maximum    load    between    separate    systems, 
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even  where  the  loads  are  of  a  generally  similar 
character,  is  greater  than  is  ordinarily  realized. 
A  similar  saving  will  result  from  the  relatively 
smaller  amount  of  spare  generating  capacity 
required  for  reserve  purposes.  Studies  of  a 
number  of  typical  projects  indicate  that  the 
increased  load  which  may  thus  be  carried 
from  a  given  amount  of  generating  capacity 
as  a  result  of  interconnection  will  usually 
amount  to  15  or  20  per  cent.  It  will  naturally 
be  greater  as  interconnection  is  extended  to 
wider  limits.  The  saving  in  investment  is 
highly  important,  and  at  the  same  time  the 
higher  load  factor  upon  the  generating  stations 
will  enable  more  efficient  use  of  fuel. 

Large  Units  and  Plants.  Interconnection 
over  a  wide  area  will  alone  make  feasible  the 
increased  sizes  of  stations  and  of  individual 
units  which  constitute  so  essential  an  element 
in  working  out  the  economies  in  investment 
and  in  fuel  consumption  toward  which  we  are 
aiming.  In  this  connection  it  should  par- 
ticularly be  borne  in  mind,  in  any  com- 
parison with  the  present  method  of  relatively 
local  generation,  that  the  comprehensive 
system  will  bring  the  benefits  of  large  scale 
generation  not  merely  to  large  cities  and 
important  industries,  where  to  some  extent 
they  may  already  be  realizable,  but  to  the 
entire  area  served  by  the  system. 

Flexibility.  An  important  industrial  advan- 
tage of  interconnection  is  the  flexibility  as  to 
points  of  power  delivery,  and  the  readiness 
with  which  load  may  be  shifted  from  one  part 
of  the  district  to  another.  New  large  loads 
may  ordinarily  be  taken  on  at  any  point  on 
very  short  notice,  whereas,  under  present 
conditions,  they  frequently  could  be  supplied 
only  after  long  delay  involved  in  the  building 
of  new  power  plants.  This  flexibility  is  of 
particular  advantage  in  the  case  of  large  loads 
of  a  temporary  character. 

Relation  to  Water  Power  Development.  Inter- 
connection is  also  of  peculiar  and  vital  signifi- 
cance in  connection  with  the  utilization  of 
water  powers,  at  least  in  the  East.  Most  of 
our  more  important  undeveloped  eastern 
water  powers  are  located  on  relatively  large 
streams  where  it  is  not  feasible  to  develop 
seasonal  storage.  Accordingly  if  water  powers 
of  this  type  are  to  serve  a  relativel}-  local 
market  they  must  either  be  developed  only  for 
the  minimum  flow  of  the  stream  or  must  be 
supplemented  by  large  steam  reserve  capacity, 
either  of  which  is  likely  to  put  the  project  out- 
side of  the  range  of  economic  feasibility. 

The  large  aggregate  load  which  becomes 
available  for  organized  treatment  on  an  inter- 


connected system  opens  an  opportunity  for 
economic  development  of  water  powers  of 
this  typical  character.  If  operated  to  carrj^ 
base  load  during  periods  of  high  stream  flow 
and  to  carry  peak  loads  only  during  periods 
of  low  stream  flow,  thej'  may  be  developed 
for  many  times  the  minimum  flow  of  the 
stream  without  any  duplication  of  investment 
in  reserve  steam  capacity  being  necessary. 

Another  limitation  on  development  of  large 
water  powers  is  that  the  high  investment 
required  must  practically  all  be  made  at  the 
start,  whether  or  not  load  is  available  for  the 
full  output  of  the  plant.  This  limitation  will 
obviously  become  of  relatively  less  significance 
when  water  power  projects  are  considered  as 
portions  of  a  large  system. 

Relation  to  Coal  By-product  Recovery.  A 
most  important  measure  of  national  economy 
is  the  development  of  some  economically 
feasible  system  of  extensive  recovery  of  coal 
by-products.  Each  ton  of  bituminous  coal 
is  estimated  by  Mr.  Floyd  W.  Parsons  to 
contain  useful  products  of  a  value  of  possibly 
$20  in  the  form  first  extracted.  In  a  broad 
sense  their  value  to  the  nation  is  much  higher, 
since  they  open  the  way  to  a  whole  series  of 
new  industries.  The  development  of  the  coal 
by-product  industry  will  be  enormously 
facilitated  by  concentrating  the  consumption 
of  coal  for  power  purposes  in  a  relatively  small 
number  of  large  plants. 

Influence  of  Comprehensive  Scheme  for  Power  Sup- 
ply Upon  Industrial  and  Economic  Develop- 
ment 

Regional  industrial  development  depends 
primarily  upon  accessibility  of  raw  materials 
and  of  power,  chiefly  upon  the  latter,  since 
even  the  crudest  raw  materials  are  usually 
more  readily  transported  than  is  coal.  The 
centralization  and  localization  of  industries 
around  power  sources  has  been  clearh'  marked 
in  our  industrial  development  thus  far.  Our 
earliest  industries  were  in  New  England 
around  the  small  water  powers  which  the 
mechanical  art  at  that  time  was  able  to 
develop.  Later,  with  the  advent  of  relatively 
large  steam  plants,  the  industrial  center 
shifted  to  the  vicinity  of  the  coal  regions  and 
in  the  main  has  continued  there.  Even  in 
the  districts  adjacent  to  the  coal  regions 
the  larger  industries  show  a  forced  concentra- 
tion along  the  main  lines  of  supply  from  the 
mines  and  near  the  ports  where  tide-water 
coal  is  available.  A  cumulative  secondary 
influence  of  concentration  is  the  necessary 
immediate    proximity    to    large    condensing 
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water  supply.  This  cciilrali/.ation  in  rt'la- 
tively  small  areas,  if  contiiiiR-d.  will  conslitule 
an  olTective  limitation  u\)ou  both  the  elVi- 
cicncy  and  the  majjnitude  nf  our  industrial 
system. 

This  restrictive  inlluenee  ujjon  industry 
may  be  larj:;ely  and  elTeetively  reduced  by  a 
comprehensive  system  of  interconnected  trans- 
mission lines.  Such  a  system,  by  making 
adequate  power  readily  available  over  the 
wide  areas  within  the  ranjje  of  feasible  elec- 
trical transmission,  would  <;;rcatly  extend  the 
territory  suitable  for  }j;eneral  industrial  de- 
velopment. The  tendency  to  concentrate 
industries  near  the  coal  fields,  while  it  would 
not  be  removed,  would  be  lessened  to  an 
important  degree,  and  the  more  local  limita- 
tions of  established  coal  routes  and  con- 
densing water  supply  would  cease  to  function. 
Furthermore,  by  rendering  feasible  more 
extensive  development  of  water  powers,  the 
regions  within  economic  range  of  power 
sources  would  be  materially  enlarged. 

The  possibilities  of  electric  transmission 
as  an  industrial  decentralizing  influence  have 
an  excellent  illustration  in  the  new  and 
important  industrial  development  in  the 
southeastern  States,  which  has  arisen  since 
the  advent  of  electric  transmission.  These 
industries  are  supplied  mainly  from  water 
powers,  but  instead  of  being  concentrated 
in  the  immediate  vicinity  of  the  water  powers, 
are  widely  distributed  over  five  states. 

The  effects  of  such  a  distributed  develop- 
ment of  industry,  in  contrast  to  a  concen- 
trated development,  will  be  far-reaching.  It 
will  leave  industries  free  to  seek  favorable 
locations  with  respect  to  markets  and  raw 
materials.  It  will  relieve,  relatively,  the 
excessive  transportation  congestion  in  certain 
districts  and  give  to  transportation  a  better 
balanced  and  more  diversified  character.  It 
will  have  a  marked  and  most  important 
effect  upon  labor  supply  and  living  conditions 
and  will  tend  to  check  the  concentration  of 
population  in  large  cities,  which  is  recognized 
as  a  serious  menace  to  our  economic  and 
social  well  being.  It  will  tend  to  prevent  a 
wide  divergency  of  interests  between  dif- 
ferent sections  of  the  country,  with  conse- 
quent sectional  antagonism  and  inability  to 
develop  national  constructive  economic  poli- 
cies. 

The  establishment  of  electricity  and  elec- 
trical transmission  in  their  proper  roles  in 
our  industrial  life  will  do  more  than  exercise 
an  equalizing  effect  upon  industry.  It  will 
greatly  stimulate  the  use  of  electrical  power 


and  thereby  increase  the  productiveness  and 
elficiency  of  our  industrial  system.  It  will 
relieve  new  industries  of  the  executive  and 
the  financial  burdens  of  providing  their  own 
power  facilities.  It  will  ojjen  up,  also,  exten- 
sive new  uses  for  electrical  power  and  for 
electricity  in  other  forms  than  power.  These 
new  uses,  jjarticularly  in  the  ijrovinces  of 
electro-chemistry  and  electro-metallurgy,  will 
not  merely  constitute  per  se  an  advance  in 
our  industrial  development,  but  the  new 
products  furnished  will  form  the  basis  for  a 
new  chain  of  highly  specialized  and  valuable 
industries,  which  will  free  us  from  dangerous 
dependence  upon  foreign  supplies  and  will 
add  greatly  to  our  national  wealth  and 
prosperity. 

Obstacles  to  be  Overcome 

The  reasons  for  the  present  inefficient 
individualistic  state  of  the  power  supply 
industry  are  clearly  evident,  and  many  of 
them  will  persist  as  obstacles  to  a  compre- 
hensive handling  of  the  power  supply  problem. 
Aside  from  the  fact  that  the  engineering  art 
has  only  recently  reached  the  stage  where  it  is 
capable  of  handling  adequately  the  technical 
features  involved,  the  following  considera- 
tions may  be  noted : 

1.  A  general  power  supply  system  neces- 
sarily involves  large  scale  undertakings,  even 
initially,  and  hence  presents  a  tremendous 
financing  problem.  The  present  method  of 
power  supply  shoulders  a  large  portion  of  its 
financing  upon  the  railroads,  which,  while 
not  conducive  to  ultimate  economy,  does 
reduce  the  direct  financial  burden. 

2.  The  pooling  of  power  requirements  of 
various  industries  and  public  utilities  implies 
a  higher  degree  of  co-operation  than  has 
hitherto  been  feasible. 

3.  Competition  has  not  been  an  effective 
stimulus,  since  the  benefits  to  be  obtained 
would  accrue  to  industries  generally  rather 
than  to  any  specific  industry  as  an  advantage 
over  others. 

4.  Legislation  and  public  sentiment,  at 
least  in  pre-war  times,  were  adverse  to  sub- 
stitution of  large,  inherently  monopolistic 
enterprises  for  individualistic  handling  of 
problems. 

5  Public  utility  regulation  has  usually 
tended  toward  restriction  of  return  upon 
investment  rather  than  toward  ultimate 
economy  to  power  users  and  to  the  countr}\ 

It  is  evident  that  the  obstacles  are  not  to 
any  material  extent  physical,  and  that  they 
do    not    arise    primarily    from    mere    inertia 
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and  short  sighted  conservatism  on  the  part 
of  those  directly  interested.  The  power 
supply  problem  is  one  of  essentially  public 
importance,  and  effective  progress  will  be 
very  difficult  without  the  support  of  enlight- 
ened public  interest  and  a  constructive  policy 
on  the  part  of  regulatory  authorities.  The  wide- 
spread attention  which  the  subject  is  receiving 
and  the  broader  viewpoint  which  experience 
is  giving  to  our  relatively  new  public  regula- 
tory bodies  afford  a  basis  for  optimism. 

Conclusions 

1.  Industrial  development  depends  upon 
the  use  of  power,  and  the  per  capita  power 
use  is  a  direct  index  of  individual  produc- 
tivity and  national  economic  well-being. 

2.  If  our  industrial  position  and  our  high 
standard  of  living  are  to  be  maintained  and 
improved,  we  shall  become  m.ore  and  m_ore 
dependent  upon  adequate  power  supply. 

3.  Our  industrial  future  depends  primarily 
upon  our  coal  resources,  and  our  best  and 
most  accessible  coal  is  being  exhausted  at 
a  rate  so  rapid  that  every  feasible  economy 
in  fuel  consumption  is  a  national  necessity. 

4.  Our  present  m.ethod  of  individualistic 
local  power  generation  tends  to  concentrate 


industrial  development  in  a  few  geographically 
favored  localities,  to  the  detriment  of  industrial 
growth  and  efficiency,  and  of  sound  social 
and  political  conditions. 

5.  Railroad  hauling  of  coal  for  power  is 
inherently  uneconomical,  and  it  accentuates 
a  dangerous  dependence  of  industry  upon 
transportation  facilities. 

6.  A  comprehensive  system  of  power  sup- 
ply, based  mainly  upon  a  network  of  high- 
capacity  transmission  lines  collecting  power 
from  large  steam  plants  in  the  mining  regions 
and  from  water  power  plants,  will  conserve 
fuel  resources,  increase  industrial  efficiency 
and  stimulate  new  industries.  By  making 
power  available  over  relatively  wide  areas,  it 
will  tend  to  distribute  industrial  oppor- 
tunities over  a  greater  portion  of  the  country, 
with  consequent  incalculable  advantage  to 
our  economic  well-being  and  our  national 
unity. 

7.  The  development  of  such  a  power 
supply  system  requires  large  scale  handling 
and  presents  a  critical  financing  problem.  It 
will  require  the  most  thorough  co-operation 
of  the  numerous  diverse  interests  involved. 
Progress  will  be  greatly  facilitated  by  the 
support  of  enlightened  public  interest. 


Designs  of  Large  Vertical  Alternating-current 
Waterwheel-driven  Generators 

By  M.  C.  Olson 
Alternatinc.  Ci  rrent  Engineering  Department,  General  Electric  Cumpanv 

The  aulhor  calls  attention  to  some  of  the  special  features  that  have  to  be  considered  in  the  mechanical  and 
electrical  design  of  large  hydro-electric  generators.  Such  machines  are  being  constructed  in  sizes  up  to  32,500 
kv-a.  capacity  and  there  seems  to  be  no  insurmountable  difficulty  in  building  much  larger  units  should  occasion 
demand. — Editor. 


The  speed  of  waterwheel-driven  generators 
varies  over  a  wide  range,  the  head  of  water 
available  being  the  chief  factor  in  determining 
the  speed  and  consequently  the  diameter  of  a 
machine  for  a  given  capacity. 

We  are  limited  in  peripheral  speeds  with 
otir  ]3resent  material ;  so  if  we  wish  to  secure  a 
sufficient  margin  of  safety  in  design  at  the 
nm-away  speed,  machines  of  larger  capacities 
and  high  speeds  inherently  become  very  long 
in  the  direction  of  the  shaft.  The  rotor 
becomes  much  more  difficult  to  construct 
than  rotors  of  lower  speeds. 

The  range  of  speeds  of  larger  waterwheel- 
driven  generators  varies  approximately  from 
50  to  750  r.p.m.  This  extreme  variation  in 
speed  necessitates  different  designs  in  which 
the  construction  of  the  stator  and  rotor  differ 
greatly,  and  in  which  special  provisions  for 
ventilation  must  be  made  for  the  various 
designs.  ' 

For  slow  speed  machines  the  question  of 
stresses,  as  far  as  the  rotor  is  concerned,  is 
not  very  difficult;  but  slow  speed  machines 
become  very  large  in  diameter,  which  requires 
both  stator  and  rotor  to  be  so  designed  that 
the  parts  will  come  within  the '  allowable 
weights  and  dimensions  that  can  be  handled 
and  transported. 

In  some  cases  the  flywheel  effect,  or  WR-, 
demanded  by  the  waterwheel  makers,  in 
order  to  obtain  certain  required  speed  regu- 
lations, compels  the  generator  builders  to 
go  to  larger  diameters  and  more  expensive 
machines  to  meet  this  requirement. 

Fig.  1  shows  a  sectional  view  of  a  generator 
of  moderate  speed.  It  is  a  14,0(30-kv-a., 
ll,250-kw.,  O.S  p-f.,  3-phase,  50-cycle,  6«00- 
volt,  375-r.p.m.  machine.  Two  such  machines 
were  built  for  the  Ebro  Irrigation  Co.,  Spain. 

The  special  requirement  here  was  low 
temperature  guarantees,  such  as  9000-kw., 
1.0  p-f.,  30-deg.  rise;  9000-kw.,  O.S  p-f.,  or 
ll,250-k\^-a.,  35-deg.  rise  and  11,250-kw., 
0.8  p-f.,  40-deg.  rise,  all  temperattire  rises 
being  measured  by  thermometer  or  by  tem- 


perature coils.  It  is  seldom  that  the  cus- 
tomer's specifications  request  such  low  tem- 
perature guarantees  as  30  deg.  C.  rise,  and 
there  seems  to  be  no  reason  why  such  guar- 


Fig.  1.     Cross  Section  of  Vertical  Type  Alternating- 
current  Waterwheel-driven  Generator.  16  Poles, 
14,600  Kv-a.,  375  R.P  M.,  6600  Volts 
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antees,  which  are  very  difficult  to  meet,  should 
be  called  for,  as  the  customer  is  primarily 
interested  in  the  safe  operation  of  the  machine 
at  the  maximum  guaranteed  load. 

The  machine  is  furnished  with  base,  shaft, 
two  guide  bearings  and  direct  connected  ex- 


Fig.  2.     Stator  of  Waterwheel-driven  Generator 
shown  in  Fig.  1 

citer.  A  General  Electric  spring  thrust  bear- 
ing is  located  at  the  top  for  supporting  the  total 
revolving  element,  which  amounts  to  240,000 
lb.  ^  Of  this,  130,000  lb.  is  the  weight  of  the 
turbine  runner  and  water  thrust. 

On  account  of  the  maximum  shipping 
weight  of  50,000  lb.  and  limitations  as  to 
dimensions,  the  stator  was  made  in  two  parts, 
the  base  in  two  parts,  and  rotor  field  spider 
in  four  sections. 

Stator 

One  half  of  the  stator  or  armature,  with 
its  punchings  and  windings,  is  shown  in 
Fig.  2. 

The  armature  punchings  are  securely 
dovetailed  and  clamped  in  the  stator  frame, 
the  lower  clamping  flange  being  cast  as  part 
of  the  stator,  while  the  upper  flange  consists 
of  a  number  of  rigid  steel  castings.  The  air 
ducts  for  ventilation  can  be  seen  at  regular 
intervals  in  the  armature  core. 

The  armature  winding  is  of  the  distributed 
type,  all  the  coils  being  alike.  The  distribu- 
tion is  such  as  to  reduce  the  higher  harmonic 
voltages  to  a  minimum,  to  facilitate  radiation, 
and  to  equalize  the  temperature  in  the  wind- 
ings resulting  from  the  copper  losses.  The 
armature  windings  are  equipped  with  im- 
bedded temperature  coils  located  throughout 
the  different  parts  of  the  winding.  By  means 
of  suitable  instruments  it  is  possible  to 
determine  the  internal  temperatures  of  the 
windings  while  in  operation.     The  tempera- 


ture coils  located  in  the  center  of  the  core 
and  in  immediate  contact  between  the  coils 
have  been  found  by  experience  to  show  the 
highest  temperatures 

The  projecting  ends  of  the  coils  are  mechan- 
ically braced  by  means  of  insulated  steel 
ring  binding  bands,  rigidly  attached  to  the 
stator  frame.  The  individual  coils  are  firmly 
laced  to  these  binding  bands.  This  con- 
struction will  prevent  the  distortion  of  the 
coils  due  to  the  heavy  mechanical  stresses 
resulting  from  short  circuits. 


The  complete  rotor  is  shown  in  Fig.  3.  The 
rotor  spider  consists  of  four  solid  cast  steel 
wheels  keyed  to  the  shaft  and  bolted  together. 
The  pole  pieces  are  made  up  of  laminations 
riveted  together  and  fastened  to  the  spider 
by  means  of  two  "T"  dovetails.  The  field 
winding  consists  of  copper  strip  wound  edge- 
wise; and  as  the  outer  edge  of  the  copper 
is  exposed  to  the  air,  very  effective  cooling 
is  obtained.  The  coils  are  clamped  firmly 
between  the  pole  tips  and  the  field  spider  in 
such  a  way  as  to  prevent  distortion  during 
the  maximum  overspeed  condition. 

This  machine  has  one  pole  bracket  between 
the  poles  for  supporting  the  field  winding. 
Between  the  sections  of  the  field  spider  are 
openings  for  air  and  at  each  end  of  rotor  is 
attached  segmental  sheet  iron  fans  for  assist- 


Fig.  3-     Rotor  of  Waterwheel-driven  Generator 
shown  in  Fig.  1 


ing  the  rotor  in  drawing  in  air  for  ventilation. 
These  fans  are  so  designed  as  to  obtain  suffi- 
cient pressure  to  give  the  required  amount  of 
ventilating  air. 

The  lower  bearing  bracket  is  made  of  cast- 
iron  in  one  piece.     In  addition  to  supporting 


DHsicN  oi"  i.ARc.i'  VKKTicAL  A-c,  WA'i'i'RWiii;!;!,  iJkivi':.\  (ii':\i:kA'r()ks  k:j.: 


the  lower  t^'uidi'  lieiuiuK  it  is  so  designed  as  to 
su])])ort  the  total  rotatiii);  element  when  dis- 
manlliii};  the  thrust  heariny;. 

The  ui)i)er  heariiij^  bracket  is  made  of  cast 
steel  in  two  parts.  It  is  sui)i)ortcd  from  the 
amiature  frame  and  carries  the  upper  guide 
bearinj;;,  the  General  lilectric  S]jrin>;-thnist 
bcarinj;,  and  the  direct-connected  exciter. 

In  order  to  obtain  the  ])ro])er  clearance 
between  the  waterwheel  and  the  walerwheel 
casing,  an  adjuslmenl  between  the  upjier 
bearing  bracket  and  the  stator  frame  is  pro- 
vided for  by  means  of  adjusting  bolts. 

To  avoid  the  possibility  of  circulating  cur- 
rents flowing  through  the  shaft  and  bearings, 


the  generator  through  ducts.  The  openings 
or  ducts  for  the  admission  of  this  air  should 
be  of  such  dimensions  that  the  velocity  of  the 
air  entering  the  pit  will  be  ajjitroximately 
10(11)  to  l.JOO  ft.  per  minute. 

The  number  of  cubic  feel  of  air  jjer  minute 
recjuired  for  ventilation  dejjends  upon  the 
losses  of  the  machine.  The  i>olcs,  together 
with  the  fans  at  each  end  of  the  field  spider 
rim,  will  draw  air  in  thrtrngh  the  rotor.  The 
air  is  then  forced  over  the  field  coils  and  poles 
through  the  armature  ducts  and  windings 
and  finally  into  the  stator  frame. 

The  heated  air  in  the  machine  being 
described  then  passes  out  at  the  top  of  the 


Fig.  4.     Equipment  for  High  Speed  Test  on  Generator  shown  in  Fig.  1 


the  upper  bearing  bracket  is  insulated  from 
the  stator  frame. 

The  thrust  bearing  for  supporting  the  total 
revolving  element  is  a  standard  General 
Electric  spring-thrust  bearing,  furnished  with 
copper  cooling  coils  through  which  water  is 
circulated. 

The  amount  of  oil  required  for  the  step 
bearing  with  cooling  coils  is  approximately 
two  gallons  per  minute,  and  for  the  two 
guide  bearings  approximately  three  gallons 
per  minute. 

Ventilation 

The  usual  method  of  ventilating  vertical 
generators  is  to  have  air  enter  the  pit  beneath 


generator  at  the  outer  periphery  of  the  frame, 
the  openings  in  the  stator  frame  as  shown  in 
Fig.  1  having  sheet  iron  covers. 

In  some  cases  the  warm  air  passes  into  the 
room  through  openings  in  the  stator  frame. 
In  other  cases  the  warm  air  is  led  to  the  out- 
side of  the  building  through  sheet  iron  hous- 
ings. 

Overspeed 

All  waterwheel-driven  generators  are  re- 
quired to  be  so  constructed  that  they  wiU 
safely  withstand  the  maximum  run-away 
speed  which  can  be  attained  by  the  water- 
wheels,  which  usually  is  from  1.7  to  2  times 
the  normal  rated  speed. 
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The  maximum  overspeed  for  these  water- 
wheels  is  l.S  times  the  normal  speed.  The 
rotors  were  therefore  tested  at  a  maximum 
speed  of  675  r.p.m. 

Fig.  4  shows  the  equipment  for  making  this 
overspeed  test.      It  consists  of  a  pit  31  ft.  in 


Rotor  of  Waterwheel-driven  Generator 
in  Testing  Pit 


diameter  and  15  ft.  high.  The  rotor  to  be 
tested  is  supported  by  heavy  girders,  upon 
which  is  mounted  a  direct-connected  induction 
motor  for  driving  the  rotor  at  the  proper 
speed. 

Fig.  5  shows  the  assembled  rotor  in  the 
testing  pit. 

The  external  circumference  of  the  rotor 
over  the  poles  was  measured  by  means  of 
a  steel  tape  as  this  is  the  dimension  that 
would  be  changed  most  if  any  bulging  out 
of  the  poles  took  place,  due  to  the  cen- 
trifugal force.  A  careful  measurement  and 
inspection  was  made  after  the  overspeed 
test,  and  was  found  to  be  the  same  as  the 
original  dimension,  which  indicated  that 
there  was  no  distortion  whatever. 

Fig.  6  shows  the  external  appearance  of  the 
largest  capacity  waterwheel-driven  generator 
built.  The  armature  punchings  are  not  as- 
sembled in  the  stator.  It  is  a  32,500-kv-a., 
25-cycle,  150-r.p.m.,  20-pole,  12,000-volt  ma- 


chine. It  was  designed  with  special  reference 
to  high  efficiency  and  all  round  reliability. 

The  temperature  guarantee  at  26,667 
kv-a.,  0.9  p-f.  continuously,  is  45  deg.  meas- 
ured by  a  temperature  coil  in  the  armature 
winding,  and  40  deg.  on  rotor  by  thermometer. 
At  32,500  kv-a.,  0.8  p-f.  continuously,  the 
temperature  guarantee  is  55  deg.  C.  on  the 
armature  winding  by  temperature  coil  and 
55  deg.  by  thermometer  on  the  rotor. 

The  armature  coils  are  insulated  with  class 
B  insulation.  The  reactance  of  the  generator 
is  approximately  20  per  cent.  The  WR^,  or 
flywheel  effect,  is  approximately  12,000,000, 
which  is  normal  for  a  machine  of  this  size  and 
speed. 

The  shaft  has  a  forged  coupling,  and  is 
arranged  for  one  guide  bearing,  and  a 
thrust  bearing  at  the  top  to  support  a 
total  revolving  weight  of  477,000  lb.,  of 
which  150,000  lb.  is  the  weight  and  water 
thrust  of  the  waterwheel  parts.  This  ma- 
chine is  designed  for  a  maximum  runaway 
speed  of  twice  normal  speed. 

In  order  to  facilitate  handling  and  ship- 
ment the  stator  spider  is  split  vertically  in 
four  parts. 

Fig.  7  shows  the  assembled  stator  spider 
on  a  60-ft.  boring  mill,  the  upper  flange 
being  machined  by  one  tool  and  the  lower 
flange  by  another  tool.  The  punchings  and 
windings  will  be  assembled  up  at  destina- 
tion. 

The  armature  winding  consists  of  a  standard 
barrel  type  winding,  with  two  coils  per  slot. 
The  windings  have  imbedded  temperature 
coils  located  throughout  the  different  parts 
for  indicating  the  temperatures.  The  external 
insulation  of  the  coils  and  the  turn  insulation 
consists  of  mica  tape.  The  projecting  ends 
of  the  winding  at  both  the  top  and  bottom 
are  supported  by  two  insulated  steel  rings 
carried  by  brackets  attached  to  the  stator 
spider.  The  individual  coils  are  firmly  laced 
to  the  supporting  bands. 

The  core  of  the  armature  is  built  up  of  the 
best  grade  of  0.014  silicon  steel  sheet,  and  is 
so  treated  as  to  keep  core  losses  a  minimum. 

Rotor 

The  field  spider  is  shown  in  Fig.  8.  It 
consists  of  six  cast  steel  wheels  with  spaces 
between  for  the  flow  of  air  for  cooling.  These 
wheels  are  rabbeted  together  at  the  hub  in 
addition  to  being  held  together  by  bolts 
through  the  arms.  The  figure  shows  two 
milling  machines  cutting  dovetails  at  diamet- 
rically opposite  points. 
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It  is  very  cssciilial  lliat  nliahk-  caslin>;s  ho 
ohlaiiK'd  for  Iho  roliir  (if  waUTwhci'l-drivcii 
^;;(.MU'rators  in  onlor  to  wilhslatul  Ihc  strcssL's 
occasioned  by  the  overspeed  rcciiiiremenl. 

The  poles  are  attaclied  to  the  field  rim  liy 
means  of  two  "T"  dovetails.  The  field  wind- 
ing is  of  copper  strij)  firmh'  supi)orted  between 
l>oles  by  means  of  su])porlin{j  brackets. 


till'  i)it  undenicalh  the  generator,  and  to 
cxhansl ;  through  ventilating^  holes  in  the 
slalor  s])ider  into  a  sheet  iron  casing  sui*- 
Ijlicd  by  the  customer.  This  casing  will 
surround  the  machine  and  will  conduct  the 
air  into  an  exhaust  chamber  under  the  operat- 
ing gallery,  then  to  the  outer  air  or  dynamo 
room  as  desired. 


Tn  ^  r  n  r 
Tn  11  f  n  r 


"  IM  "  w 


Photograph  of  the  32,500-kv-a.  Waterwheel-driven  Generator  for  the 
Niagara  Falls  Power  Company 


The  brakes  for  stopping  the  rotor  will  act 
against  the  lower  section  of  the  field  spider 
rim  and  in  this  case  will  be  furnished  by  the 
waterwheel  builder. 

The  upper  bearing  bracket  which  supports 
the  thrust  bearing  and  carries  the  guide  bear- 
ing is  made  of  cast  steel  in  halves,  with  eight 
arms. 

Ventilation 

The  machine  is  arranged  to  take  in  air  from 
the  dynamo  room,  both  at  the  top  and  from 


Provision  will  be  -made  in  the  chamber 
underneath  the  gallery  for  an  exhaust  fan, 
which  may  be  required  to  insure  a  suffi- 
cient flow  of  air  during  all  conditions  of 
weather. 

To  the  upper  and  lower  rim  of  the  rotor 
spider  suitable  fans  are  attached  to  assist  the 
poles  in  the  proper  circulation  of  air  for 
ventilation.  The  housing  to  serve  as  bafflers 
is  arranged  at  the  top  and  bottom,  and  is  so 
designed  as  to  minimize  eddies  arid  to  prevent 
the  return  of  the  air. 
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Im^s.  !i  and  1(1  show  the  statur  spidi'V  of 
the  largest  (lianu'UT  and  lowest  spcod  watcr- 
whi.'t'1-drivcn  jjonerator  ever  hiiill.  1 1  is  a 
U),UlH)-kv-a.,  0.7.')-i)-f.,  .V).()-r.]).m.,  (KIOD-voll, 
]3{)-iiolc  machine,  with  a  temperalure  rise  of 
■1")  dcp.  C,  and  will  stand  a  2.")  i)er  cent  over- 
load for  two  hours  without  injury.  In  one 
of  our  illustrations  four  sloltinj;  machines 
are  at  work  at  one  time,  while  in  the  other 
four  ^milling  machines  are  operating;  at  the 
same  time. 

The  stator  is  cast  in  four  parts  and  bolted 
together.     The  outside  diameter  is  approxi- 


matelv  ••'{S    ft.    while    llie    height    is    about 
:{  ft. 

V'n^.  1 1  shows  the  rotor  for  this  machine 
It  consists  of  a  split  cast-iron  center  of  twelve 
arms  and  a  rim  made  of  cast  steel  in  four 
])arts  firmly  keyed  together.  The  poles  are 
attached  to  the  rim  by  means  of  bolts. 

Ten  of  these  machines  were  built  on  the 
f)riginal  order  and  two  on  a  subsequent  order. 

The  last  two  machines  have  General  Elec- 
tric spring-thrust  bearings  for  su]>iKjrting 
the  total  revolving  element,  which  amounts 
to  550,000  lb. 


Fig.   11.      Rotcr  Spider  of  lU,000-kv-a.  Waterwheel-driven  Generator 
Ready  for  Boring  and  Turning  Operation 
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Spring  Thrust  Bearings  and  Cooling  Coils  on  the 

Large  Vertical  Generators  at  Cedars  Rapids 

Pov^er  Station 

By  T.  W.  Gordon 
Altern.\ting  Current  Engineering  Department,  Gener.\l  Electric  Company 

For  many  years  one  of  the  limiting  features  of  large  vertical  machines  was  the  need  of  a  simple  thrust 
bearing.  We  now  have  such  a  bearing.  The  author  takes  a  specific  case  and  describes  the  bearings  as  installed, 
bringing  out  the  requirements  that  must  be  met  in  the  design  of  such  bearings  and  telling  of  their  successful 
operation.  The  bearings  described  have  now  been  in  operation  for  a  sufficient  length  of  time  to  demonstrate 
their  success. — Editor. 


The  combination  of  great  weight  with  very 
low  speed  imposes  especially  severe  condi- 
tion on  the  thrust  bearing  supporting  the 
rotating  element  on  the  10,000-kv-a.,  55.6- 
r.p.m.  vertical  shaft  hydro-electric  generating 
units  at  the  Cedars  Rapids  Power  Station  of 
the  Montreal  Heat,  Light  &  Power  Co.  Two 
critical  periods  occur  in  the  operation  of  low 
speed  bearings:  First,  in  starting,  as  most 
of  the  oil  has  been  squeezed  out  while  at 
rest,  and  second,  in  shutting  down,  when,  on 
account  of  the  higher  temperature  of  the 
oil  and  bearing  parts,  the  oil  film  cannot  be 
maintained  for  the  last  few  revolutions. 
In  machines  of  this  size,  on  which  the  thrust 
bearing  encircles  the  shaft,  the  bearing  surface 
is  a  considerable  distance  from,  the  center  of 
the  shaft.  With  this  undesirable,  but  equally 
unavoidable  construction,  it  is  quite  evident 
that  a  very  slight  departure  from  a  perfect 
alignment  will  tend  to  shift  most  of  the  load 
to  one  side  of  the  thrust  bearing,  and  result 
in  an  extremely  high  local  pressure. 

The  critical  condition,  due  to  slow  starting 
and  stopping,  is  made  worse  by  increased 
local  pressures,  and  a  combination  of  low 
speed  and  very  high  pressure  is  liable  to  cause 
injury  to  the  bearing.  The  last  two  units 
installed  at  Cedars  Rapids  have  thrust  bear- 
ings with  flexible  supports  which  eliminate 
the  danger  due  to  high  pressure  on  a  small 
part  of  the  bearing  by  providing  for  an  equal 
distribution  of  the  load  at  all  times. 

Another  unique  feature  in  the  installation 
of  the  last  two  generators  in  this  station  is 
the  use  of  water  cooling  coils  in  the  oil  bath 
surrounding  the  thrust  bearings.  For  the 
proper  lubrication  of  a  thrust  bearing,  the 
only  requirement  is  a  bath  of  clean  oil,  from 
which  the  heat  is  being  removed  as  fast  as  it 
is  generated  in  the  bearing.  Until  recently 
it  has  been  customary  to  continuously  circu- 
late a  large  quantity  of  oil  from  a  central 
station  system  to  the  thrust  bearing  housing, 
to  carry  off  the  heat.     This  method  requires 


large  pipes,  oil  pumps,  filters,  and  often  water 
cooling  pipes  at  some  point  in  the  system. 
The  logical  and  most  economical  way  to  get 
rid  of  the  heat  is  to  abstract  it  from  the  oil 
in  the  thrust  bearing  housing.  It  is  then  only 
necessary  to  supply  enough  filtered  oil  to  keep 


Fig.  1.      Parts  of  Spring  Thrust  Bearing  un  foreground)  to 
Support    Lead    of    550.000   lbs.   on  ATB-136-pole, 
10,000-kv-a.,  55.6-r.p.m.,  6600-volt  Gen- 
erator, Cedars  Rapids  Power  Station 

the  oil  bath  in  good  condition.  In  the  case 
of  certain  large  high  speed  generators  the 
quantity  of  oil  for  the  thrust  bearing  can  be 
reduced  from  around  50  gallons  per  minute 
to  three  gallons  for  each  generator. 

Fig.  1  is  a  photograph  taken  at  the  Cedars 
Rapids  Power  Station  on  the  St.  Lawrence 
river  during  the  erection,  in  1918,  of  the 
eleventh  and  twelfth  generators,  which,  as 
stated  above,  were  ftirnished  with  spring- 
thrust  bearings  and  cooling  coils.  In  physical 
dim.ensions  these  generators  are  the  largest 
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ill  siTviiT,  having  an  nutsiik'  dianu'trr  of  '.\7 
ft.,  1  in.  'Plu'  \vi'i^;ht  of  the  rotating,'  purls 
of  llu'  ^'cncrator  and  tlu-  tiirhinc,  toj^etlKT 
willi  the  downward  prcssm'o  of  the  wafer  on 
the  runner,  is  550, ()()()  lb.  The  Ihrust  hearing 
is  located  in  the  hell-shajied  housing  at  the 
top  of  the  generator  aeeording  to  the  ])resent 
practice  in  the  design  of  stations  having 
\-ertieal  shaft  hydrauhc  turbines.  In  the 
foreground  is  the  base  ring  of  the  thrust 
liearing  with  some  springs  assembled  on  the 
center-pins  which  hold  them  in  place.  The 
large  tube  in  the  center,  which  projects  above 
the  level  of  the  oil  bath,  is  fastened  to  the 
base  ring,  and  forms  the  inside  annular  wall 
of  the  oil  housing.  The  springs,  Fig.  2, 
are  two  inches  on  the  outside  diameter  by 
one  and  a  half  inches  high,  and  308  of  them 
are  used  in  these  bearings  under  a  load  of 
1.500  lb.  each. 

Fig.  3  shows  the  bearing  and  cooling  coils 
assembled  in  place  on  top  of  the  generator. 
The  distinctive  feature  of  this  type  of  bearing 
is  the  comparatively  thin  babbitted  stationary 
hearing  ring,  resting  on  springs.  This  ring 
is  a  steel  plate  with  a  babbitted  bearing  sur- 
face, 5(i  inches  outside  diameter,  28  inches 


collar  or  driver  above,  which  in  turn  is  keyed 
to  the  shaft.  This  ring  is  made  of  a  special 
giade  of  iron  and  the  rubbing  surface  is 
ground  and  i)olished  t<j  a  high  degree.  The 
rotating  surface  of  the  bearing  has  six  large 
oil  grooves  which  produce  a  raj)id  circulation 


Fig.  3.     Spring  Thrust  Bearing  and  Cooling  Coils  to  Support  : 
550,000  Lbs..  Cedars  Rapids  Power  Station 

inside  diameter  and  two  inches  thick.  There 
is  a  saw-cut  through  one  oil  groove  to  prevent 
any  tendency  of  the  ring  to  dish  with  changes 
in  tem])erature.  It  is  held  in  place  by  two 
heavy  dowel  pins  mounted  in  the  base  ring. 
The   rotating    ring   is    bolted    to    the    thrust 


Fig.  2.     Springs  Used  in  Spring  Supported  Thrust  Bearing, 
niustration  about  actual  size 

of  oil  across  the  babbitt.  At  55  r.p.m.  every 
portion  of  the  babbitted  surface  is  washed 
by  a  stream  of  cool  oil,  flowing  at  high  radial 
velocity,  five  and  one  half  times 
per  second.  The  bearing  is  im- 
mersed in  a  bath  of  filtered  oil  to 
a  level  about  three  inches  above 
the  rubbing  surface. 

The  design  of  this  spring  thrust 
bearing  is  based  on  the  idea  of  pro- 
viding one  bearing  surface  which 
is  so  yielding,  flexible  and  elastic 
that  it  automatically  adjusts  itself, 
while  in  operation,  to  any  tendency 
toward  unequal  distribution  of  the 
load,  due  to  inaccuracies  in  work- 
manship or  alignment.  On  large 
generators  the  machining  cannot 
be  as  accurate  as  on  small  units, 
hence  there  is  an  added  advantage 
in  having  a  flexible  support  for  the 
thrust  bearing.  The  babbitted 
surface  of  a  spring  thrust  bearing 
is  given  a  good  machine  tool  finish 
at  the  factory,  and  ordinarily  does 
not  require  any  "scraping"  by 
'^"^  hand,    or   other    special   attention 

when  put  in  service. 
Fig.  4  is  a  photograph  of  one  of  the  bab- 
bitted surfaces  at  Cedars  Rapids  after  the 
first  run  of  ten  hours.  This  surface  was 
finished  at  the  factory  in  the  usual  way,  as 
just  stated.  The  rubbing  marks  indicate  that 
the  load  was  well  distributed  over  the  entire 
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surface.  The  fine  radial  lines  are  tool  marks 
presumably  due  to  a  faulty  tooth  in  the  driv- 
ing gears  of  the  boring  mill  at  the  factory  on 
which  this  part  was  machined.  These  fine 
ridges  were  too  small  to  be  noticed  until 
after  the  bearing  had  been  run,  and  then  were 


Babbitted  Surface  of  Spring  Thrust  Bearing  After 
Initial  Run,  Cedars  Rapids  Power  Station 


discernible  only  by  the  reflections  in  a  good 
light.  The  tops  of  the  ridges  were  evidently 
flattened  and  polished  while  the  unit  was 
starting  and  stopping,  when  the  speed  of  the 
bearing  is  too  low  to  maintain  a  perfect  oil 
film  between  the  rubbing  surfaces.  The 
babbitt  was  not  wiped  at  all,  and  the  bearing 
was  placed  in  commercial  service  without 
further  attention. 

Specifications  for  the  thrust  bearings  and 
cooling  coils  at  Cedars  Rapids  contain,  in 
part,  the  following  requirements: 

The  bearing  shall  be  capable  of  sustaining 
a  maximum  load*  of  600,000  lb.  continuously 
without  injury  at  a  normal  speed  of  55.6 
r.p.m.;  the  temperature  of  the  oil  is  not  to 
exceed  45  deg.  C,  when  water  is  supplied 
at  25  deg.  C.  It  shall  also  be  capalDle  of 
operating  without  injury  at  a  maximum  run- 
away speed  not  exceeding  111  r.p.m.  for  a 
space  of  one  hour,  and  the  oil  temperature  is 
not  to  exceed  55  deg.  C.  under  these  con- 
ditions. The  bearing  shall  be  capable  of 
starting  from  rest,  and  stopping  as  often  as 
required  by  service  conditions,  or  operate  at 
a  speed  of  10  r.p.m.  for  one  hour,  without 
injury.  The  bearing  shall  also  be  capable  of 
suffering  no  injury  from  an  interruption  of 
the  water  circulation  for  half  an  hour  while 
operating  under  otherwise  normal  conditions, 
or  for  the  space  of  20  minutes  at  an  over-speed 
not  exceeding  83  r.p.m. 


Fig  .5.     Babbitted  Surface  of  Spring  Thrust  Bearing  After  First  Ten  Hours  Operation,  showing  fine  radial 
lines  not  visible  before  the  run  and  presumably  due  to  machining  at  the  factory 
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Concrete  Parts  for  Generators 

Hy  C.  M.  Hackktt 

POWKR   AND   MlNlNC.   IJnCI  NKKUI  N(;    I  )i;i'A  KTMliN  T,  (IkNKKAI,    1vI.1'.<    IKIC   ('oMlVWV 

llu'  ili\  lUipnu'iit  of  our  laiKo  liyclro-i-Ii'Olric  projicls  ri'(|uiri'S  llu-  ct'onoinical  use  of  materials  and  rnanu- 
faoliirinj;  faiililios  in  llu-  coiistriu-lion  of  the  oU'ctrical  i'<|ui|)iiun(.  Some  of  the  lar^e  alternating  current  gen- 
erators reiiuire  stalor  frame  and  liearin^  siiijport  castings  of  enormous  size,  that  lax  manufacturing  and  shipping 
facilities  as  well  as  add  considerable  exi)ense  to  the  etiuipment.  The  author  points  out  that  the  use  of  concrete 
may  offer  a  solution  to  these  problems  in  certain  cases  and  calls  attention  to  some  of  the  possible  uses  of  con- 
crete in  the  construction  of  these  large  units,  setting  forth  some  of  the  special  features  to  be  looked  after  in  the 
design  and  installation.  Should  \vc  come  to  the  use  of  outdoor  generators  in  some  of  our  large  developments 
such  construction  would  show  many  advantages.  —  Editor. 


The  manufacture  of  reinforced  concrete  may 
now  be  regarded  as  having  reached  the  scien- 
tific stage.  Hajihazard  methods  will  doubtless 
continue  to  be  used  in  the  selection  of  materials 
and  in  the  manner  of  mixing  for  many  kinds 
of  work,  but  it  is  possible  with  our  present 
knowledge  of  aggregates,  cement,  water  and 
the  methods  of  combining  thein,  to  get  not 
only  uniform  strength  in  all  parts  of  a  con- 
crete structure  of  large  size  and  mass,  but,  also, 
to  produce  duplicates  of  that  structure  in 
any  quantity  desired.  This  progress,  com- 
bined with  the  great  strength  of  the  finished 
product,  has  led  to  the  adoptioti  of  concrete 
for  various  classes  of  work  where  metal  has 
heretofore  been  regarded  as  the  only  suitable 
material. 

There  are  two  parts  of  large  size,  low  speed, 
vertical  shaft  generators  usually  made  of 
steel  or  iron  that  can  with  advantage  be  made 
of  reinforced  concrete,  namely,  the  stator 
frame  and  thrust  bearing  support. 

The  use  of  concrete  instead  of  metal  for 
these  parts  does  not  involve  any  iiroblems  of 
stability  or  strength  that  cannot  be  readily 
solved  by  care  in  design  and  construction; 
and,  provided  technical  and  practical  knowl- 


whenrecircii/ot/on 
is  c/esired. 


Fig.  1.      Elevation  of  Generating  Unit 

edge  of  conditions  to  be  met  are  kept  in  mind 
when  carrying  out  the  work,  the  chances  of 
trouble  developing  are  no  greater  than  with 
all-metal  machines. 

The  concrete  stator  frame  will ,  in  most  cases, 
be  combined  with  the  power  ])lant  structure. 


If  a  house  is  to  be  built  over  the  gener- 
ators, the  stator  will  likely  be  nearly,  if  not 
com]jletely,  below  the  floor  level;  but,  if  the 
machines  are  to  be  of  the  out-of-door  type, 
then  it  will  generally  consist  of  a  cylinder  be- 
tween the  operating  floor  and  upper  deck  or 


Fig.  2.     Plan  of  Bridge 

platform,  extending  somewhat  above  the  lat- 
ler,  and  will  be  an  important  part  of  the  sup- 
port for  that  deck  as  well  as  a  means  of  carry- 
ing the  load  imposed  by  the  thrust  bearing. 

The  main  points  to  be  considered  in  the  de- 
sign of  the  stator  frame  are  ample  cross  sec- 
tion for  carrying  load,  and  reinforcement  so 
placed  as  to  distribute  the  stresses  produced 
by  short  circuits  and  unbalancing. 

The  admission  of  air  to  the  machine,  as  well 
as  its  discharge  after  having  passed  through 
the  windings,  will  also  form  a  feature  of  the  de- 
sign, and  in  case  generators  are  of  the  out-of- 
door  type,  and  recirculation  of  air  is  necessary 
during  a  portion  of  the  year,  outlet  ports  and 
dampers  for  air  control  will  be  required  in 
the  stator  as  well  as  in  thrust  bearing  sup- 
porting structure,  so  that  the  discharge  of  air 
from  the  machine  can  be  regulated  according 
to  temperature  conditions. 

The  securing  of  the  stator  laminations  and 
windings  to  the  concrete  can  be  accomplished 
either  by  anchor  bolts,  spaced  and  arranged 
to  support  and  adjust  the  clamps  which  hold 
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the  laminations,  or  by  the  use  of  a  skeleton  ring, 
cast  in  sections  and  machined  to  the  proper 
form  and  dimensions.  If  a  ring  is  used  it  will 
rest  on  a  shoulder  formed  in  the  concrete  and 
will  be  bolted  and  grouted  in  place  after  the 
final  adjustment  of  the  rotor  has  been  made. 


Fig.  3.      General  Section  of  Generating  Unit 

When  the  bolt  type  of  support  is  adopted,  the 
placing  of  the  stator  laminations  and  windings 
must  be  done  at  the  power  plant.  They  may 
be  put  in  either  at  the  factory  or  at  the  plant 
if  the  skeleton  ring  is  used. 

The  taking  off  of  leads,  the  shrouding  to 
control  the  direction  of  air,  and  the  placing  of 
vanes  for  driving  it  will  be  approximately 
along  the  same  general  lines  as  for  an  "all 
metal"  machine.  Also,  the  arrangements  for 
braking  and  lifting  the  rotor  will  contain  no 
novel  features. 

The  bracket  or  bridge  for  supporting  the 
thrust  bearing  may  consist  of  a  heavy  floor 
or  cover  with  deep  girders  rising  from  it,  or 
the  girders  may  extend  below  the  floor  in 
truss  form. 

In  designing  this  part,  the  following  points 
should  be  carefully  considered ; 

The  reinforcing  steel  should  be  of  a  high 
grade,  viz.,  equal  to  the  best  structural  steel. 

In  placing  the  steel,  the  heavy,  or  primary, 
bars  should  be  located  so  that  they  carry  the 
load  to  the  best  advantage  while  the  lighter  or 
secondary  reinforcing  should  be  so  placed 
that  there  is  no  portion  of  the  concrete  that  is 
not  effective,  not  only  for  supporting  the  load, 


but  for  distributing  and  absorbing  vibration. 
To  meet  this  latter  condition,  a  massive  struc- 
ture is  desirable. 

To  facilitate  handling,  eye  bolts  or  tapped 
sockets,  into  which  eye  bolts  can  be  turned, 
should  be  so  placed  that  they  are  well  tied 
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Fig.  4.     Section  Through  Stator  and  Bridge 

into  the  primary  reinforcing,  and  cause  the 
structure  to  be  held  level  when  being  lifted. 

The  bearing  plates  may  be  formed  of  steel 
plate  if  no  adjusting  of  the  position  of  bridge 
is  to  be  made  by  them,  but  in  case  such  ad- 
justment is  desired,  then  flanged  castings, 
strongly  anchored  to  the  stator  and  bridge, 
with  the  necessary  adjusting  screws  and  al- 
lowance for  the  desired  movement,  will  be  re- 
quired. 

The  simplest  method  of  adjusting  thrust 
and  guide  bearing  housings  will  be  by  wedg- 
ing and  shimming,  and  to  seam  them  in  place 
after  rotor  is  accurately  centered.  They 
should  be  so  designed  as  to  permit  the  pour- 
ing of  grout  into  all  open  spaces  between 
castings  and  concrete  structure  before  anchor 


f*Ian  Section  of  Stator  showing 
Openings  for  Air  Discharge 

bolts  are  tightened.  If  desired,  the  guide 
bearing  housing  can  easily  be  designed  to 
allow  for  a  small  adjustment  of  that  portion 
which  holds  the  bearing  shell  and  in  this  way 
make  it  possible  to  correct  any  inequality  in 
the  air  gap. 


coxcRi:  ri:  parts  i-or  c.ic.nI'RATors 
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The  bolts  for  hoUliiij;  tlu'  l)oarinj^  plates  in 
position  may  be  moulded  directly  into  the 
concrete,  but  if  anchor  bolts  are  to  be  used  for 
hoklinj;  the  bridjje  to  the  stator,  properly 
locatetl  tubes  of  sufficient  size  to  allow  the 
bolts  sonie  jilay  shmild  be  moulded  into  the 
structure.  It  should  be  possible  to  remove 
anchor  bolts  from  both  the  bridge  and  stator 
when  the  brid};e  is  to  be  lifted. 

Only  tlie  vertical  type  of  machine  has  been 
considered  in  the  forej:;oin};,  but  it  is  also  prac- 
tical to  build  stator  frames  of  concrete  for 
large  size  horizontal  shaft  machines,  using 
either  a  solid  or  split  ring  as  may  be  desired. 
The  housing  or  weather  protection  of  such 
machines,  if  of  the  out-of-door  type,  can  also 
be  conveniently  made  of  concrete,  and  pro- 
visions can  be  made  for  handling  the  sections 
of  the  housing  if  at  any  time  it  is  necessary  to 
do  anything  in  the  way  of  repairs  on  the  wind- 
ings. 


The  economies  to  be  found  in  the  substitu- 
tion of  concrete  for  metal  for  i)arts  of  genera- 
tors lie  chiefly  in  the  lower  cost  of  materials 
and  labor,  reduction  in  shop  exjiensos,  and 
the  saving  in  freight  and  handling  charges. 
To  these  may  l)e  added  a  considerable  saving 
in  the  cost  of  weather  protection,  if  the  gener- 
ators arc  to  be  of  the  out-of-door  type,  since 
the  concrete  bridge  structure  can  be  water- 
proofed at  a  small  cost,  and  its  general  design 
makes  the  effective  protection  of  all  joints  and 
openings  a  simi)le  matter. 

A  study  of  the  advantages  of  the  use  of  con- 
crete in  the  construction  of  generators  in- 
dicates that  its  special  field  lies  with  machines 
of  large  size.  Just  how  far  down  the  scale 
of  sizes  it  is  likely  to  show  a  gain  over  metal, 
can  only  be  determined  by  time  and  experi- 
ence. The  indications  are,  however,  that  it 
will  prove  practical  and  economical  in  a  fairly 
large  field. 
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Automatic  and  Remote  Control  Generating  Stations 

By  A.  G.  Darling 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

Experience  has  amply  demonstrated  the  feasibility  and  economy  of  automatic  substations,  and  thoiigh 
actual  operating  data  are  somewhat  more  meagre,  the  automatic  generating  station  has  proven  its  right  to  a 
recognized  place  in  the  industry.  The  author  discusses  various  means  whereby  the  automatic  generating 
station  may  be  controlled,  depending  upon  the  conditions  surrounding  the  installation  and  the  objects  to  be  ac- 
complished. It  is  quite  probable  that  the  next  few  years  will  see  a  large  number  of  these  automatic  and  semi- 
automatic generating  stations  in  operation,  and  the  additional  energy  which  is  thus  rendered  economically 
available  should  be  an  important  factor  in  our  industrial  life. — Editor. 


Rising  labor  costs,  together  with  lower 
grades  of  labor  available  for  central  station 
service,  have  caused  the  present  day  demand 
for  devices  that  will  insure  successful  opera- 
tion and  reduced  labor  costs. 

One  phase  of  this  demand  has  been  met 
by  automatic  equipment  successfully  ap- 
plied to  hydro-electric  generating  stations. 
The  most  striking  example  of  this  application 
is  the  generating  station  of  the  Iowa  Railway 
and  Light  Company  at  Cedar  Rapids,  Iowa, 
which-  has  been  in  successful  operation  for 
over  a  year  and  a  half.*  The  Drop  plant  of 
the  Pacific  Power  and  Light  Co.  in  the 
Naches  Valley  is  another  prominent  example 
of  attendantless  operation. 

Full  Automatic  vs.  Remote  Control 

Without  regard  to  the  size  of  the  plant  and 
its  component  parts,  there  are  two  distinct 
types  of  control  to  be  considered  as  offering 
distinct  advantages. 

When  the  proposed  plant  is  located  so  far 
from  any  attendant  that  it  must  perform  its 
functions  with  its  own  brain  power,  then  the 
full  automatic  control  is  an  essential  feature. 
But  when,  for  example,  it  is  convenient  to  run 
control  wires  for  adjusting  the  gate  openings 
from  zero  to  full  gate,  there  may  be  an 
economy  in  remote  control  of  water  and 
equipment  which  will  not  be  offset  by  the  cost 
of  pilot  wires.  Other  features  of  the  full 
automatic  plant  are  quite  as  likely  to  be  a 
detriment,  in  such  cases,  as  they  are  an  ad- 
vantage in  other  cases. 

Size  of  Plant 

Technically,  there  is  no  limit  to  the  size  of 
plant  to  which  automatic  control  may  be  ap- 
plied. But  with  increasing  capacity,  the 
labor  item  per  kv-a.  installed  decreases  to  such 
a  point  that  it  will  equal  the  fixed  charges  on 
the  investment  in  automatic  features.  While 
plants  with  automatic  features  have  operated 
for  weeks  at  a  time  without  the  doors  being 
unlocked,  yet  practically,  the  superintendent 

the  A.LE.E.  proceed- 


who  does  not  periodically  inspect  his  appa- 
ratus, of  whatever  character,  may  expect  to  be 
shut  down  for  repairs  occasionally  when  he 
finds  it  least  convenient.  It  is  considered 
good  practice  to  have  a  watchman  inspect  ap- 
paratus of  this  character  at  least  once  a  week, 
and  in  plants  of  several  units  where  consider- 
able sums  of  money  are  involved,  a  watchman 
of  no  special  electrical  or  mechanical  ability 
would  not  burden  the  operating  charges. 
Automatic  equipments  for  plants  of  16,000  kw. 
capacity  have  been  planned  and  proposed. 

The  Field  of  the  Attendantless  Generating  Station 

Many  low  head  sites  are  undeveloped  be- 
cause the  labor  items  added  to  the  large 
initial  costs  make  the  installation  uneconomi- 
cal. But  when  automatic  features  can  be 
paid  for  by  the  saving  in  labor  in  from  one  to 
four  years'  time,  and  thereafter  result  in  clear 
gain,  some  of  these  sites  prove  to  be  money- 
making  developments.  It  will  frequently  be 
found  that  such  sites  lie  in  close  proximity  to 
main  generating  stations  where  attendants 
are  required.  Therein  lie  fertile  fields  for  re- 
mote control  features  which  make  it  possible 
to  utilize  waste  water  and  economize  stored 
water. 

Small  power  sites,  which  by  themselves, 
would  not  be  considered  feasible,  yield  very 
readily  to  automatic  apparatus  when  tied  in 
with  larger  systems.  The  high  head  site  with 
accompanying  high  speed  waterwheels  makes 
an  ideal  application  of  the  induction  genera- 
tor with  its  smaller  number  of  auxiliaries, 
provided  there  is  sufficient  magnetizing  cur- 
rent in  the  system  to  excite  the  generator 
without  materially  decreasing  the  system 
power  factor. 

Stations  supplying  small  loads,  important 
in  their  own  field,  can  be  relied  upon  to  start 
and  stop  on  time,  demand,  or  water  level  set- 
tings thereby  relieving  the  usual  one  or  two 
man  shift. 

The  accuracy  with  which  the  control  equip- 
ment can  be  set  to  perform  its  functions  is 
equivalent  to  having  the  best  technical  and 
operating  labor  on  hand  at  all  times. 
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Dopcndiiij;  on  tlir  nliahilit  y  of  tho  source 
it  is  possible  to  si'ciiri.'  control  sui>i)ly  frona  ;i 
small  transformer  tapped  with  fuses  from  the 
main  circuit  into  which  tlie  automatic  station 
is  feeding  and  outside  any  of  its  disconnecting 
switches 

The  more  important  schemes  of  perform- 
in;^  the  general  operations  are  shown  in  the 
tabulation  below. 

General  Features  of  Control  Systems 

With  a  schedule  of  operations  to  perform, 
and  emergency  conditions  to  be  taken  into 
consideration,  the  component  parts  of  the 
control  apparatus  take  very  definite  form. 

Minimmn  induction  generator  control  has 
the  fewest  number  of  parts.  Its  speed  and 
voltage  are  functions  of  paralleled  syn- 
chronous generators.  Its  overload  limit  is  the 
capacity  of  the  prime  mover,  and  so  long  as 
the  induction  generator  is  designed  to  carry 
that  capacity  plus  a  safe  margin,  it  cannot  be 
damaged  by  overload.  Its  mechanical  speed 
limit  is  a  function  of  waterwheel  runaway 
speed,  and  so  long  as  that  is  taken  into  con- 
sideration by  the  builders,  it  cannot  do  itself 
any  hami  from  that  standpoint. 

Technically,  then,  a  starting  and  stopping 
device  which  will  function  at  the  owner's  pre- 
determined idea,  together  with  protection 
against  external  and  internal  accident,  is  all 


that  is  necessary.  Practically,  the  owner  will 
generally  desire  a  measure  of  output,  bfjth  in- 
stantaneous and  cum\ilative,  and  further  pro- 
tection from  ()vers]jeed,  overload,  loss  of  one 
phase,  loss  of  water  head,  hot  bearings  and  in- 
ternal generator  accidents.  Automatic  par- 
alleling features  will  cut  down  the  rush  of  cur- 
rent when  paralleling  is  done  out  of  syn- 
chronism. Gate  control  will  insure  constant 
output  with  normal  head  of  water. 

Synchronous  generatorsaddtheadvantageof 
giving  a  predetermined  v'oltage  and  frequency, 
and  so  they  improve  the  power  factor  instead 
of  making  it  worse,  also  they  give  indejjendent 
instead  of  deijcndent  operation.  The  addition 
of  a  direct  current  excitation  source  adds  no 
unsolved  problem  and  assists  in  obtaining  a 
positive  source  of  control  supply.  In  stations 
of  considerable  size,  it  is  often  advisable  to 
have  an  independent  source  of  power  to  oper- 
ate sw'itchcs,  gate  motors,  etc.,  etc.  Small 
storage  batteries  charged  from  the  exciter 
serve  this  purpose.  In  the  induction  genera- 
tor plant  the  same  purpose  may  be  served  by  a 
small  low  voltage  battery  charged  from  a  di- 
rect current  generator  directly  or  belt  con- 
nected to  the  waterwheel. 

The  proper  sequence  of  events  is  best  fixed 
by  a  master  controller,  motor-driven  from 
either  an  external  alternating  current  source 
or  a  storage  batterv. 


GENERAL   METHODS  OF   CONTROL 
Unit  or  Group  Operation 


Automatically  Controlled  by 


Remotely  Controlled  by 


Starting  Conditions: 

Load  Demand Contact  Making  Ammeter 

Water  Surplus Pressure  Gauge  or  Float  Switch  . 

Starting: 

From  Water Elec.  Control  of: 

(a)  Hydraulically  Oper.  Gate 

(b)  Electrically  Oper.  Gate 


Synchronizing: 


From  External  Electrical  Source 


Speed  Control  Within  Fixed  Limits 

Voltage  Regulation  I 

Shutting  Down:  ! 

Load  Decrease 
Water  Deficiency 


(a)  Through  reactance 

(b)  Fractional    Voltage    Trans- 

former Taps 


Started  as  a  Motor  by: 

(a)  Compensator 

(b)  Fractional    Voltage    Trans- 

former Taps 

(a)  Electric  Control  with  vary- 

ing water  pressure 

(b)  Balanced  hydraulic  control 

(a)  Tirrill  Regulator 

(b)  Fixed  Setting 

Contact  Making  Ammeter 
Pressure  Gauge  or  Float  Switch 


Main  Station  Operator 
Main  Station  Operator 


Remote  Elec.  Control  of: 

(a)  Hydraulically  Oper.  Gate 

(b)  Electrically  Oper.  Gate 

Same  as  automatic,  though  function 
may  be  manually  performed  by 
attendant  in  main  station  if  syn- 
chronizing switch  is  located 
therein 

Same  as  automatic,  except  starting 
equipment  may  be  located  in 
main  station  and  function  per- 
formed manually 

Same  as  automatic  but  may  be  ad- 
justed by  main  station  operator 

Same  as  automatic 


Main  Station  Operator 
Main  Station  Operator 
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The  protective  and  control  equipments  uti- 
lized in  such  stations  are  all  standard  appa- 
ratus which  has  had  long  usage  in  other  types 
of  application,  so  that  no  question  of  relia- 
bility of  untried  apparatus  enters  the  project. 


/     G£N[llftTOB 
3     W/ITeR  \JHE£L 
J     exCIT£/l 
■f     riELO  PHEOSTft 

5  OIL  SWITCH  FOR 

CiNERflTO/i 

6  OIL  SWITCH  FOR  LIME 
RIVO  <S'//ICHR0NIZIN6 

7  SYKCHROicVfe 
6    GRTE  /iOTOR 
S    CONTROL    SWITCH 


Fig.  1.     Simplified  Wiring  Diagn 


itely  Controlled 


Synchronous  Generator  Station 

Figure  1  shows  a  simplified  wiring  and 
connection  arrangement  of  a  remotely  con- 
trolled synchronous  generator  station,  in 
which  the  operator  at  the  main  station  has 
complete  control  of  the  speed,  and  therefore 

of  the  load  that  the  remote  sta-  

tion  will  carry.  By  closing  the 
control  switch  in  one  position 
the  gate  motor  opens  the  water 
gates.  The  operator  then  syn- 
chronizes at  the  main  station. 
The  plant  is  then  operating  on 
the  load  determined  by  the 
operator.  Shutting  down  is  per- 
formed in  the  reverse  order. 

Figure  2  illustrates  an  auto- 
matic station  which  is  started 
and  stopped  by  a  float  set  in 
the  forebay  to  operate  at  a  pre- 
determined water  leveh  The 
drum  controller  then  actuates 
the  remaining  control  appa- 
ratus to  perform  its  functions 
in  proper  sequence  and  time. 
The  generators  are  synchron- 
ized with  the  line  by  paralleling, 
at  approximately  normal  speed 
and  voltage,  through  the  reactor 
which  prevents  destructive  rushes  of  current. 
With  a  time  delay  relay,  to  allow  the  set  to 
come  to  proper  speed,  the  reactor  is  paralleled 
by    the    main    generator    switch    and    then 


dropped  out  of  circuit  to  be  ready  for  the 
second  generator.  Interlocking  devices  pre- 
vent simultaneous  synchronizing. 

A  motor  driven  exciter,  supplied  from  an 
external  source,  may  be  used  as  a  method 
of  excitation  and  battery  charging,  which 
is  particularly  apt  when  the  generator  speed 
is  low  enough  to  cause  expensive  direct  con- 
nected exciters,  and  belted  exciters  are 
deemed  inadvisable. 

Speed  Regulation 

Comparatively  speaking,  automatically  con- 
trolled generating  plants  are  small  when  com- 
pared with  the  systems  into  which  they  feed. 
(This,  of  course,  excludes  all  stations  which 
may  be  operated  independently  of  other  sta- 
tions.) For  that  reason,  it  is  not  so  essential 
to  provide  a  means  of  careful  speed  regulation. 
Having  once  determined  the  gate  position 
that  will  give  the  desired  output,  adjustments 
are  made  to  always  bring  the  generator  to  that 
speed.  Any  normal  variation  in  water  head, 
system  frequency,  etc.,  will  not,  as  a  rule,  be 
great  enough  to  cause  interruption  of  service 
from  the  automatic  plant.  For  these  reasons, 
it  is  found  possible  to  eliminate  the  water- 
wheel  governor  as  being  somewhat  unneces- 
sary. Considerable  economy  in  the  first  cost 
of  the  governor,  and  the  control  apparatus 
for  it,  is  effected  thereby. 

In  most  cases  of  existing  stations  there  is 
just  as  great  a  field  for  automatic  control  as 


simplified  Wiring  Diagram  of  an  Automatic  Controlled 
Synchronous  Generator  Station 

there  is  in  the  undeveloped  plants,  more  so 
perhaps  as  not  a  few  operating  stations  have 
high  labor  costs  continually'  being  charged  to 
their  operation. 
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Features  of  Design  in  Large  Hydraulic  Turbines 

By  F.  II.  RodKks 

llvDK.M  I  u    ICs(.im:i:k,  I.  P.  Morkis  1  )(■  r  \ktmi;n  i,  William  (.'kami'  amj  Sons  Smii" 

AM)  KsoiNE  Building  Company 

The  work  of  producing  hij;lily  efficient  hydro-clcctric  generating  units  devolves  e(|ually  upon  the  hydrauhc 
and  electrical  engineers.  Alanufacturers  of  hydraulic  machinery  have  not  been  idle  in  devising  means  for  pro- 
diK'iiiK  the  ever  increasing  tjuantitics  of  power  required  by  the  nation's  industries,  and  at  the  same  time  accom- 
pHslnng  a  real  conservation  of  natural  resources  by  a  continually  more  efficient  use  of  potential  water  power.  In 
view  of  this  tendency  toward  units  of  large  and  larger  size,  a  gain  of  even  a  small  percentage  in  overall  efficiency 
becomes  of  importance.  In  this  article  the  author  analyzes  problems  encountered  in  designing  wheels  of  high 
efficiency,  for  both  high  and  low-head  applications.  The  relative  importance  of  losses  occurring  in  penstock, 
runner  and  draft  tube  at  various  heads  and  specific  speeds  is  discussed  in  detail,  and  attention  is  called  to 
conditions  under  which  certain  of  these  losses  become  sufficiently  important  to  warrant  considerable  eflort  to 
minimize  them. — Editor. 


The  great  importance  of  high  efficiency  for 
hydraulic  turbines  is  now  universally  ap- 
preciated and  in  recent  years  extensive  ex- 
periments have  been  made  and  much  study 
given  to  the  subject,  with  the  object  of  re- 
ducing the  losses  in  the  various  parts  of  the 
turbine  and  water  passages. 


put  of  300  horse  power  continuously  for  the 
same  water  consumption,  which  is  equivalent 
to  1, 900,000  kw-hr.  in  a  year. 

In  considering  the  features  of  design  which 
affect  the  efficiency,  two  classes  of  turbines 
will  be  studied:  {])  low-head  units,  and  (2) 
high-head  units,  as  the  head  determines  the 


"Mii 
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Fig.  1.     Interior  View  of  the  Long  Lake  Station  of  the  Washington  Water  Power  Company. 
Spokane,  Washington,  showing  two  22,500-h.p.  turbines  designed  for  a  head  of 
168  ft.  at  a  speed  of  200  r.p.m.      A  third  unit  is  now  being  installed 


Modern  demand  calls  for  large  size  units; 
and  while  twenty  years  ago  a  5000-horse- 
power  turbine  was  considered  of  exceptional 
size,  today  the  building  of  a  30,000-horse- 
power  wheel  causes  little  comment.  Among 
the  most  noteworthy  turbines  which  have  re- 
cently been  built,  or  are  now  under  construc- 
tion, might  be  mentioned:  One  22,o00-horse 
power  for  the  Washington  Water  Power  Co., 
Spokane,  Washington;  three  37,500-horse 
power  for  the  Niagara  Falls  Power  Co., 
Niagara  Falls,  New  York;  two  .52,500-horse 
power  for  the  Hydro-Electric  Power  Com- 
mission of  Ontario  (Queenstown  Plant).  A 
gain  in  efficiency  of  one  per  cent  on  a  30,000- 
horse-power  turbine  means  an  increased  out- 


characteristic  of  the  runner  design,  or,  in  other 
words,  the  specific  speed.  Expressed  as  a 
formula : 

R.p.m.  XV^^ 
Hi 


N5  = 


which  defined,  means  the  specific  speed  Nj  is 
the  revolutions  per  minute  of  a  unit  at  best 
efficiency  if  the  runner  were  reduced  in  size  so 
that  it  would  develop  one  horse  power  under  a 
head  of  one  foot. 

For  low-head  units  high  specific  speeds  are 
used,  whereas  for  high  heads  the  reverse  is 
true.  This  can  be  more  readily  explained  by 
a  study  of  the  runner.  For  low  heads,  the 
velocities  are  low  and  the  water  will  follow  the 
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radical  curvature  of  the  high  specific  speed 
runner,  Fig.  3 ;  whereas  for  high  heads,  gradual 
curvatures  must  be  used  to  suit  the  high 
velocities  and  so  prevent  corrosion.  Fig.  4. 
Another  limiting  factor  is  the  draft  head,  or 
the  total  vacuum  at  the  discharge  of  the  run- 


Fig.   2.      37.500-h.p.   Turbine  for   the   Hydraulic   Plant  of   the    Niagara   Falls 

Power  Company,  Niagara  Falls.  N.  Y.,  designed  for  a  head  of  214  ft. 

at  a  speed  of  150  r.p.m.     One  of  these  units  is  now  being 

installed   and   another   is   under   construction 


ner.  This  is  made  up  of  the  vertical  height 
from  the  runner  to  the  tail-race  level  plus  the 
velocity  head  at  the  runner  throat  D2,  minus 
the  velocity  head  at  the  outlet  of  the  draft 
tube  minus  the  friction  loss  in  the  tube.  The 
maximum  possible  draft  head  is  about  33  feet 
at  70  deg.  F.  at  sea  level,  but  in  practice  it  is 
well  not  to  exceed  2S  feet  and  to  maintain  this 
margin  when  the  plant  is  located  at  higher 
elevations.  For  high  heads,  if  a  high  specific 
speed  runner  were  used,  the  velocity  through 
the  throat  D2  would  be  high  so  that  the  runner 
would  have  to  be  located  close  to  the  tail-water 
or  it  is  possible  that  the  velocity  head  at  this 
point  might  exceed  the  maximum  allowable 
draft  head.  Hence,  to  avoid  danger  of  pitting 
the  runner  (corrosion)  and  to  permit  of  a 
practical  location  of  the  runner  above  tail- 
water,  it  is  necessar}^  to  use  low  specific  speed 
runners  for  high  heads.  For  low  heads,  the 
high  specific  speed  s  may  be  used  with  the  result- 
ing advantage  of  high  revolutions  per  minute. 


Low-head  Units 

In  considering  the  various  features  which 
affect  the  efficiency  in  the  design  of  low-head 
units,  particular  attention  must  be  given  to 
the  draft  tube.  Of  course  the  design  of  the 
runner  is  of  primary  importance,  however,  it 
is  not  the  intention  of  this  article 
to  deal  with  this  phase  of  the  mat- 
ter but  rather  to  assume  a  runner 
of  correct  design  and  to  study  the 
relative  importance  of  the  losses 
which  occur  outside  of  the  runner 
itself. 

The  curves  shown  in  Fig.  5  are 
plotted  from  the  average  values 
taken  from  a  number  of  typical 
runners.  The  velocities  at  the  top 
of  the  draft  tube  are  expressed  as 
velocity  heads  and  are  plotted  as 
percentages  of  the  total  heads  for 
various  specific  speeds.  As  the 
water  does  not  usually  leave  the 
runner  in  a  direction  parallel  to 
the  axis  of  the  draft  tube,  there  are 
two  components  of  velocity  to  be 
considered:  (1)  the  axial  velocitj-, 
and  (2)  the  tangential  or  velocity 
of  whirl. 

It  is  seen  that  for  high  specific 
speeds,  both  of  these  items  become 
of  great  importance.  Thus,  for  a 
head  of  30  feet  the  specific  speed 
would  be  about  83  and  the  energy 
to  be  regained  in  the  draft  tube 
would  amount  to  12.5  per  cent 
of  the  total  available  head  con- 
sidering the  axial  velocity,  and  S.25  per  cent 
considering  the  whirl  velocity.  As  velocity 
heads  are  used  in  plotting  these  curves,  the 
total  energy  to  be  regained  is  represented  by 
the  sum  of  the  values  taken  from  ounces  ^4  and 
B  for  any  particular  specific  speed.  For  such 
runners,  therefore,  the  draft  tube  design  is  of 
great  importance  for  no  matter  how  efficient 
the  runner  may  be  in  itself  it  is  possible  to  lose 
a  considerable  percentage  of  the  total  head 
(20.75  per  cent  in  the  case  assumed  above) 
with  a  design  of  draft  tube  which  fails  to  re- 
gain any  of  the  velocity. 

The  problem  confronting  the  designer  of 
high-speed  turbines  is,  therefore,  to  construct 
economically  a  draft  tube  which  will  regain  as 
much  as  possible  of  the  energy  at  the  dis- 
charge of  the  runner.  A  long  straight  draft 
tube  with  a  small  angle  of  diffusion  is  found 
to  be  the  most  efficient  design,  but  for  large 
units  such  construction  would  involve  costly 
excavation  and  hence  a  curved  tube  must  be 


fi;a'1'l  Ri;s  oi-  dksic.x  i.\  i.akc.I':  iivdkallic  'rLkniXHs 


,s:,i 


used.  As  till'  lossi'S  (Uk-  to  chanj^o  in  direction 
of  flow  are  usiialh'  severe  this  point  has  been 
given  eonsideral)le  stutly  in  recent  years  and 
nian\'  expi'riinents  have  heon  carried  out  to 
delerniiiic  the  best  dcsi^'ii  of  cur\ed  tube  willi 
the  result  that  cllicicncies  of  '.K)  lo  it.'j  jjcr  cent 
have  been  obtained  for  hijjh  specific  speeds, 
provinj;  that  a  larj^e  part  of  the  energy  at  the 
runner  discharge  is  regained  in  the  draft  tube. 
The  i)rincipal  remaining  losses  which  occur 
outside  of  the  runner  itself  are:  (1)  in  the  in- 
take and  penstock,  (2)  in  the  casing,  (3)  disc 


for  such  units  the  energy  to  be  regained  in  the 
draft  lube  is  small.  Thus  for  a  hea<l  of  .">00 
feet  the  siiecific  speed  would  be  about  22  and 
the  energy  to  be  regained  in  the  draft  tube 
would  amount  to  about  2  per  cent  of  the  head 
for  the  a.xial  velocity,  whereas  the  whirl 
velocity  would  be  negligible.  Hence,  if  the 
draft  tube  had  an  efficiency  of  only  ')()  per 
cent  instead  of  75  per  cent,  the  efficiency  of  the 
unit  would  decrease  but  one  half  of  one  per 
cent.  Therefore,  for  such  heads  the  draft  tube 
design  is  of  but  minor  imjjortance. 


of  High  Specific.Speed 
head  Wheel 


Typical  Runner  of  Low  Specific  Speed 
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friction  of  the  runner,  and  (4)  leakage  at  the 
runner  seals.  The  first  two  losses  can  be  kept 
small  if  these  parts  are  properly  designed.  For 
the  penstock,  the  question  of  pressure  change, 
speed  regulation,  and  first  cost  are  the  de- 
termining factors.  The  third  and  fourth 
losses  are  of  minor  importance  in  high  specific 
speed  runners  due  to  the  relatively  small 
diameter  of  the  runner,  but  as  will  be  shown 
are  of  far  greater  significance  for  low  specific 
speeds. 

High-head  Units 

For  high-heads  low  specific  speeds  must  be 
used  and  it  will  be  noted  from  Fig.  5  that 


There  are  two  losses,  however,  that  deser\-e 
special  attention:  (1)  the  disc  friction  of  the 
runner  and  (2)  the  leakage  at  the  runner  seals. 
The  former  loss  is  the  power  required  to  drive 
the  runner  submerged.  It  has  been  found  by 
experiment  that  the  water  above  and  below 
the  runner  rotates  at  about  one  half  the  speed 
of  the  runner  and.  hence,  a  friction  loss  occurs 
between  this  water  and  the  stationary-  parts 
(the  upper  and  lower  covers)  and  an  additional 
loss  occurs  between  this  water  and  the  runner. 
To  keep  this  loss  as  low  as  possible,  the  inner 
surfaces  of  the  head  covers  and  the  outer  sur- 
faces of  the  runner  are  made  smooth  and  free 
from  unnecessary  projections. 
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The  loss  due  to  revolving  a  flat  disc  in  water 
is  given  by  the  formula : 

HP  =  KD°N3 
where  HP  =  horse  power  lost 

D    =  runner  diameter  in  feet 
N    =  revolutions  per  minute 
K    =  coefficient  depending  on  character 
of  surfaces 

Experiments  which  have  been  made  on 
machined  brass  discs  give  a  value  of  K  = 
0.000,000,000,413.  No  tests  have  been  made 
on  turbine  runners  to  determine  this  loss,  but 
for  comparative  purposes  the  same  coefficient 
may  be  used. 

As  an  example,  consider  a  20,000-horse- 
power  turbine  designed  for  a  head  of  500  feet. 
For  a  specific  speed  of  22  the  speed  would  be 
36S  r.p.m.  and  the  runner  diameter  6.45  feet. 
The  disc  friction  loss  as  given  by  the  formula 
is  230  horse  power  or  1.15  per  cent  of  the  full- 
load  output.  As  this  disc  loss  is  constant  for 
all  gate  openings,  it  would  amount  to  2.30  per 
cent  of  the  output  at  half  load.  On  the  other 
hand,  a  10,000-horse-power  turbine  designed 
for  a  head  of  30  feet  and  a  specific  speed  of  SO 
would  run  at  56  r.p.m.  and  have  a  runner 
about  11.8  feet  in  diameter.  Hence,  the  disc 
friction  loss  is  I6J2  horse  power  which  is  only 
0.165  per  cent  of  the  full-load  output,  or 
0.33  per  cent  of  the  output  at  half  load. 
Therefore  on  high-head  units  this  loss  is  of 
considerable  importance  especially  at  part 
loads  and  must  be  taken  into  account  in  cal- 
culating the  possible  efficiencies  to  be  ex- 
pected. 

The  second  loss  mentioned — leakage  at  the 
runner  seals — is  also  an  important  factor  in 
the  design  of  high-head  units.  This  leakage 
water  escapes  between  the  periphery  of  the 
runner  and  the  stationary  parts  and,  hence, 
performs  no  useful  work.  The  amount  of  this 
leakage  depends  on  the  pressure  existing  at  the 
intake  to  the  runner  and  on  the  area  between 


the  runner  seals  and  stationary  parts.  For 
high-head  turbines  the  pressure  at  this  point 
is  proportionately  greater  than  for  low-head 
units,  and  in  addition  the  diameter  of  the  run- 
ner is  relatively  greater  as  will  be  noted  from 
the  two  types  of  runners  shown  in  Figs.  3  and 
4.  '  Thus,  with  the  ordinary  design  of  runner 
seals  the  leakage  at  this  point  is  an  important 
factor  for  high-head  units. 

As  a  comparison  of  this  leakage  loss  be- 
tween high  and  low-head  turbines  consider  a 
20,000-horse-power  unit  operating  under  a 
head  of  500  feet  as  compared  to  a  10,000- 
horse-power  turbine  under  a  head  of  30  feet. 
If  the  ordinary  type  of  seal  rings  are  used  in 
both  cases,  the  leakage  at  the  runner  seals  of 
the  high-head  unit  will  amount  to  approx- 
imately 10  cubic  feet  per  second  which  is  2.4 
per  cent  of  the  full-load  quantity  required  by 
the  unit;  whereas  for  the  low-head  turbine, 
the  leakage  loss  will  amount  to  approximately 
8  cubic  feet  per  second  or  only  0.2  per  cent  of 
the  full  load  quantity.  This  leakage  is, 
therefore,  of  great  importance  on  high-head 
units  and  hence  special  seal  rings  have  been 
designed  to  reduce  this  loss  to  a  minimum. 
By  the  use  of  such  seals  on  the  runner 
and  stationary  parts  it  has  been  found  pos- 
sible to  maintain  about  the  same  per  cent 
of  leakage  for  high-head  wheels  as  occurs 
on  low-head  wheels  with  the  ordinary  design 
of  seals. 

In  conclusion,  it  should  be  noted  that  the 
design  of  each  hydraulic  turbine  presents  a 
different  problem  in  which  special  attention 
must  be  given  to  the  particular  features  of  the 
design  which  are  of  most  importance  for  the 
head  under  which  the  unit  is  to  operate.  It  is 
safe  to  predict  that  the  future  development  of 
the  hydraulic  turbine  will  be  along  the  lines  of 
large  size  reaction  wheels  for  high  heads  and 
higher  speed  units  for  low  heads,  so  that  the 
particular  features  of  design  discussed  will 
become  of  ever-increasing  importance. 
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Some  Recent  Developments  in  Power  Transformers 

By  W.  S.  Mooov 

Engineer,  'I'kansi-ormkk  1Cni.ini;i%rin(.  Dicpartment,  CiEnekai.  Ki.ectrii   (Omi-any 

Transformers  play  an  iniportanl  part  in  our  laryc  transmission  systems  and  the  author  shows  how  ihc-ir 
design  has  been  kept  abreast  of  other  lievelopments  to  wilhstanrl  the  heavy  service  imposed  by  the  constantly 
increased  capacity  of  the  individual  unit  and  the  adoption  of  higher  voltages.  The  improvements  in  self- 
cooled  transformers,  brought  about  by  the  development  of  the  radiator  tank,  have  made  it  possible  to  use 
self-cooled  units  in  many  places  where  water-cooling  would  formerly  have  been  considered  essential.  The 
author  tells  how  the  special  problems  involved  in  the  design  of  transformers  for  electric  furnaces  were  met 
successfuUv  and  he  also  deals  with  the  use  of  conservators. — Editor. 


It  is,  of  course,  generally  appreciated  that 
the  possibility  of  transforminjj  electric  power 
from  low  potential  to  high  potential  and  back 
again  to  low  potential,  with  an  almost  neg- 
ligible loss,  by  means  of  static  transform- 
ers; i.e.,  transformers  that  have  no  moving 
parts,  adds  greatly  to  the  possibilities  of 
power  transmission.  Even  the  engineer,  how- 
ever, seldom  stops  to  consider  seriously  what 
a  relatively  insignificant  industry  power  trans- 
mission would  be  without  any  means  of  irans- 
fonning  electric  power  except  rotating  appa- 
ratus. 

Generators  with  revolving  amiatures  were 
not  successfully  made  for  voltages  over  2500 
for  many  years  after  alternating  current  was 


generally  used,  and  those  built  for  pressures 
as  high  as  (3000  volts  were  never  very  reliable. 
The  use  of  revolving  field  generators  later 
made  the  problem  somewhat  simpler,  but 
today  a  generator  for  over  2o,000  vrjlts  is  to 
be  avoided,  even  in  the  ver\-  large  capacities. 

If  limited  to  such  a  voltage  and  to  the  use 
of  a  similar  high  voltage  machine  as  a  motor, 
the  writer  ventures  to  say  that  not  15  per  cent 
of  the  present  power  transmitted  by  elec- 
tricity would  be  practical,  commercially. 

In  the  June,  lOKi,  issue  of  the  Review  the 
writer  presented,  in  considerable  detail,  some 
of  the  many  electrical  and  mechanical  features 
of  large,  high  voltage  transformers  that  must 
be  treated  with  skill  and  care  in  their  design 


Fig.  1.  Outdoor  Substation  of  the  Great  Northern  Power  Company.  Radiator-type  Self-cooled 
Transformer.  Recent  developments  in  transformer  design  have  made  possible  the  installation  of 
large  high-voUage  transformers  out  doors.  The  use  of  this  type  of  station  has  been  accelerated 
by  recent  power  demands  with  corresponding  shortage  in  material,  labor,  and  time  necessary 
for  building  stations  to  house  transformers. 
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and  manufacture  if  they  are  to  give  reliable 
service  and  transmit  power  for  many  years. 
In  the  years  intervening  engineering  and 
industrial  activities  have  been  so  largely 
devoted  to  the  demands  of  war  that  the  usual 
growth  of  power  transmission  has  not  been 


Fig.  2.  33,000-voIt,  150-kv-a  Outdoor  Substation.  Typical 
of  small  transforming  stations  which  have  been  coming  into 
favor  for  a  number  of  years  with  consequent  saving  in 
building  expense. 

possible ;  but  there  has  been  a  splendid  oppor- 
tunity to  test  transformers  already  in  service 
and  to  demonstrate  that  such  of  them  as  are 
in  conformity  with  the  best  practice  are 
thoroughly  reliable  even  when  conditions 
necessitate  heavy  overloads  and  continuous 
service. 

Perhaps  the  most  noteworthy  feature  of 
recent  development  that  has  thus  been 
thoroughly  tested  during  this  period  is  the 
installation  of  large  and  high  voltage  units 
in  outdoor  stations.  At  first  it  was  only  the 
more  adventurous  of  operating  engineers  who 
were  willing  to  tnist  the  designing  engineer 
to  furnish  them  with  transformers  that  should 
stand  up  when  so  installed,  and  then  it  was 
considered  only  in  the  less  important  and 
smaller  substations.  So  well  were  the  designs 
worked  out,  however,  in  all  the  many  details, 
that    even    from    the    first    little    additional 


trouble  was  experienced.  When  the  war- 
time shortage  of  structural  steel,  labor  and 
the  urgency  of  demand  combined  to  make 
station  building  almost  out  of  the  question, 
practically  no  operating  engineer  hesitated 
to  install  even  the  largest  and  highest  volt- 
age units  out-of-doors  in  both  water-cooled 
and  self-cooled  types.  Fig.  1  shows  an  out- 
door installation  of  three  self-cooled,  60,000- 
volt  transformers,  while  Fig.  2  is  representa- 
tive of  a  modem  pole-type  substation  of 
small  capacity. 

An  article  in  the  August,  1918,  issue  of  the 
Review  described  "Radiator  Tank  Trans- 
formers," a  good  example  of  which  is  shown 


Fig.  3.  50,000-volt  Moderate  Capacity  Power  Transformer. 
Use  of  the  all-welded  steel  radiators  on  transformer  tanks 
has  made  practical  the  building  of  self-cooled  units  in  any 
desired  capacity.  The  installation  of  such  transformers 
out  of  doors  has  eliminated  the  difficulty  often  experienced 
with  large  self-cooled  units  when  installed  indoors,  of 
keeping  the  ambient  temperature  at  a  conservative  value. 

in  Fig.  3.  By  the  use  of  these  radiators  we 
are  able  to  build  self-cooled  transformers 
in  any  desired  capacity.  It  is  of  particular 
advantage  for  out-door  installation  in  that 
the  transformers  require  the  minimum  amount 
of    attention.      P"urthermore,    in    large    self- 
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cook'il  units  (lif  |iriililciii  nf  ]ir(i|n'i-ly  XH'ntilal- 
inj;  IIk'  nidui  in  wliiiii  llu-\'  arc  iiisLalk'd  sn  ;is 
to  kvvp  lliL'  anihii-nt,  ti'mpiTatiiri'  at  a  con- 
servative \'alue,  is  of  no  small  iniporlancc  on 
account  of  the  larfje  amount  of  heat  liberated 
into  the  room.  The  installation  of  such  units 
outdoors,  therefore,  is  an  ideal  .solution  of  this 
problem.  It  will  be  noted  that  radiators  are 
used  on  the  transformers  shown  in  I'^ijj;.  I. 

In  the  early  history  of  transformer  desi^'n, 
the  importance  of  buildinj^  transformers  to 
meet  short-circuit  conditions  was  of  minor 
importance,  becau.se  the  systems  back  of  the 
transformers  were  small  and  the  maximum 
possible  short-circuit  current  could  be  only 
a  few  times  that  of  normal.  Some  of  these 
transformers,  however,  did  not  stand  up  when 
placed  on  large  systems,  having  practically 
unlimited  amount  of  power  compared  to  the 
size  of  the  transformer.  In  the  article  in  the 
July,  191(5,  issue  of  the  Review  previously 
mentioned,    the    writer    called    attention    to 


Fig.  4.  Water-cooled  Furnace  Transformer.  Due  to  recent 
largely  augmented  demand,  the  design  of  such  trans- 
formers has  been  given  special  consideration.  The  trans- 
former must  deliver  very  heavy  currents  without  exces- 
sive stay  loss  and  be  reliable  in  a  class  of  service  where 
short-circuits  i 


various  methods  of  designing  transformers 
to  withstand  electro-magnetic  forces  gen- 
erated in  them  under  short-circuit  conditions. 
It  is  gratifying  to  note  that  failures  due  to 
short  circuit  on  transformers  designed  to  meet 
this  condition  have  been  eliminated,  notwith- 


slanding    the    fact    tliat   systems   have    been 
iiinlinually  growing  in  size. 

The  enormous  increase  in  the  electro  metal- 
hirgic;d  industry  in  the  last  few  years  with 
the  consequent  increase  in  electrical  apjjaratus 
for  this  industry,  has  made  it  nccessarv  to 


Fig.  5.  Low  Voltage  Bars  of  a  Furnace  Transformer  Showing 
Dust-proof  Outlets.  The  large  number  of  secondary  volt- 
ages often  required,  and  protection  from  the  dust  and  dirt 
inseparable  from  such  service,  aid  other  problems  to  the 
design. 

design  transformers  with  special  reference  to 
such  use.  These  transformers  are  commonly 
classed  as  "furnace  transformers."  Fig.  4 
shows  a  complete  furnace  transformer  of  which 
a  large  number  were  supplied  for  one  of  the 
government  nitrate  plants  during  the  w^ar. 

The  special  problem  in  such  transformers  is 
that  of  producing  a  design  capable  of  deliver- 
ing the  very  heavy  current  usually  required 
for  these  processes,  without  excessive  stray 
losses  and  with  requisite  reliability  in  a  class 
of  service  where  short  circuits  are  common. 

In  general,  the  secondary  or  low  voltage 
windings  of  these  transformers  must  be 
divided  into  a  number  of  circuits  or  coils, 
connected  in  parallel,  to  obtain  the  necessary 
current  carrying  capacity.  It  is  essential 
that  the  current  in  these  various  parallel 
circuits  be  properly  divided,  otherwise  there 
will  result  high  excess  losses  due  to  the 
currents  in  the  individual  circuits  being  out 
of  phase  with  one  another. 

The  difficulty  of  this  problem  is  frequently^ 
accentuated  by  the  fact  that  a  considerable 
range  in  secondary  voltage  is  required,  which 
is  generally  obtained  by  taps  in  the  primary 
winding,  changing  the  ratio  to  give  this 
required  range  in  the  secondary-  voltage  with 
a  fixed  primary  voltage  impressed.  The 
windings  must,  therefore,  be  so  arranged  that 
not  only  is  the  resistance  of  each  secondary 
circuit    approximately    the    same,    but    the 
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reactance,  with  respect  to  the  primary  wind- 
ings, must  also  be  the  same. 

The  duty  on  such  transformers  is  usually 
very  severe,  especially  in  arc  furnaces,  due  to 
the  variation  of  the  resistance  of  the  material 
in    the    furnaces,    variations    of    the    length 


per  COCK 

fo,-  WATER  BI^fllNAfiE 


Essential  Features  of  the  Transformer  Oil  Con- 
The  features  include:  Transformer  tank  com- 
pletely filled  with  oil  under  slight  pressure.  Cool  oil  only  in 
contact  with  air;  Breathing  through  Calcium  Chloride; 
and  Provision  for  preventing  moisture  which  may  enter 
through  breather  from  getting  in  the  main  Transformer 
Tank 

of  the  arc,  breaking  electrodes,  etc.,  which 
cause  a  great  variation  in  the  current  flowing. 
From  these  causes  sudden  current  rushes, 
reaching  values  a  number  of  times  normal, 
are  quite  frequent.  This,  therefore,  neces- 
sitates a  very  rugged  design  to  withstand  the 
constant  subjection  of  mechanical  forces  in 
the  windings  due  to  current  surges.  The 
structure  must  be  such  that  vibration  incident 
to  these  forces  cannot  loosen  the  means  of 
supporting  the  coils  and  cause  failure  in  this 
manner. 

In  some  types  of  furnaces,  particularly 
those  of  the  arc  type,  the  character  of  the  arc 
itself  causes  oscillations  of  current  and  voltage 
at  high  frequency  which  are  impressed  on  the 
secondary  winding  and  may  be  reproduced 
by  induction  in  the  primary  winding.  It  is 
necessary  to  insulate  for  these  conditions. 
Therefore,  it  has  been  found  advisable  to 
insulate  such  transformers  more  highl}^  than 
those  of  a  similar  rating  employed  for  ordinary 
distribution  power. 

Most  electric  furnace  operations  are  very 
dirty.      The  atmosphere   is   frequently  filled 


with  dust  which  may  be  of  a  conducting 
nature.  Therefore,  it  is  essential  that  oil- 
immersed  transformers  be  made  thoroughly 
dust  proof  and  that  the  leakage  distance 
between  terminals  of  opposite  polarity  out- 
side the  transformer  be  made  especially 
liberal,  so  that  no  trouble  will  be  experienced 
even  with  considerable  accumulation  of  dust 
on  these  terminals.  It  has  frequently  been 
thought  desirable  to  use  regular  outdoor 
style  bushings  for  high  voltage  terminals  on 
account  of  dust  accumulation. 

Some  details  of  construction  are  shown  in 
Fig.  5,  of  a  dust  proof  outlet  for  a  low  voltage 
bar  terminal  for  a  very  complex  three-phase 
design. 

A  device  which  is  gaining  in  popularity 
among  users   of  high   voltage   power   trans- 


Fig.  7.  Interior  of  a  10,000-kv-a.  120,000-volt  Transformer 
with  Oil  Conservator  shown  Mounted  on  Transformer 
Cover.  Auxiliary  tank  must  be  slightly  higher  than  the 
highest  point  of  the  main  tank. 

formers  is  the  oil  conservator,  brief  mention 
of  which  was  made  in  the  January,  1919, 
issue  of  the  Review.  As  was  there  stated, 
the  conservator  eliminates  contact  between 
the  warm  oil  and  the  air,  thereby  preventing 
the  oxidization  of  the  oil,  and  the  consequent 
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fiinnatioii  of  sliul^^o;  clitiiiiialos  jiU  possihilits- 
of  moisture  in  llio  main  transformtT  lank, 
thereby  preventing;  breakdown  due  to  a 
lowered  dielectrie  slren^'th  of  tlie  oil,  and  also 
eliminates  the  air  spaee  above  the  oil  in  the 
main  transformer  tank,  thus  preventing 
cxi)losions  due  to  a  mixture  of  air  and  gas 
beinji  ij:;nited  by  a  spark  or  static  discharj^'e. 

Fijj.  t)  shows  clearly  the  jirincipal  features 
of  the  conservator.  This  consists  of  an 
auxiliary  tank,  connected  to  the  main  trans- 
former tank,  in  which  the  oil  expansion  due 
to  chanj^es  of  temperature  in  the  transformer, 
oan  take  place.     The  auxiliary  tank  is  i)laccd 


in^;  lakes  ])lace  at  this  jjoint.  As  a  consc- 
(|iience,  even  should  the  chloride  breather 
Ijecome  inefTcctivc,  and  the  temperature  <lro[) 
below  ambient,  and  moisture  be  drawn  int(j 
the  eonser\'ator,  the  moisture  will  fall  into 
the  sum])  when  condensed. 

Several  methods  of  mountinfj  the  conserva- 
tor have  been  used,  but  the  essential  point  is 
that  the  auxiliary  tank  be  slightly  above  the 
highest  point  of  the  main  tank.  While  the 
conser\'ator  may  be  mounted  on  the  trans- 
former cover,  or  on  a  wall  or  trestle,  the 
preferred  method  of  mounting  is  to  place  the 
conservator  on    the  side  of   the   transformer 


Fig.  8.  Outdoor  Station  of  the  American  Gas  and  Electric  Co..  at  Canton.  Ohio,  showing  an  Inst 
tion  of  Conservator  Type  Water-cooled  Transformers.  The  outdoor  installation  combined  i 
the  use  of  the  Oil  Conservator  makes  this  typical  of  up-to-date  transformer  practice. 


a  little  higher  than  the  main  tank  in  such  a 
way  that  the  latter  is  always  filled  with  oil. 
The  pipe  connecting  the  two  tanks  is  large 
enough  for  free  flow  of  oil,  but  too  small  to 
allow  of  free  circulation.  This  results  in 
practically  ambient  temperature  in  the  aux- 
iliary tank  where  the  oil  is  in  contact  with  the 
air,  a  feature  which  is  essential  for  the  pre- 
vention of  sludging,  and  yet  there  is  suffi- 
cient temperature  rise  to  avoid  any  con- 
densation. 

Since  the  expansion  and  contraction  of  oil 
due  to  changing  temperature  affects  the  oil 
level  in  the  conserv^ator  tank  onlv,  the  breath- 


tank  or  support  it  on  suitable  brackets  from 
the  transformer  truck  or  base. 

A  large  number  of  the  conservator  type 
transformers,  covering  a  range  in  size  from 
1000  to  10,000  kv-a.,  have  been  in  operation 
two  or  three  years  and  have  everywhere  given 
satisfactorv  ser\-ice.  Fig.  7  shows  an  interior 
view  of  a'  10.000-kv-a.,  120,000-volt  trans- 
former with  conser\-ator,  while  Fig.  8  gives 
some  idea  of  the  appearance  of  an  installa- 
tion of  these  transformers.  This  last  view 
is  also  representative  of  a  thoroughly  modem 
high  voltage  outdoor  station  using  water- 
cooled  transformers. 
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Recent  Developments  in  Oil  Circuit  Breakers 

By  J.  W.  Upp 
Manager,  Switchboard  Department,  General  Electric  Company 

The  transmission  of  large  powers  at  high  voltage  is  one  of  our  great  engineering  problems.  The  con- 
centration of  power  in  large  interconnected  stations  is  a  modern  economic  necessity,  and  an  increase  in  voltage 
means  more  economy.  This  constant  increase  in  power  and  voltage  demands  that  everything  that  enters  into 
the  transmission  system  must  keep  pace  with  the  development.  Those  that  are  to  lead  must  keep  ahead  of  the 
present  requirements  and  make  future  advancements  possible.  Mr.  Upp,  in  this  connection,  shows  how  oil  cir- 
cuit breakers  have  been  kept  "ahead  of  the  game"  in  interrupting  capacity  and  in  increasing  voltage  require- 
ments with  the  necessary  reliability  of  operation.  The  importance  of  safety  devices  has  not  been  overlooked  as 
is  shown  by  the  author's  description  of  the  removable  truck  type  of  oil  circuit  breaker. — Editor. 


The  interconnected  power  system  with  its 
modern  generating  stations  of  increased 
capacity  has  been  made  possible  through  the 
development  of  apparatus  and  devices  of 
various  kinds,  but  no  single  device  entering 
into  this  development  has  received  more  en- 
gineering consideration  than  the  design  of  oil 
circuit  breakers  of  adequate  capacity  for 
known  and  contemplated  requirements. 

On  these  systems  one  oil  circuit  breaker  may 
be  required  to  control  a  small  alternating  cur- 
rent motor;  another  oil  circuit  breaker  on  the 
same  system  may  be  required  to  interrupt  a 
short  circuit  in  one  or  more  generators  or  even 
the  entire  output  of  the  station. 


Fig.  1.     Small  Capacity  Oil 
Circuit  Breaker 

Oil  circuit  breakers  may  be  required  for  cir- 
cuits of  600  volts  or  less;  they  may  also  be  re- 
quired for  155,000  volts  or  more;  and  they  are 
used  on  circuits  of  30  amperes  and  on  circuits 
of  10,000  amperes.  Oil  circuit  breakers  may 
use  but  one  quart  of  oil  and  weigh  less  than  20 


pounds,  or  they  may  use  5000  gallons  of  oil 
and  weigh  many  tons.  They  may  be  man- 
ually or  electrically  operated,  be  installed  in- 
doors or  out-of-doors  and  be  arranged  to  open 
or  close  automatically — each  tj^pe  having  its 
own  special  use  and  particular  field  of  appli- 
cation. 

The  lines  of  oil  circuit  breakers  which  are 
hereinafter  described  and  illustrated  are  of 
two  general  types. 

1.  The  FK  type  or  those  with  a  double  or 

quadruple  break  per  pole,  comprising 
vertical  downward  moving  conducting 
members  and  carrying,  except  in  a  few 
cases,  the  entire  current  load  in  a  com- 
mon oil  tank. 

This  family  of  breakers  varies  in 
structural  details,  but  have  the  com- 
mon characteristics  of  stationary  con- 
tact members  passing  through  insula- 
tors substantially  mounted  on  a  frame 
forming  the  top  of  the  oil  tank,  and 
projecting  beneath  the  oil  surface  in 
the  tank.  The  moving  contact  mem- 
ber is  carried  by  a  vertical  rod  which 
passes  through  the  top  framework  and 
then  makes  attachment  with  the  oper- 
ating mechanism. 

The  oil  tanks  are  made  of  sheet 
steel  with  welded  seams,  the  shape 
is  circular  or  elliptical  in  section 
in  those  breakers  constructed  to 
withstand  high  pressures,  rectangular 
with  rounded  ends  for  medium  ca- 
pacity breakers,  and  rectangular  for 
breakers  of  small  capacity. 

2.  The  FH  type,  or  those  with  a  double  or 

quadruple  break  per  pole,  comprising 
vertical  upward  moving  conducting 
members,  each  main  contact  rod 
breaking  the  arc  in  a  separate  oil 
vessel,  while  in  breakers  of  all  but  the 
smallest  capacities  nearly  all  the  cur- 
rent is  carried  by  parts  external  to 
the  oil  vessel. 
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Fig.  2.     Small  Capacity  Breakers  of  the  FK  Type 


Fig.  3.    Moderate  Capacity  Oil  Circuit  Breaker 
of  the  FK  Type 


Fig.  4.     73.000-volt  High  Capacity  Oil  Circuit  Breaker  of  the  Fig.  5.    lS,000-volt  High  Capacity  Oil  Circuit  Breaker  of  the 

FK  Type.  Mounted  on  Angle  Iron  Framework  FK  Type  Mounted  on  Pipe  Framework 
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The  moving  contact  member  is  carried  by  a 
vertical  rod  which  passes  upward  through  the 
top  of  the  cell  in  which  the  breakers  are  in- 
stalled and  then  makes  attachment  with  a 
motor  operated  mechanism.  The  oil  tanks 
are  of  one  piece  cylindrical  drawn  steel  with- 


Fig.  6.     Standard  Pole  Unit  for 
Fig.  3 

out  seams,  which  construction  enables  the 
tanks  to  withstand  the  heavy  pressures  en- 
countered in  the  interruption  of  large  currents. 

Each  of  these  types  of  breakers  have  been 
in  general  use  for  many  years  and  during  that 
time  have  been  constantly  improved.  This 
improvement  still  continues  and  the  engineers 
engaged  on  this  class  of  work  supplement 
practical  application  of  existing  designs  with 
equal  energy  devoted  to  the  development  of 
designs  for  the  future. 

The  more  recent  advances  in  oil  circuit 
breaker  developments  have  been  along  the 
following  general  lines: 

1.  Standard  unit  method  of  construction. 

2.  Increase  in  interrupting  capacities. 

3.  Increased  safety;  easy  inspection  and  ad- 

justment, and  quick  replacement. 

Standard  unit  construction  is  of  value  to  the 
manufacturer,  but  the  principal  reason  for  its 
adoption  is  the  opportunity  it  affords  to  give 
the  best  possible  service  to  a  purchaser. 

In  breakers  that  are  made  in  large  quanti- 
ties the  standard  unit  types  are  alwaj^s  cheaper 
than  other  breakers  of  equal  quality  made  for 
similar  service,  and  the  time  to  manufacture 
and  deliver  are  lessened  considerabl3^ 

In  types  of  breakers  where  the  line  is 
limited,  or  the  sales  are  comparatively  small, 
the  actual  cost  of  standard  unit  construction 


may  be,  and  often  is,  greater  than  a  special 
breaker  built  for  a  specific  application;  but 
the  ultimate  cost  is  less,  because  of  the  saving 
in  cost  of  maintenance.  Repairs  are  easier  to 
make,  the  price  and  time  of  obtaining  parts 
are  less,  and  the  liability  of  extended  shut- 
downs is  decreased  materially. 

The  plan  followed  on  the  types  of  oil  cir- 
cuit breakers  hereinafter  described  is  to  stock 
the  unit  components,  this  being  of  advantage 
to  any  purchaser,  but  especially  to  large  com- 
panies which  have  on  their  systems  breakers 
of  various  types  and  sizes.  The  user  can  ob- 
tain complete  breakers,  or  replacement  parts 
more  readily,  and  he  can  also  carry  in  stock  a 
sufficient  number  and  variety  of  standard 
units  to  meet  any  ordinary  emergency. 

Fig.  3  illustrates  the  standard  unit  parts  of 
a  small  oil  circuit  breaker.  The  triple-pole 
breaker  shown  consists  of  five  standard  units, 


Fig.  7.  Moderately  High  Capacity  Oil  Circuit  Breaker  of  the 
FK  Type,  with  Four  Contacts  in  Each  Oil  Tank 


that  is,  the  mechanism  unit,  the  frame  unit, 
and  the  three  single-pole  units. 

The  mechanism  unit  with  the  addition  or 
omission  of  the  tripping  coils  is  the  same  for 
all  capacities  of  the  breaker ;  the  frame  unit  is 
the  same  for  all  breakers  of  the  same  munber 
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Fig.  8.     115.000-volt    High  Capacity  Oil  Circui 
of  the  FK  Type  Mounted  on  Floor 


of  poles;  and  the  pole  units  are  the 
same  for  all  breakers  of  the  same 
Voltage  and  ampere  rating'.  This 
]jrincii)le  applies  in  ^i-'neral  to  all 
new  developments  in  oil  circuit 
breakers.  The  details  vary,  how- 
ever, to  suit  the  particular  type  of 
eonstniction  involved. 

The  interrujjtin;.;  cajjacity  of  any 
oil  circuit  Ijreaker  dejjcnds,  amon^ 
other  thinj^s,  upon  the  ability  of 
the  breaker  to  resist  the  pressure 
produced  by  the  gases  generated 
in  the  tank,  and  the  secondary 
explosion  of  these  gases  when  mixed 
with  air  above  the  oil  level  within 
the  oil  tank;  and  if  the  other  de- 
termining factors  are  within  safe 
limits,  the  Vjreaker  which  has  the 
strongest  oil  tank  will  have  the 
greatest  interrupting  capacity. 

In  the  Type  FA'  oil  circuit  break- 
ers, except  those  of  considerable 
size,  the  arcs  are  drawn  openly  in 
the  oil,  and  are  free  to  move  to 
any  position  in   the  tank  as  may 


Fig.  9.     115.000-volt    High  Capacity  Oil  Circuit  Breaker  of  the  FK  Type, 

Mounted  on  Structural  Steel  Girders  which  Rest  on  Concrete  Foundation 

Pillars  between  which  a  Pit  is  Built  to  Allow  Removal  of  the  Oil  Tanks 


Fig.  10.     Single  Pole  of  High  Capacity  Oil 

Circuit  Breaker  of  the  FK  Type, 

showing     Insulating     Shield 

and  Explosion  Chamber 
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Fig.  12.    High  Capacity  Oil  Circuit  Breaker  of  the  FH  Type 
with  Single  Pole  Units,  Mounted  on  Removable  Trucks 


Fig.  13.     High  Capacity  Oil  Circuit  Breaker  of  the  FH  Type  Fig.  14.    High  Capacity  Oil  Circuit  Breaker  of  the  FH  Type, 

with  Semi-portable  Steel  Cell  Mounted  on  Removable  Truck 
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hr  (Irti'iiuiiinl  li\  the  inaj^'iielic  repulsion 
ul  the  ail-  and  the  size  and  shape  of  Ihe 
gas  volume.  In  the  largest  eapaeily  break- 
ers of  this  t_\  pe  adxanUiKe  is  taken  of  this 
known  action  in  a  very  novel  and  ellicient 
manner;  and  a  brief  descriptii)n  of  the  con- 
struction readily  shows  the  \-ery  high 
factor  of  safet>'  obtainai)le  with  a  mini- 
mimi  use  of  material.  In  these  cir- 
cuit breakers,  which  have  to  interrupt 
circuits  carrying  very  large  amounts 
of  power,  the  cjuantity  of  gas  gener- 
ated and  the  ilanger  of  the  arc  stabi- 
lizing are  so  great  that  it  becomes 
desirable  to  use  some  limiting  means 
to  reduce  the  gas  \^olume,  the  arc 
spread,  and  the  accompanying  gas 
explosive  pressures.  This  is  accom- 
plished by  the  use  of  a  strong  metal 
vessel  attached  to  the  lower  end  of 
the  insulating  bushing  as  shown  in 
Fig.  10.  By  means  of  these  chambers 
the  time  required  to  rupture  the  arc 
resulting  from  a  given  load  and  load 
condition  is  greatly  reduced.  Also 
the  \'olume  of  gas  generated  within 
the  oil  tank  is  reduced.  Moreover, 
this  gas  is  directed  downward  into 
the  oil  and  cooled,  which  reduces  its 
volume  and  also  makes  impossible  its 
igniting  any  explosive  charge  of  gas 
which  may  be  above  the  oil  level  in 
the  tank.  In  addition,  the  oil  which 
is  ejected  from  the  chamber  when  the 
breaker  opens  under  load  is  projected 
at  high  velocity  upon  the  incandes- 
cent end  of  the  electrode,  cooling  it 
and  making  reionization  much  more  '^' 

difficult. 

The  explosion  chamber  of  Type  FK  oil  cir- 
cuit breakers  is  of  small  cubical  capacity,  but 
is  constructed  to  withstand  pressures  of  many 
hundred  pounds  per  square  inch,  thus  re- 
lie^ang  the  large  outer  oil  tank  from  pressures 
which  might  be  destructive  if  the  arc  had 
been  drawn  directly  in  the  outer  tank. 

In  the  Type  FH  breakers  the  relative  in- 
terrupting capacities  depend  also  upon  the 
strength  of  the  oil  tank,  and  upon  the  physical 
dimensions  of  the  tank  combined  with  break 
distance,  speed  of  operation,  and  other  varia- 
ble quantities.  In  this  breaker  there  are  two 
or  more  breaks  per  pole,  and  each  break  is 
made  in  a  seamless  drawn  steel  oil  vessel  of 
great  strength  and  small  oil  capacity,  which 
assures  the  minimum  fire  hazard.  The 
vertically  moving  contact  rods  pass  through 
openings  in  insulating  baffle  plates  which  are 


sup])orte(l  so  as  to  withstand  high  pressures. 
When  the  contacts  part,  a  high  pressure  is 
generated  in  the  t)il  space  below  the  lower 
bailie,  and  this  high  pressure  ejects  the  oil  at 
high  sjjeed  into  the  jjath  of  the  arc  aiui  in- 
stantly extinguishes  it. 


Safety  Enclosed  Swing-out  Panel,  with  Type  FK-20  Oil  Circuit 
Breaker.     Unit  for  Mounting  on  Vertical  Flat  Surface 

Marked  progress  has  been  made  in  develop- 
ing means  which  will  pre\-ent  accidental  con- 
tact with  oil  circuit  breakers  while  alive,  and 
this  development  has  also  increased  the  effi- 
ciency of  operation  by  giving  greater  ease  of 
inspection,  adjustment,  and  replacement. 
The  method  is  to  enclose  and  interlock  the  oil 
circuit  breakers,  with  their  necessarj'  auxil- 
iary apparatus,  in  a  housing  so  that : 

1 .  Access  cannot  be  had  to  them  while  alive. 

2.  They  can  be  swung  out   or  drawn  out 

from  the  housing  when  dead. 

Figs.  12,  14,  15,  16  show  this  construction. 
With  the  Type  FA'  breakers  the  current  and 
potential  transformers  are  housed  in  the  same 
enclosure. 

Fig.  15  shows  an  industrial  type  of  oil  cir- 
cuit breaker  totallv  enclosed  in  a  steel  housing 


864     November,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  11 


and  consequently  free  from  the  hazard  of 
live  current  carrying  parts.  The  breaker 
as  shown  is  in  the  swing-out  position,  and 
it  is  so  interlocked  with  the  housing  that 
the  panel  can  be  swung  out  only  when 
the  breaker  is  in  the  off  position  and  the 
disconnecting  device  is  therefore  carrying  no 
current.  The  interlock  also  prevents  the  panel 
from  being  swung  back  into  operating  position 
when  the  breaker  is  in  the  on  position. 

Type  FK  breakers  may  be  operated  on  the 
removable  truck  plan  if  desired  and  when 
used  in  a  switchboard  of  truck  construction 
not  only  afford  the  highest  possible  degree  of 
protection  against  accident  to  the  operator, 
but  reduce  very  materially  the  duration  of  a 
possible  interruption.  And  it  is  the  consensus 
of  opinion  of  those  who  have  given  such  mat- 


oil  circuit  breaker  is  locked  so  that  it  cannot  be 
operated  until  the  disconnecting  switches  are 
entirely  open.  Then  the  breaker  mechanism 
can  be  operated  for  inspection  or  repair. 

It  is  impossible  to  close  the  disconnecting 
switches  except  when  the  oil  circuit  breaker  is 
open,  and  the  truck  and  breaker  are  open,  and 
the  truck  and  breaker  are  in  position  and  the 
cell  doors  closed. 

The  cell  doors  can  be  opened  and  removed 
only  when  the  disconnecting  switches  are  fully 
open. 

While  a  cell  door  is  open,  it  is  impossible  to 
close  the  disconnecting  switches  irrespective 
of  the  position  of  the  operating  mechanism. 

The  truck  cannot  be  removed  until  the  cell 
doors  are  open,  and  the  oil  circuit  breaker  is  in 
the  open  position. 


16.     Safety  Enclosed  Unit  Panel  Switchboard  Removable  Truck 
Type,  Front  View,  One  Truck  Removed 


ters  consideration  that  this  particular  kind  of 
panel  will  be  applied  more  and  more  as  time 
goes  on  and  eventually  will  supersede  the 
stationary  type  of  slate  or  marble  switch- 
board now  in  general  use. 

Type  FH  breakers  are  also  made  in  remov- 
able truck  form.  Fig.  12  and  Fig.  13,  so  that  the 
entire  breaker  or  any  pole  may  be  removed  for 
inspection  or  adjustment  and  a  spare  breaker 
placed  in  service  within  a  short  time.  With 
breakers  of  this  construction,  an  interlocking 
arrangement  is  used  which  possesses  several 
safety  features  that  are  worthy  of  mention. 

The  disconnecting  switches  on  all  phases  are 
opened  simultaneously. 

The  disconnecting  switch  cannot  be  opened 
until  the  circuit  has  been  opened  by  opening 
the  contacts  of  the  oil  circuit  breaker. 

As  soon  as  the  disconnecting  switches  are 
opened,  no  matter  to  how  small  an  extent,  the 


When  the  truck  is  removed  the  discon- 
necting switches  are  locked  in  the  open  posi- 
tion. 

The  description  of  the  oil  circuit  breakers  of 
the  types  illustrated  would  not  be  complete  if 
emphasis  were  not  laid  again  upon  the 
primary  importance  of  having  safety  in  in- 
stallation and  in  operation,  and  the  consensus 
of  opinion  among  operating  and  designing  en- 
gineers is  not  too  strongly  stated  when  it  is 
said  that  circuits  of  every  description  should 
be  fully  protected  against  accidental  contact 
and  that  in  modern  installations  of  electrical 
apparatus  every  precaution  must  be  taken  to 
avoid  the  possibility  of  any  accidental  con- 
tact with  live  parts.  The  manager  of  a  power 
plant  or  of  an  industrial  installation  who  per- 
mits the  use  of  apparatus  without  adequate 
safety  protection  is  not  conserving  his  re- 
sources in  a  proper  manner. 
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Interchangeable  Bushings  for  High  Voltage 
Apparatus 

Hy  liiGiCNii  U.  l£bY 
Kni.im:i  K,  llu.ii  X'oi.TAi.K  BrsHiNi.  Enginkivking  Department,  Genkkai.  Ki.kc  tkk;  Comi'asv 

Higli  voltage  bushings  were  for  a  long  linit?  one  of  the  limiting  features  of  high  tension  transmission.  The 
author  shows  that  the  ilitliculties  have  been  overcome  and  that  a  successful  line  of  bushings  have  been  standard- 
ized. There  now'  seems  no  limit  to  the  size  for  which  these  bushings  can  be  made.  This  article  contains  much 
valuable  data  which  should  be  known  by  those  interested  in  the  technical  side  of  transmission  line  develop- 
ments.— Editor. 


With  the  increase  in  volta^'c  and  .size  of 
power  transmission  systems,  the  intercon- 
nection of  such  systems,  and  the  demand  for 
greater  rehabihty  and  absence  of  ser\-ice 
interruption,  there  has  arisen  a  need  for 
greater  attention  to  the  high  voltage  bush- 
ings or  terminals  of  the  various  classes  of 
apparatus  connected  to  these  high  voltage 
circuits.  The  General  Electric  Company  has 
recognized  this  need  of  the  operating  com- 
panies by  the  establishment  of  a  High  Voltage 
Bushing  Engineering  Department,  which  is 
devoted  to  the  peculiar  problems  of  the  design 
and  manufacture  of  bushings  for  high  voltage 
apparatus. 


and  those  for  voltages  above  73,000,  which 
are  of  the  "filled"  type.  Some  of  the  more 
important  features  of  design  and  performance 
of  the  "filled  type"  bushings  are  dealt  with 
in  this  article. 

A  line  of  filled  type  bushings,  which  is 
partly  illustrated  in  Figs.  I  and  2,  has  been 
standardized  for  operating  voltages  between 


Fig.  1.      Filled  Type  Flange  Clamped  Porcelain  High  Voltage 
Bushings  for  Transformers.  Oil  Circuit  Breakers  and 
Lightning  Arresters.     Range  of  Operating  Volt- 
ages. 73,000  to  177,000  volts 

The  General  Electric  Company's  standard 
types  of  bushings  are  divided  into  two  groups: 
those  for  operating  voltages  not  exceeding 
73,000  volts,  which  are  of  the  "solid"  type. 


Fig.  2.     Filled  Type.  Flange  Clamped  Porcelain  High  Voltage 

Bushing  for  Transformers,  Oil  Circuit  Breakers  and 

Lightning  Arresters.      Maximum  Operating 

Voltage  250,000  Volts 

73.000  and  250,000  volts.  The  keynote  in 
the  design  of  these  bushings,  both  electrical 
and  mechanical,  has  been  reliability;  in  their 
application,    it    has    been    interchangeability. 
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As  illustrated  in  Fig.  3,  these  bushings  are 
interchangeable  between  all  the  standard 
classes  of  high  voltage  apparatus,  so  that  a 
given  bushing,  when  equipped  with  the 
proper  detachable  terminal  accessories,  may 
be  assembled  with  a  power  transformer,  an 


Fig.  3.      Filled  Type   High  Voltage   Bushings  Class   F2   400  A. 
Equipped  with  Terminal  Accessories   (Detachable)    for  the 
Class  of  Service  Indicated.   Left  to  Right:  Constant  Poten- 
tial Transformer,  Lightning  Arrester.  Oil  Circuit 
Breaker   and  Metering   Current   Transformer 

oil  circuit  breaker,  a  lightning  arrester,  a 
potential  metering  transformer  or  a  current 
metering  transformer,  or  may  be  transferred 
from  one  to  the  other.  They  are  supplied 
in  designs  adapted  to  high  and  low  altitude 
installations,  as  shown  in  Fig.  4,  according 
to  the  location  of  the  system,  and  are  uni- 
formly suitable  for  outdoor  service. 

Rating 

The  voltage  rating  of  a  bushing  is  related 
to,  and  should  not  be  less  than,  the  highest 
normal  operating  voltage  of  the  circuit  to 
which  it  is  connected.  As  far  as  the  bushings 
are  concerned,  this  normal  rating  should  apply 
to  all  parts  of  the  circuit,  including  both  the 
generating  and  receiving  ends  of  the  line. 
This  is  desirable  because  the  over-voltage 
stresses  to  which  the  bushings,  as  well  as  other 


insulation,  are  subjected,  may  be  as  great 
at  the  receiving  end  of  the  line  as  at  the  gen- 
erating end,  although,  under  normal  operating 
conditions,  the  voltage  at  the  receiving  end  is 
usually  lower. 

As  a  general  rule,  no  distinction  is  made 
between  systems  which  are  Y-connected, 
and  those  which  are  delta-connected,  in  so 
far  as  the  choice  of  bushings  is  concerned. 
This  is  the  regular  practice  also  in  the  case 
of  high  voltage  lightning  arresters.  No 
system  may  be  considered  grounded,  from 
the  standpoint  of  the  bushings,  unless  dead 
grounded  at  both  ends  of  the  line,  at  present 
a  rather  unusual  condition.  Even  such 
grounds  may  be  disconnected  from  the  sj^s- 


Fig.  4.  Filled  Type  High  Voltage  Bushings 
for  High  and  Low  Altitude  Service. 
Transformer  Contacts  on  Bush- 
ings, Lightning  Arrester  Trans- 
former   Contact    in    Center 
and   Oil    Circuit   Breaker 
at  Right 

tem  by  opening  the  high  voltage  oil  circuit 
breakers,  which  would  leave  the  line  bushings 
on  the  circuit  breakers  connected  to  un- 
grounded lines.  Until  ■  experience  has  shown 
conclusively  that  so-called  grounded  systems 
present  less  severe  operating  conditions  for 
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the  busliinj;s,  it  aijpears  to  hi-  j,'0(k1  ennincer- 
injj  practice  to  treat  all  systems  alike,  dis- 
rcKardiiifj  their  connections. 

The  coerticient  of  safety  is  based  on  the 
A.  I.  II.  E.  siK'cilications  for  the  test  voltage 
of  hijjh  voltajje  a|)ijaratus.  Takinjj  as  a  basis 
of  reference  the  hi),'hesl  test  specifications, 
namely,  two  and  one  quarter  times  the  normal 
line  voltage,  plus  2()()()  volts,  as  in  the  case 
of  oil  circuit  breakers,  it  has  been  found  by 
careful  review  of  past  experience  that  a 
factor  of  safety  in  the  bushings  represented 
by  a  ratio  of  7:1(1  to  !):!()  of  this  test  speci- 
fication,   has    resulted    in    occasional    flash- 


curve  rejjrcsenting  the  relative  flashover 
voltages  at  difTerent  altitudes  of  bushings  of 
the  tyi)c  shown  in  Fig.  1.  On  this  curve  it 
will  be  noticed  that  a  reduction  in  flash- 
over  voltage  of  about  12^2  P^^r  '■'^^^  '**  ihc 
result  of  an  increase  in  altitude  from  sea  level 
to4()()()  feet.  Likewise,  an  altitude  of  10,(Kj(J 
feet  corresponds  to  a  reduction  of  27  per  cent 
in  the  flashover  voltage.  Thus  a  bushing 
which  has  a  flashover  voltage  of  .■J7.'3,(J(M)  volts 
at  sea  level,  would  flashover  at  about  .i^O.IKJfJ 
volts  at  4()()()  feet  altitude,  and  at  about 
27o,0()()  volts  at  10,000  feet.  This  illustrates 
the    necessit\'    for    taking    into    account    the 
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Fig. 


s  showing  Variation  in  Flashover  Point  with  Change  i 
and  Correction  Factor  for  Different  Altitudes 


,  Altitude 


over  of  the  bushings  in  ser^'ice.  Ratios 
greater  than  1  have  always  given  successful 
operation.  The  test  specification  of  the 
A.  I.  E.  E.,  therefore,  is  considered  safe  and 
sufficient  for  the  bushings,  as  well  as  for  the 
completed  apparatus.  These  "filled  type" 
bushings  are  designed  to  withstand  a  test, 
w^th  or  apart  from  the  apparatus  with  which 
they  are  operated,  equal  to  the  test  specified 
in  the  Standardization  Rules  of  the  Institute. 
The  effect  of  altitude  on  the  flashover 
voltage  of  bushings  is  similar  to  its  efTect  on 
other  types  of  gaps,  such  as  lightning  arrester 
gaps   and   line   insulators.      Fig.    5   shows   a 


altitude  of  the  installation.  Since  the  maxi- 
mum one-minute  test  voltage  of  the  bushing 
is  definitely  related  to  the  flashover  voltage, 
it  follows  that  the  normal  operating  voltage 
is  also  definitely  related  to  the  flashover 
voltage,  and  consequently  is  affected  by  the 
altitude  of  the  installation.  For  instance,  a 
bushing  having  a  normal  operating  voltage 
rating  of  154,000  volts  at  sea  level,  would  be 
reduced  in  rating  to  135.000  volts  at  4000 
feet,  and  to  112,000  volts  at  10,000  feet. 

This  great  effect  of  the  altitude  upon  the 
rating  of  the  bushing  involves  only  the  upper 
end  of  the  bushing,  whose  insulating  surface 
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is  exposed  to  the  atmosphere.  The  puncture 
strength  of  the  bushing  is  not  afifected  by  the 
altitude,  nor  the  strength  of  the  insulating 
surface  of  the  lower  end  of  the  bushing,  which 
is  entirely  submerged  in  the  oil  of  the  appa- 
ratus in  which  it  is  assembled.  For  this 
reason,  installations  at  high  altitudes,  par- 
ticularly those  exceeding  4000  feet,  are 
supplied  with  "high  altitude"  bushings, 
whose  upper  section  has  been  lengthened  to 
increase  the  striking  distance,  corresponding 
to  the  decrease  in  the  dielectric  strength  of 


factors  of  safety  which  apply  to  all  instal- 
lations. Other  conditions  also  affect  the  flash- 
over  voltage,  such  as  the  condition  of  the 
surface  of  the  bushing,  whether  clean  or 
dirty,  different  degrees  of  humidity  and 
especially  rainfall.  All  of  these  conditions, 
likewise,  are  present  to  a  greater  or  less  degree 
at  all  altitudes,  and  at  all  places  of  instal- 
lation. Experience  has  shown  that  these 
conditions,  inclusive  of  temperatures,  are 
properly  provided  for  by  the  factor  of  safety 
represented  in  the  A.  I.  E.  E.  test. 


Dry  Flashover  of  Filled  Type  Flange  Cla 
Porcelain  Bushing  at  395,000  Volts 


air  at  the  high  altitude.  As  illustrated  in 
Fig.  4,  the  high  altitude  and  low  altitude 
bushings  are  exactly  alike  below  the  sup- 
porting flange. 

Temperature  also  affects  the  relative  air 
density,  and  consequently  the  arc-over  volt- 
age of  the  bushings.  A  difference  of  1  deg.  C. 
in  temperature  has  the  same  effect  on  the 
relative  air  density,  and  therefore  on  the  arc- 
over  voltage,  as  a  difference  in  altitude  of 
100  feet.  Thus  a  difference  of  40  deg.  C.  in 
temperature  corresponds  to  a  difference  of 
4000  feet  in  the  altitude  of  installation.  Such 
temperature  conditions,  however,  exist  at  all 
altitudes  and  have  to  be  considered  in  the 


There  should  be  some  definite  relation 
between  the  insulation  strength  of  the  bush- 
ing and  that  of  the  line  to  which  it  is  con- 
nected. There  exists,  however,  such  a  wide 
variation  in  the  actual  value  of  line  insula- 
tion, not  only  on  different  systems,  but  at 
different  points  on  the  same  system  and  at 
different  periods  of  time  after  the  erection 
of  the  line,  that  it  is  quite  out  of  the  question 
to  establish  any  very  definite  relation  between 
the  bushing  and  the  line  insulation.  Pro- 
tective devices  such  as  lightning  arresters, 
on  the  other  hand,  off'er  a  basis  of  comparison 
which  can  be  utilized  in  the  rating  of  the 
bushing. 


iNTi:kcii.\\(;i;.\iti.i:  hi  siiixcs  i-dR  iiicii  v'oi/rAc.ic  apparatus      sob 


Tests  have  shown  that  llu-se  standard 
bushings  arc  very  "slow"  under  high  fre- 
quency impulses,  wliieh  feature  is  highly 
desirable  in  order  that  high  frequency  dis- 
turbances shall  be  discharged  over  the  ])ro- 
tective  gaj),  rather  than  o\cr  the  bushings. 
On  the  other  hand,  in  order  to  safeguard 
against  low  frequency  disturbances,  it  is  well 
to  have  the  tiO-cycle  arc-over  voltage  of  the 
bushing  equal  to  at  least  twice  the  arc-over 
voltage  of  the  protective  spark  gaps.  This 
relation  results  from  the  theoretical  value 
of  the  reflected  wave.  Considering  a  wave 
of  potential  just  below  the  breakdown  voltage 
of  the  protective  spark  ga]),  such  a  disturb- 
ance would  not  be  discharged  upon  approach- 
ing the  apparatus  protected  by  the  spark  gap, 
and  the  wave  would  pass  on  to  the  trans- 
former or  end  of  the  line,  there  to  be  reflected 
at  theoretically  double  its  initial  value. 
Under  such  circumstances,  the  bushing  should 
not  flashover,  but  should  withstand  the  double 
value  of  the  wave,  which  would  then  be  dis- 
charged by  the  spark  gap. 

All  of  these  considerations  have  led  to  the 
assignment  of  an  arbitrarily  chosen  symbol 
to  each  bushing  in  the  standard  line  such  as 
Fl,  F2,  F3,  etc.,  to  the  "low  altitude"  bush- 
ings, and  FIA.  F2A,  F3A,  etc.,  to  the  "high 
altitude"  designs.  These  symbols  sen-e  to 
distinguish  the  different  sizes  of  bushings  in 
all  particulars  except  current  carrying  ca- 
pacity. The  "flat "  voltage  rating  has  been 
superseded  by  the  "voltage-altitude"  rating, 
so  that  a  given  bushing  may  operate  on  sys- 
tem.s  of  different  voltage  at  different  altitudes 
with  the  same  factors  of  safety.  This  classi- 
fication symbol  also  allows  the  bushing  to  be 
assigned  to  a  system  according  to  its  operating 
conditions  without  violating  any  arbitrarily 
established  voltage  rating. 

Performance 

With  bushings,  as  with  other  apparatus, 
and  all  the  more  so  because  upon  the 
bushing  depends  the  sen-iceability  of  the 
apparatus,  reliability  is  the  one  character- 
istic which  stands  out  above  all  others  in  the 
requirements  of  design.  The  successful 
bushing  must  be  able  to  withstand  all  of  the 
normal  and  abnormal  conditions  against 
which  ingenuity  can  fortify  it.  Among  the 
most  important  of  these  conditions  is  the 
ability  of  the  bushing  to  protect  itself  against 
destruction  from  voltages  in  excess  of  its 
breakdown  strength.  Not  only  must  the 
bushing  be  able  to  operate  under  all  normal 
voltages,  and  such  abnormal  voltages  as  are 


within  the  range  of  its  design,  but  it  should  be 
jirovided  with  a  safety  valve  against  still 
higher  voltages  which  would  endanger  its 
jnincture  strength,  and  consequently  its 
further  usefulness.  In  other  words,  the  bush- 
ing should  have  a  jjuncture  strength  greater 
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Fig.  8.     Curve  showing  the  Wet  Arc-over  Voltage  of  Bushings 
for  Various  Specific  Resistances  of  Water  and  the  Per- 
centage of  This  Voltage  to  Dry  Arc-over  Voltage 


than  its  flashover  strength,  or  conversely 
it  should  have  a  flashover  voltage  lower  than 
its  puncture  voltage.  That  is,  it  should  be 
able  to  withstand  flashover  without  puncture 
so  that  upon  application  of  a  voltage  exceed- 
ing its  flashover  voltage,  a  flashover  of  the 
bushing  will  result,  which  will  protect  it 
against  puncture.  This  is  one  of  the  char- 
acteristics embodied  in  the  line  of  filled  bush- 
ings here  described.  Figs.  6  and  7  illustrate 
this  characteristic  of  flashover  ■nnthout  punc- 
ture, both  dry  and  wet.  The  bushing  should 
be  able  to  withstand  such  an  experience  an 
indefinite  number  of  times. 

The  "speed"  of  the  flashover  of  a  bushing 
is  also  of  special  importance,  just  as  is  true 
of  protective  spark  gaps,  except  that  the 
bushing  should  have  the  opposite  character- 
istic from  the  spark  gap.  It  is  essential  that 
the  spark  gap,  installed  to  protect  the  other 
apparatus,  should  discharge  over-voltages 
promptly,  with  as  little  delay  or  "time-lag" 
as  possible.  Spark  gaps  differ  greatly  in  this 
respect.  Those  which  develop  corona  before 
flashover  are  subject  to  a  comparatively  long 
time  element,  and  are  termed  "slow." 
Those  w^hich  do  not  develop  corona  before 
flashover  are  fast.  Examples  of  these  two 
types  are  the  needle  gap  and  the  sphere  gap, 
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respectively.  The  bushing,  which  is  not  a 
protective  gap,  should  be  so  designed  that  it 
will  have  a  considerable  time  lag,  that  is, 
it  will  be  slow  to  flashover.  This  character- 
istic has  been  included  in  the  design  of  the 
filled  type  bushings. 
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Reference  has  already  been  made  to  the 
A.  I.  E.  E.  test  specifications  of  23^  times  the 
normal  line  voltage  plus  2000  volts.  In  order 
to  apply  this  test  for  a  period  of  one  minute 
it  is  necessary  to  provide  an  instantaneous 
flashover  value  of  about  10  per  cent  greater, 
or  about  2V2  times  the  normal  line  voltage. 
In  the  design  of  General  Electric  bushings,  a 
flashover  voltage  equal  to  at  least  three  times 
the  normal  line  voltage  is  provided,  and  in  the 
case  of  the  lower  voltage  ratings,  a  still  higher 
factor  is  used. 

The  wet  flashover  voltage  under  a  rainfall 
of  0.2  in.  per  min.,  at  an  angle  of  45  deg., 
varies  from  70  per  cent  to  90  per  cent  of  the 
dry  value,  depending  on  the  size  of  the  bush- 
ing, those  of  lower  rating  having  the  higher 
ratio.  The  value  of  the  wet  flashover  voltage 
is  afl^ected  greatly  by  the  specific  resistance  of 
the  water  used  in  making  the  wet  test.  It 
was  found  in  tests  on  a  sample  bushing,  that 
a  ratio  of  wet-to-dry  flashover  voltage  of 
80  per  cent  with  water  of  10,000  ohms  per 
cubic  cm.,  was  reduced  to  a  ratio  of  55  per 
cent  with  water  of  2000  ohms  resistance. 
Fig.  8  illustrates  the  variation  in  wet  arc  over 
of  a  bushing  due  to  change  in  the  specific 
resistance  in  the  test  water.  As  a  rule  rain 
water  is  higher  in  resistance  than  any  tap 
water  available  for  such  tests.  Distilled 
water  represents  an  artificial  condition  which 
should  not  be  employed  in  making  wet  tests 
on  bushings  and  insulators.  Naturally  dis- 
tilled water  gives  a  higher  wet  test  than  tap 
water  or  even  rain  water,  because  of  its  higher 
resistance. 


In  order  that  the  bushings  shall  not  dete- 
riorate under  the  voltage  stress  of  normal 
service,  the  insulating  surfaces  should  be 
entirely  free  from  corona  at  all  normal  volt- 
ages, and  preferably  also  of  double  normal 
voltage  or  those  voltages  which  may  appear 
repeatedly  on  the  line.  To  accomplish  this 
efficiently,  a  potential  distribution  is  neces- 
sary which  is  uniform  along  the  external 
insulating  surface  of  the  bushing.  This  is 
accomplished  in  the  filled  type  bushings  by 
features  of  design  which  give  an  essentially 
uniform  surface  distribution,  such  as  is 
illustrated  in  Fig.  9.  This  uniform  surface 
distribution  means  a  uniform  surface  effi- 
ciency, so  that  the  flashover  voltage  is  propor- 
tional to  the  striking  distance  through  the  air 
from  the  top  terminal  to  the  grounded  sup- 
port. The  ratings  of  the  bushings  are  therefore 
directly  proportional  to  their  linear  dimensions. 
The  absence  of  corona  on  the  insulating  sur- 
face, even  up  to  voltages  approaching  flash- 
over,  constitutes  a  protection  of  the  surface 
from  heating,  which  is  always  dangerous  to 
the  insulation.  Corona  is  not  suppressed, 
however,  on  the  metal  terminal  parts  at 
points  not  adjacent  to  the  insulating  surfaces, 
because  the  presence  of  corona  previous  to 
arc-over  represents  the  dissipation  of  energy, 
and  this  in  turn  requires  a  time  element  which 
increases  the  time  lag  of  the  bushing. 

Corona  within  the  tank  is  entirely  sup- 
pressed by  the  use  of  a  grounded  metal  sleeve, 
which  forms  the  central  portion  of  the  external 
shell  of  the  bushing.     The  upper  end  of  the 


Bottom         Low  Altitude         High  Altitude         Bottom 

Top  Top 

Fig.  10.    Porcelain  Parts  for  Bushings 

sleeve  is  flanged  to  form  a  support  upon  the 
cover  of  the  tank;  the  lower  end  extends  below 
the  surface  of  the  oil.  Thus  all  of  the  exposed 
surface  of  the  bushing  within  the  tank  is  at 
ground  potential,  and  there  can  be  no  dif- 
ference of  potential  along  this  surface,   and 


i\Ti:u('ii.\\(ii:.\i!i.i';  lusiiixcs  I'ok  men  x'oi/i'ACh;  aim'Aka'I'L's 


.S7I 


ronsi'cnK'iitl\-  no  cdi-diKi  or  sialic  ilischarj^e  on 
tlu'  hushin;^  in  tlio  air  spafc  al)ove  tlu-  oil. 
This  is  ossonlial  in  order  lo  prevent  danger 
from  the  oxi)losion  of  the  jjases  which  ina\' 
collect  in  the  air  space  hctween  the  oil  ami  the 
cover. 

These  hushin^js  are  all  desij;ned  io  carry 
the  rated  current  of  the  circuit  at  temperature 
rises  which  shall  not  injure  the  insulation  nor 
exceed  any  established  specifications.  In  the 
folknvinjj  paraj^raphs  attention  is  called  to  the 
current  carrying  circuit  throufi;h  these  bush- 
inj^s,  which  is  dilTerent  in  the  case  of  trans- 
formers and  oil  circuit  breakers. 


in>;s,  lias  iicrmitlcd  llie  flanj,'c  clam]jin)(  of  the 
few  remaininj.;  joints,  and  has  ffTcctively 
removeil  the  danjjer  of  oil  leaka^^'c. 

The  value  of  oil  as  an  insulalin>(  medium  is 
cN't'ry  where  reco(.;nized.  'I'his  applies  to 
Imshinj^'s  as  well  as  other  tyjies  of  hi^;h  vollai,'e 
apparatus.  Its  hi^h  insulatinj^  siren  j<th, 
reachin).;  extremely  high  values  under  im- 
jjulse  voltaRcs,  its  ability  to  circulate  freely 
and  thus  serve  as  a  heat  dissipatinj,'  medium, 
and  its  fluid  character  which  eliminates  air 
pockets  or  voids  in  the  insulation,  all  combine 
lo  make  mineral  oil  the  best  jjossible  insula- 
tion for  hi^di  \T)ltaj^'e  bushinj^s. 


Fig.  11.      Details  of  Flange  Clamped  Joint  of  Filled  Type  High  Voltage  Bushings 


Construction 

General  Electric  standard  filled  type  bush- 
ings as  illustrated  in  Fig.  1,  consist  of  an 
external  shell  of  porcelain  and  iron,  through 
which  there  passes,  from  end  to  end,  a  metal 
tube  surrounded  by  insulating  barriers,  spaced 
concentrically  to  form  ducts  filled  with  the 
oil,  or  insulating  compound.  The  porcelain 
shells,  one  above  the  grounded  metal  sleeve, 
and  the  other  below,  are  each  in  one  piece  as 
illustrated  in  Fig.  10,  which  shows  a  low 
altitude  top,  a  high  altitude  top,  and  two 
duplicate  bottom  sections.  The  develop- 
ment and  utilization  of  large  single-piece 
porcelains  for  bushings  rejjresents  a  decided 
advance  in  the  mechanical  construction.  It 
has  eliminated  the  numerous  joints  between 
the  narrow  sections  of  earlier  ty])es  of  bush- 


The  method  of  attaching  the  porcelain 
shells  to  the  adjacent  metal  fixtures  is 
illustrated  in  Fig.  11.  Around  the  grooved 
tapered  end  of  each  porcelain  is  a  flanged 
metal  clamping  ring,  secured  to  the  por- 
celain with  steam  cured  Portland  cement. 
The  end  of  the  clamping  ring  is  located 
flush  with  the  carefully  ground  end  of 
the  porcelain  which  rests  upon  a  varnish 
treated,  composition  cork  gasket,  between 
the  porcelain  and  the  machined  surface  of 
the  adjacent  metal  part.  By  means  of  the 
many  bolts  through  the  flanged  clamping 
ring,  the  gasket  is  tightly  compressed  between 
the  porcelain  and  the  adjacent  metal.  Thus 
a  joint  is  made  which  is  independent  of  any 
clamping  pressure  derived  from  the  center 
tube  through  the  bushing,  and  which  depends 
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for  its  tightness  upon  the  local  bolting  of  each 
clamping  ring.  The  universal  satisfaction 
which  this  construction  has  given  is  ample 
testimony  to  its  reliability. 

The  center  metal  tube,  extending  length- 
wise through  the  bushing  from  end  to  end, 
serves  in  the  case  of  constant  potential  trans- 
formers and  lightning  arresters,  as  a  conduit 
for  the  detachable  cable  conductor  which 
connects  the  transformer  winding  or  lightning 
arrester  cone  stack  to  the  top  terminal  of  the 
bushing.   In  the  case  of  oil  circuit  breakers,  this 


bushing  and  to  increase  the  puncture  strength 
between  the  center  tube  and  sleeve.  The  top 
of  the  bushing  is  fitted  with  a  glass  gauge, 
through  which  the  level  of  the  filler  may  be 
observed,  and  which  acts  as  an  expansion 
chainber  to  allow  for  the  change  in  volume  of 
the  filler  with  change  of  temperature.  In  the 
bottom  casting  there  is  a  drain  plug  for  draw- 
ing off  the  oil  when  necessary. 

Each  bushing  is  provided  with  a  name 
plate,  on  which  there  are  indicated  the 
nomenclature,  classification,  current  capacity, 


>.      110,000-volt  Outdoor  Trans- 
mer  Equipped  with  Class  F2 
High  Voltage  Bushings 


Fig.  14.     Assembled  Tank  Unit  of   115,000- 

135,000-volt  Aluminum  Lightning  Arrester 

Equipped  with  Class   F3  Line    Bushing 

and  Class  Fl  Neutral  Bushing 


center  tube  itself  serves  as  the  conductor,  con- 
nections being  made  at  the  ends  by  means  of 
suitable  detachable  contact  parts.  When  used 
on  a  current  metering  transformer,  the  center 
tube  of  the  bushing  serves  as  one  side  of  the 
double-conductor  circuit,  the  second  or  return 
conductor  being  a  concentric  rod  assembled 
inside,  and  insulated  from  the  center  tube. 

The  oil  space  inside  of  the  bushing  between 
the  center  tube  and  the  external  metal  sleeve 
is  divided  into  concentric  ducts  by  means  of 
insulating  cylinders,  which  serve  to  direct 
the  circulation   of  the  oil  lengthwise  of  the 


serial  number  and  specification  number.  A 
caution  plate  mounted  beside  the  name  plate 
indicates  the  kind  of  filler  used  with  the 
bushing,  i.e.,  whether  oil  or  compound,  and 
warns  against  an  admixture  of  the  two.  The 
oil  supphed  with  oil-filled  bushings  is  gen- 
erally of  the  same  quality  as  that  supplied 
with  the  apparatus  with  which  the  bushings 
are  to  be  used.  The  compound  in  compound- 
filled  bushings  is  the  General  Electric  Com- 
pany's standard  No.  239  which  is  a  heavy 
rosin  oil  mixture,  having  the  consistency  of 
thick  molasses. 
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("aiitiiiii  plates  on  hi^;li  alliludi'  hiisliinj^s 
stale  thai  lliey  should  bo  used  only  al  alti- 
tudes above  -loOO  feet.  This  restriction  is 
iin])osed  to  safej:;uard  the  |)uncturc  structure 
ot'  the  bushiiii.:;  aj^ainst  the  increased  arc-over 
vollaj^e  which  would  result  from  the  use  of  a 
high  altitude  bushing;  at  low  altitudes.  With 
the  accessories  assembled  on  these  bushinfjs 
for  current  metering;  traiisforniers,  there  is 
I)rt)vided  an  additional  name  plate,  indicatinj; 
the  combined  current  rating;  of  bushinj;  and 
accessories,  which,  because  of  the  double-con- 
ductor feature,  ma>'  dilTer  from  the  main  name 
plate  ratiuLj  of  the  bushin,L;  for  other  uses. 

Interchangeability 

A  bushing  of  this  type  may  be  used  on  a 
power  transformer,  a  potential  metering 
transformer,  a  current  metering  transformer^ 
an  oil  circuit  breaker,  or  a  lightning  arrester. 
Detachable  terminal  accessories  are  used  to 
adapt  the  bushing  to  any  one  of  these  classes 
of  apparatus.  The  bushing  may  be  inter- 
changed among  the  different  classes  of  appa- 
ratus by  exchanging  the  terminal  accessories. 
The  name  plate  rating  of  course  must  be 
observed  in  considering  interchangeability. 
Fig.  3  illustrates  the  four  classes  of  serv'ice 
to  which  these  bushings  are  adaptable. 


The  left-hand  bushing  in  this  figure  is 
eciuipped  with  terminals  for  a  constant 
potential  transformer.  The  conductor  is  a 
detachable  flexible  cable,  whose  lower  end 
extends  to  the  terminal  board  or  winding  of 
the  transformer,  while  the  ui)[jer  end  ter- 
minates in  a  threaded  stud,  secured  in  the 
lifting  hook  casting  at  the  top  of  the  bushing. 
By  loosening  this  connection  at  the  top,  the 
bushing  may  be  removed  from  the  trans- 
former without  effecting  an  entrance  through 
the  cover.  It  may  be  installed  likewise  by 
drawing  the  cable  u\)  through  the  center  tube 
while  the  bushing  is  being  lowered  onto  the 
cover.  This  eliminates  the  necessity  of 
removing  or  lowering  the  oil  in"  the  trans- 
former, which  is  usually  required  by  an 
internal  connection  to  the  bushing. 

The  second  bushing  in  Fig.  3  is  equipped 
with  terminal  parts  for  a  high  voltage  light- 
ning arrester.  The  contact  shoe  above  the 
top  terminal  is  a  part  of  the  transfer  device, 
used  for  charging  the  third  and  fourth  tanks 
of  a  four-tank  arrester.  In  this  case  also,  a 
flexible  detachable  conductor  is  used,  passing 
from  the  connection  on  the  cone  stack  up 
through  the  center  tube  to  the  top  terminal. 
The  neutral  side  of  the  arrester  is  usually 
fitted  with  a  lower  voltage  bushing,  which  is 


Triple  pole.  Single-thr 
Equipped  with  Cla 


w.  Solenoid  Operated  Oil  Cir 
:  F2  High  Voltage  Bushings 
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Method  of  Packing  Filled  Type  Bushings  for  Domestit 
Upright  in  Crates 


of  Single  Bushings  for 
Domestic  Shipment 


Fig.  18.    Roof  Entrance 
Bushing 


Fig.  19.    Another  Type 

of  Wall  Entrance 

Bushing 


not  interchangeable  with  the 
line  bushing,  but  usually  of 
similar  construction. 

The  third  bushing  in  Fig.  3 
shows  the  top  terminal  used 
with  oil  circuit  breakers.  This 
terminal  makes  connection  di- 
rectly to  the  center  tube,  which 
in  this  class  of  service  is  utilized 
as  the  conductor.  The  lower 
terminal  or  contact  head  which 
connects  to  the  lower  end  of  the 
center  tube,  is  not  shown  in  this 
illustration.  This  part  varies 
with  the  design  of  the  oil  circuit 
breaker,  and  is  different  for 
breakers  having  different  rup- 
turing capacities. 

The  fourth  bushing  shows  the 
terminal  accessories  for  use  with 
a  current  metering  transformer. 
In  this  case,  the  center  tube 
serves  as  one  conductor,  and  a 
concentric  rod  within  the  tube 
and  insulated  from  it  provides 
a  return  circuit.  The  two  con- 
nections at  each  end  of  the  bush- 
ing are  clearly  distinguished  in 
the  illustration.  Only  one  bush- 
ing is  used  on  a  single  trans- 
former, and  two  such  bushings 
on  a  metering  outfit,  containing 
two  transformers. 

These  four  classes  of  appa- 
ratus to  which  these  bushings 
are  applied  interchangeably  are 
illustrated  in  Fig.  12,  Fig.  13, 
Fig.  14  and  Fig.  15,  showing  a 
power  transformer,  an  oil  circuit 
breaker,  a  lightning  arrester  and 
a  current  metering  transformer, 
respectively. 

Packing  and  Shipping 

For  domestic  shipment,  these 
bushings  are  usually  packed 
upright  in  crates  as  illustrated 
in  Fig.  16.  Compound-filled 
bushings  are  shipped  filled; 
Oil-filled  bushings  are  usually 
shipped  empty  with  the  oil  in 
separate  containers,  although 
they  can  be  shipped  filled  when 
desirable. 

When  horizontal  shipment  to 
domestic  customers  is  necessary 
or  desirable,  the  bushings  are 
packed   singly   in  a  double   ex- 
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cclsior  liiK'il  lidx  as  slinwii  in  I'i^;.  17.  I'lu- 
fori'i^^n  sltiimu'nl.  a  siiuilai'  lorm  nf  liorizoiiLiil 
jiai'kinj;  is  oni|iliiyi'cl,  except  thai  ;i  heavier 
const riu'l ion  is  nscd  Ui  meet  the  more  severe 
reiiuirements  of  foreign  sliipment.  This  is 
shown  in  Fij;.  20. 

Entrance  Bushings 

Hushinj^s  of  tiie  same  j^eneral  construction 
as  described  for  the  interchanjjealjle  type 
have  been  developed  with  the  modifications 
rec|uired  for  roof  and  wall  entrance  service. 
I-'ii;.  IS  shows  a  hif^h  altitude  roof  entrance 
hushini;  of  the  compound-filled  type,  and 
l-'ii;.  1!)  shows  a  low  altitude  oil-filled  wall 
bushing.  These  bushings  are  made  as  far 
as  practicable  from  parts  of  the  interchange- 
able standard  bushings.  Thus  an  additional 
to|3  porcelain  with  clamping  rings  attached, 
such  as  used  on  the  standard  apparatus  bush- 
ing, will  serve  as  a  spare  part  not  only  for  the 
apparatus  bushing  but  for  either  end  of  the 
roof  and  wall  bushings. 

The  center  tube  of  the  roof  and  wall  bush- 
ings is  utilized  as  the  conductor  with  a  ter- 
minal coupling  at  either  end.  The  outside 
end  of  the  wall  bushing  is  closed  with  a  metal 
expansion  member,  to  allow  for  the  different 
expansion  of  the  metal  tube  and  the  por- 
celain shells.  A  connection  is  provided  on 
the  wall  bushing  from  the  grounded  metal 
sleeve  to  an  external  oil  reservoir,  with  a 
sight  gauge  in  the  pipe  for  observing  the  oil 
level. 


Koof  or  wall  thimbles  arc  supplied  when 
dcsirt'd.  In  the  case  of  the  roof  thimble,  the 
opening  is  made  large  enough  to  pass  the 
supporting  flange  of  the  bushing,  and  an 
intermediate  adajiter  is  provided  between 
the  busiiing  and  the  thimble.  This  allows  the 
busliing  to  be  hoisted  through  the  roof 
tiiiml)le  from  within  the  i)uilding,  which  is 
freciuently  more  convenient  than  raising  it  to 
the  roof  from  the  outside.  Both  the  bushing 
adapter  and  the  roof  and  wall  thimbles  are 
laid  out  to  receive  standard  blank  jjipe  flanges 
for  closing  the  openings  during  construction 
or  previous  to  installation  of  the  bushings. 

Acknowledgment 

In  the  designs  which  have  been  described 
and  illustrated  there  is  provided  for  the 
operating  and  transmission  companies  a  line 
of  high  voltage  bushings  whose  reliability 
has  been  thoroughly  demonstrated,  and  whose 
complete  interchangeability  has  been  the 
hope  and  desire  of  construction  engineers.  A 
large  and  valuable  contribution  to  these 
results  has  been  made  by  many  engineers, 
both  within  the  General  Electric  Company 
and  among  the  operating  companies,  whose 
friendly  co-operation  and  constructive  criticism 
have  been  both  welcomed  and  utilized  in  the 
development  of  these  bushings.  The  author 
desires  to  acknowledge  his  indebtedness  to 
those  who  have  so  generously  assisted  w'ith 
their  engineering  skill  and  operating  experience 
in  the  solution  of  this  important  problem. 


Horizontal  Packing  of  Filled  Bushings  for 
Shipment  to  Foreign  Co 


S76     November,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol  XXII,  No.  11 


Power  and  Transmission 

By  H.  H.  Dewey 
Power  and  Mining  Engineering  Department,  General  Electric  Company 

The  stimulus  of  feeding  our  gigantic  war  machine  affected  the  power  supply  companies  in  a  peculiar  man- 
ner. While  the  demand  for  power  increased  enormously,  the  normal  supply  of  generating  equipment  to  meet 
that  need  was  not  immediately  forthcoming,  due  in  part  to  the  urgency  with  which  the  necessary  raw  materials 
were  required  for  the  production  of  munitions,  and  in  part  to  the  long  time  essential  for  manufacture.  To  supply 
this  deficiency  the  tendency,  already  in  evidence,  toward  interconnection  of  power  systems  was  (greatly  en- 
hanced. The  author  graphically  sketches  the  most  striking  features  of  this  tendency,  and  calls  attention  to 
many  of  the  problems  which  must  be  anticipated  and  solved  if  it  is  to  continue  at  the  present  rate.  The  ex- 
perience of  over  a  decade  in  the  design  and  operation  of  large  power  systems  has  convinced  him  of  the  necessity 
for  co-operation  between  manufacturers  of  electrical  apparatus  and  the  operators  who  use  them,  if  serious  diffi- 
culties in  the  handling  of  future  power  networks  are  to  be  avoided. — Editor. 


During  the  past  few  years  the  development 
of  large  hj^dro-electric  power  projects  has  been 
practically  at  a  standstill  owing  to  the  war 
and  general  economic  conditions.  The  end 
of  the  war  saw  a  great  shortage  of  power  in 
practically  all  civilized  countries,  even  though 
extensive  steps  had  been  taken  to  increase  the 
efficiency  with  which  the  sources  of  power, 
coal,  oil,  gas  and  water  M'ere  used.  The 
demand  for  power  increased  enormously  dur- 
ing the  war  due  to  the  necessary  substitution 
of  electrically  driven  machinerj^  for  labor  in 
many  industries  and  the  development  of  new 
manufacturing  processes  requiring  electric 
power  in  large  quantities. 

In  the  face  of  these  conditions  the  large 
power  companies  arose  to  the  occasion  as  best 
they  could  and  squeezed  the  last  kilowatt 
from  their  power  supply,  pooling  their  inter- 
ests with  rival  companies  to  take  advantage 
of  the  last  gallon  of  water  in  their  hydro- 
electric developments  and  to  burn  every 
pound  of  coal  at  its  maximum  efficiency. 
Electrical  machinery,  cables  and  transmis- 
sion lines  were  called  upon  for  heavy  con- 
tinuous overloads,  considered  far  from  safe 
in  normal  times,  but  the  exigencies  of  the 
occasion  demanded  the  heroic  measures  that 
were  taken  with  surprisingly  few  disastrous 
results. 

Toward  the  end  of  the  war  there  were 
strong  indications  that  new  developments 
must  be  undertaken,  even  under  the  condi- 
tions of  labor  and  high  prices  of  material 
existing,  and  many  projects  were  being  inves- 
tigated and  a  few  even  started  during  the  latter 
months  of  the  war.  Some  of  these  develop- 
ments were  financed  by  the  Government  and 
others  encouraged  in  every  way  possible. 
Notable  among  these  was  the  decision  of  the 
Cliff  Electrical  Distributing  Company  to  ex- 
tend their  hj^dro-electric  development  at 
Niagara  Falls.  Three  32,500-kv-a.  generators 
were  purchased  and  are  well  under  wa}'  at 


this  time.  This  decision  was  reached  at  a 
time  when  there  was  a  crj'ing  need  for  power 
at  Niagara  Falls  for  war  purposes,  and  had 
the  war  continued  great  use  would  have  been 
made  of  the  output  of  these  large  machines. 

Other  developments  under  way  were  the 
large  steam  plant  at  Sheffield  for  interconnec- 
tion with  the  Alabama  Power  Company  for 
the  purpose  of  furnishing  power  for  the  Air 
Nitrates  Company  at  Sheffield.  Work  has 
been  going  on  by  the  Government  engineers 
at  Muscle  Shoals,  making  preliminary  plans 
for  the  development  of  a  large  hydro-electric 
project  on  the  Tennessee  river,  which  is 
expected  to  take  over  the  load  of  the  nitrates 
plant  and  supplement  other  hydro-electric 
power  in  this  section. 

For  the  most  part,  however,  few  new  pro- 
jects have  been  undertaken,  with  the  result 
that  practicalh'  all  of  the  power  companies 
have  little  power  to  sell,  and  it  would  seem 
that  extensive  developments  in  the  next  few 
years  along  the  lines  of  large  power  systems, 
both  hydro-electric  and  steam,  with  long  dis- 
tance transmission  in  many  cases,  can  be 
expected.  There  is  no  immediate  prospect  of 
a  great  reduction  in  the  cost  of  either  material 
or  labor,  and  such  projects  will  be  handicapped 
by  these  conditions,  but  demands  for  power 
indicate  that  many  of  these  developments 
must  be  put  through  even  under  existing 
conditions. 

The  European  countries  are  seriously  handi- 
capped by  a  fuel  shortage,  and  are  making  an 
extensive  survey  of  their  hydro-electric  pos- 
sibilities in  a  manner  never  before  attempted. 
Man}'  projects  are  being  investigated  involv- 
ing hundreds  of  thousands  of  kilowatts,  with 
long  distance  transmission  that  must  be  ac- 
complished at  voltages  in  excess  of  any  hitherto 
employed  in  these  countries.  Conditions 
are  somewhat  different  from  those  in  the 
United  States,  but  there  is  a  tendency  to 
take   advantage   of   the    experience   in  high 
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\'olt;i^;i'  Ininsmission  llial  wc  1i;l\c  j^aiiicd, 
ami  man\-  of  the  projects  arc  being  layed  out 
in  a  preliminary  way  along  the  lines  of 
American  practice. 

Many  projects  are  being  studied  in  South 
American  countries  for  the  development  of 
large  blocks  of  power  and  for  long  distance 
transmission,  some  of  which  involve  longer 
distances  of  transmission  than  have  been 
previously  used,  at  altitudes  which  are  in 
excess  of  any  now  in  existence ;  and  many  new 
jn-oblems  are  being  presented  for  the  high 
tension  engineer  to  solve. 

In  our  own  country  the  dcnmnds  during 
the  period  of  the  war  have  cavised  the  con- 
centration of  larger  amounts  of  power,  due  to 
the  interconnections  of  existing  systems,  than 
were  previously  employed  and  the  problems 
of  operation  have  become  proportionately 
more  comjjlicated.  Until  the  past  few  years 
few  systems  exceeded  a  connected  generating 
capacity,  in  any  one  s\stem,  of  150,000  kw. 
and  even  those  were  in  manv  cases,  either 
split  into  blocks  of  50,000  to  75,000  kw.  with 
an  emergency  tie,  or  these  blocks  were  con- 
nected together  with  comparatively  light 
circuits  which  could  be  automatically  dis- 
connected under  conditions  of  short  circuit 
or  other  trouble.  There  are  now  several 
systems  solidly  connected  together  with  a 
generating  capacity  exceeding  200,000  kw., 
which,  under  short  circuit  conditions,  will 
concentrate  in  excess  of  1,000,000  kv-a.  in 
the  fault,  where  previoush-  few  systems  would 
give  in  excess  of  one  half  of  this  amount.  The 
tendency  toward  the  increase  in  size  of  power 
stations  and  the  interconnection  of  systems, 
presents  a  very  real  problem  to  the  designing 
and  operating  engineer,  in  so  designing  his 
system  that  the  concentration  of  energy,  dur- 
ing trouble  in  a  short  circuit,  can  be  safely 
handled  by  oil  circuit  breakers  and  other 
protective  devices.  Mr.  Merrick's  paper  in 
this  issue  calls  attention  to  some  of  the  prob- 
lems that  are  apt  to  be  met  in  sj-stems  of 
this  kind. 

The  use  of  outdoor  apparatus  for  high 
voltage  work,  both  in  the  sub-station  and 
generating  station  equipment,  is  being  more 
and  more  extended.  Only  slightly  more  than 
five  years  ago  the  station  designer  very  gin- 
gerly considered  the  possibility  of  placing 
transformers  and  oil  circuit  breakers  out  of 
doors,  and  went  to  considerable  expense  to 
provide  for  all  possible  contingencies.  Such 
projects  were  only  considered  where  the 
climate  was  especially  favorable,  and  even 
then    much    criticism    was    heard    of    this 


radical  step.  Experience  has  proved,  how- 
ever, that  j)ractically  all  high  tension  equip- 
ment can  i)e  safely  installed  out  of  doors, 
even  in  very  severe  climates,  and  our  most 
conservative  engineers  are  laying  out  their 
sub-stations,  and  in  many  cases  their  power 
stations,  with  all  high  tension  equiijmcnt  out 
of  doors.  The  space  factor  that  can  be  used 
in  many  cases  renders  the  equipment  even 
safer  than  it  would  be  if  installed  indoors  in  an 
expensive  building.  Great  economies  have 
been  effected  along  these  lines. 

There  is  a  tendency,  in  addition  to  placing 
the  high  tension  transformers  and  oil  circuit 
breakers  out  of  doors,  to  go  still  further  and 
make  an  attempt  to  save  the  large  investment 
in  a  power  house  by  building  generators  that 
can  be  safelj-  operated  out  of  doors.  In  some 
of  the  extremely  large  developments  many 
hundreds  of  thousands  of  dollars  can  be  saved 
by  building  generating  equipment  for  out  of 
doors  use,  and  with  the  present  high  cost  of 
material  and  labor,  and  the  necessity  for  as 
economical  a  development  as  possible,  there 
seems  to  be  no  inherent  reason  why  the 
complete  equipment  for  a  large  hydro-electric 
development  should  not  be  placed  out  of 
doors. 

The  cover  illustration  was  sketched  by 
Mr.  C.  M.  Hackett  after  an  extensive 
study  of  the  possibilities  of  different  designs 
for  a  large  development,  involving  the  use  of 
fifteen  25,000-kv-a.  generators.  The  sketch 
illustrates  one  of  several  proposals  for  this 
development,  and  it  will  be  noted  that  the 
generators  are  built  into  and  are  integral 
with  the  downstream  face  of  the  concrete  dam, 
which  is  built  up  as  a  two-deck  structure.  The 
generator  proper  is  located  between  decks, 
with  only  the  waterproof  cover  and  the  thrust 
bearing  housing  showing  above  the  upper  deck 
to  indicate  the  presence  of  a  300,000-kw. 
generating  station.  A  gantry-  crane  will  be 
used  to  handle  the  generators  and  water- 
wheels  during  installation  and  for  repairs. 
The  ventilation  is  arranged  so  that  air  may  be 
taken  in  from  the  outside  and,  after  passing 
through  the  generators,  discharged  to  the 
outside  through  the  louvres  showing  above 
the  deck;  or,  in  cool  weather,  all  or  part  of 
the  heated  air  may  be  discharged  between 
decks  and  recircidated.  It  is  proposed  to 
house  the  auxiliarj^  equipment,  consisting  of 
exciters,  pumps,  piunping,  signal  equipment, 
etc.,  in  the  space  between  decks,  but  all 
switching  equipment,  possibly  including  even 
the  low  tension  switches,  ■nail  be  of  the  outdoor 
type  and  located  on  the  shore  as  shown  in 
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the  right-hand  background.  Connections 
from  the  generators  to  the  switchgear  are 
carried  in  the  concrete  tunnel  shown  on  the 
apron  of  the  dam  above  and  back  of  the 
generators.  Operation  is  to  be  .from  the  con- 
trol house  on  the  shore  adjacent  to  the  switch 
yard. 

The  saving  that  could  be  realized  with  an 
installation  of  this  kind  will  be  appreciated 
when  it  is  considered  that  the  generators  and 
waterwheels  must  be  installed  on  approxi- 
mately 60-foot  centers,  which  would  require 
a  power  house  about  1000  ft.  long 

Another  source  of  economy  in  the  develop- 
ment of  hydro-electric  stations,  especially 
those  of  small  capacity,  may  be  the  employ- 
ment of  automatic  or  remote  controlled  gen- 
erating stations.  Automatic  railway  sub- 
stations have  been  in  operation  for  a  sufficient 
length  of  time  to  illustrate  their  economy, 
and  it  is  not  unreasonable  to  expect  similar 
economies  with  small  hydro-electric  generat- 
ing stations.  The  saving  in  labor  effected 
would  be  no  small  item  in  the  operating  ex- 
pense of  such  stations.  Mr.  A.  G.  Darling's 
article  in  this  issue  describes  some  of  the 
features  that  should  be  taken  into  account 
in  the  design  of  such  stations. 

It  has  been  the  dream  of  many  engineers 
and  some  captains  of  finance  to  extend  trans- 
mission systems  until  practically  the  whole 
country  is  connected  together  into  one  vast 
transmission  system.  The  advantages  of 
diversity  of  load  because  of  differences  in 
standard  time,  differences  in  the  run-off  from 
the  various  watersheds,  the  types  of  industry 
to  be  served,  the  natural  location  of  water 
and  fuel  for  auxiliary  steam  plants,  etc.,  are 
features  that  without  doubt  would  be  of 
tremendous  advantage  from  an  economic 
point  of  view  if  such  an  arrangement  could 
be  brought  out.  A  comprehensive  scheme 
for  putting  through  such  a  project  on  a  large 
scale  has  not  as  yet  been  satisfactorily  worked 
out.  In  certain  parts  of  the  country,  such 
as  the  New  England  States,  in  certain  sections 
of  the  Southern  States  and  in  California  and 
some  other  sections  of  the  country  a  great  deal 
has  been  done  along  these  lines  and  very  con- 
siderable economy  effected.  This  has  been 
accomplished,  however,  only  where  existing 
systems  came  within  easy  striking  distance  of 
each  other  and  tie  lines  could  be  constructed 
with  comparatively  little  expense,  to  eft'ect  an 
exchange  of  power  between  the  systems. 
Where  long  distances  have  to  be  traversed 
carrying  large  blocks  of  power,  the  investment 
would  be  considerable  and  it  will  probably 


be  difficult  for  some  time  to  sufficiently  inter- 
est enough  captial  to  put  through  an  extensive 
trunk  line  system  for  the  economical  transfer 
of  power  from  one  section  of  the  country  to 
another. 

Much  interest  is  being  developed  in  the 
electrification  of  trunk  line  railroads,  especi- 
ally where  heavy  traffic  is  involved.  Should 
we  greatly  increase  the  electrification  of  our 
main  line  railroads  an  extensive  system  of 
transmission  lines  would  be  necessary  for  the 
supply  of  power.  Such  a  system  would  cross 
the  territory  now  covered  by  transmission 
systems  and  these  transmission  lines  would 
undoubtedly  be  used,  not  only  for  carrying 
the  necessary  power  for  the  electrification  of 
the  railroads,  but  for  the  transfer  of  energy 
between  existing  systems  and  would  allow  the 
strategic  location  of  large  and  economical 
steam  turbine  plants,  where  cooling  water  and 
transportation  facilities  would  present  the 
maximum  advantages. 

From  time  to  time  the  question  of  the  rel- 
ative economy  of  transporting  fuel  by  rail 
from  its  source  to  power  plants  located  at  the 
center  of  the  load  versus  the  project  of 
building  large  steam  plants  at  coal  mines 
and  transmitting  power,  has  been  discussed. 
A  difference  of  opinion  as  to  the  relative 
advantages  has  been  apparent,  this  difference 
of  opinion  probably  being  due  to  particular 
projects  that  have  come  under  consideration. 
The  initial  investment  in  transmission  lines 
with  a  more  or  less  fixed  capacity  for  a  given 
distance  makes  a  project  of  this  kind  dif- 
ficult to  handle.  The  location  of  coal  mines 
is  generally  at  a  considerable  distance  from 
points  where  extremely  large  blocks  of  power 
can  be  utilized  and  at  the  same  time  there  is 
usually  a  dearth  of  cooling  water  at  the  mines. 
Such  projects  as  the  Windsor  Development 
of  the  American  Gas  &  Electric  Company, 
the  West  Pennsylvania  Traction  Company, 
the  Lehigh  Power  and  Navigation  Develop- 
ment at  Hauto  and  a  few  others  have  illus- 
trated the  economy  of  large  steam  plants  near 
the  mines.  Their  range  is  more  or  less  limited, 
however,  and  we  have  yet  to  see  a  develop- 
ment of  very  large  proportion  reaching  out 
with  large  blocks  of  power  for  great  distances 
from  the  mines.  The  longest  transmission 
line  at  the  present  time  is  that  of  the  Southern 
California  Edison  Company,  which  transmits 
approximately  60,000  kw.  for  a  distance  of 
240  miles.  It  would  take  a  large  number  of 
such  transmission  lines  to  serve  New  York 
and  New  England,  from  the  mines  of  Penn- 
sylvania, for  instance.     Higher  voltages  are 
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in  sight  for  siuli  projects,  and  it  is  possible 
that  we  shall  see  in  the  near  future  some 
dcveloiiinents  of  this  kind  that  will  iirove  In 
be  economical.  Mr.  R.  j.  McCIelland's 
article  in  this  issue  discusses  a  project  of  this 
kind  and  his  arguments  in  favor  of  the  eco- 
nomical side  of  such  a  development  are  very 
convincing. 

The  operation  of  transmission  systems  made 
up  of  thousands  of  miles  of  high  tension 
lines  will  undoubtedly  [)resent  many  problems 
but  as  yet  none  have  come  up  that  cannot 
be  solved.  The  natural  growth  of  such 
systems  will  in  most  cases  pennit  picking  up 
many  loads  in  \-ari(nis  sections  if  care  is  taken 
in  the  original  la\-out.  Very  long  high  voltage 
lines  are  difficult  to  handle  when  unloaded  on 
account  of  the  charging  current,  and  they 
may  be  a  source  of  high  voltage  trouble  if  the 
load  is  tripped  off  accidentall\-  leaving  a  long 
section  of  unloaded  line  on  a  comparatively 
small  generating  station.  Mr.  T.  A.  Wor- 
cester's paper  in  this  issue  discusses  this 
point  in  the  case  of  very  high  voltage  lines. 
Several  systems  are  now  operating  having  in 
excess  of  1000  miles  of  single  circuit,  110,000- 
volt  lines  connected  together,  with  compara- 
tively little  difficulty  from  this  source. 

Another  source  of  anticipated  difficulty  in 
the  extensive  interconnection  of  systems  is 
the  probability  of  trouble  in  one  section 
affecting  service  disastrously  on  all  other 
parts.  The  greater  the  number  of  circuits 
there  are  extending  over  wide  areas,  the 
greater  the  total  number  of  line  short  circuits 
there  must  be  and  if,  as  some  engineers  antic- 
ipated, the  whole  system  were  aft'ected  seri- 
ously each  time,  it  would  be  out  of  the  ques- 
tion to  operate  such  a  network.  Experience 
has  shown,  however,  that  with  long  lines  of 
high  reactance  connecting  together  distant 
parts  of  the  system,  short  circuits  have  a 
comparatively  local  effect  only  and  if  the 
system  is  well  laid  out,  and  proper  attention 
is  given  to  relaying  so  as  to  cut  out  quickly 
the  part  in  trouble,  no  disastrous  effects  are 
met  with.  See  Mr.  R.  Treat's  article  in  this 
issue  for  a  discussion  of  the  relay  problem. 

One  of  the  most  important  features  in  the 
operation  of  such  a  system  or  interconnection 
of  systems  will  be  the  question  of  load  des- 
patching or  power  despatching.  For  such  a 
system  to  be  an  economical  success  not  only 
must  all  water  be  used  at  all  times  but  steam 
stations  and  the  transmission  system  as  well 
must  be  operated  in  the  most  economical 
manner.  Stream  flow  at  the  dam  sites  must 
be  anticipated  and  steam  plants  brought  into 


service  or  shut  down  at  the  jjroper  time  with 
due  respect  to  the  system  demand  for  [jower 
and  the  use  of  water  and  fuel. 

All  large  ])ower  companies  jjlace  great  im- 
jjortance  on  their  load  despatching  system, 
and  have  an  eflicicnt  organization  studying 
the  load  and  water  and  steam  conditions 
constantly,  keeping  accurate  records  of  chang- 
ing conditions.  Where  large  amounts  of 
territory  are  covered  local  load  despatchers 
are  employed,  reporting  to  the  main  office. 
Should  our  networks  grow  to  the  proportions 
suggested,  the  local  sections  would  be  des- 
patched as  now,  but  an  elaborate  system  of 
records  and  co-operating  load  despatchers 
would  have  to  report  regularly  to  central 
offices  where  constant  studies  were  being  made 
to  utilize  the  resources  most  efficiently. 

Such  a  vast  system  as  we  have  visualized 
would  undoubtedly  be  under  the  control  of 
many  individual  interests  and  many  diffi- 
culties would  be  encountered  in  working  out 
proper  rates  for  exchange  of  power,  co-opera- 
tion between  operating  forces,  local  managers, 
etc.,  and  an  efficient  and  powerful  organiza- 
tion directing  matters  would  be  necessary. 

It  is  becoming  more  and  more  apparent  that 
we  are  at  an  important  point  in  the  develop- 
ment of  Power  and  Transmission,  and  some 
systematic  study  of  the  conditions  to  be  met 
should  be  made. 

Developments  in  this  field  up  to  the 
present  time  have  been  made  with  no  com- 
prehensive plan  in  mind,  and  we  find  our- 
selves confronted  with  problems  and  limita- 
tions that  were  not  altogether  anticipated. 
The  rapid  growth  in  the  electrical  industrs^  in 
the  past  few  years  makes  it  ven.-  evident  that  a 
great  amount  of  power  must  be  de\-eloped  and 
transmitted  economically  and  efficiently  with 
great  attention  given  to  reliability  of  ser\-ice. 
To  best  meet  this  situation,  future  plans  must 
utilize  all  of  the  experience  obtained  from  our 
past  developments  and  proper  weight  must 
be  given  to  the  requirements  to  be  met  and 
the  facilities  at  hand  for  meeting  them. 

A  considerable  amount  of  study  has  been 
given  various  phases  of  the  situation  by  many 
engineers  working  more  or  less  independently, 
and  many  \-aluable  suggestions  have  been 
made  for  taking  care  of  the  future  needs  of  the 
country  with  respect  to  the  proper  develop- 
ment and  transmission  of  power.  Many  prob- 
lems remain  yet  to  be  solved,  however,  and 
some  means  should  be  devised  for  coordinat- 
ing the  work  of  the  \-arious  engineers  to  ob- 
tain the  best  results.  A  close  co-operation  be- 
tween   the    engineering   societies,    consulting 
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and  operating  engineers,  as  well  as  manufac- 
turing companies,  is  necessary  in  order  that 
the  economic  demands  of  the  country  may  be 
served. 

The  limitations  in  concentration  of  power, 
and  in  voltage  of  transmission,  require  special 
consideration,  and  while  many  opinions  have 
been  expressed  as  to  what  the  limitations 
are,  if  any,  the  subject  is  far  from  being  ex- 
hausted. The  construction  and  insulation  of 
high  voltage  transmission  lines  has  passed 
through  various  evolutions  during  the  past 
few  years  and  there  is  still  a  considerable 
difference  of  opinion  as  to  the  factors  of  safety 
necessary.  With  increasing  length  of  lines 
and  higher  voltages  in  sight,  the  cost  of  the 
transmission  Hne  becomes  of  maximum  im- 
portance, and  a  survey  of  our  present  prac- 
tice with  its  influence  on  future  developments 
would  seem  wise.    The  problems  of  protection 


of  high  voltage  lines,  use  of  lightning  arresters, 
effect  of  high  current  short  circuits  as  well  as 
many  other  similar  problems  should  have  their 
share  of  consideration. 

The  power  handled  in  transmission  systems 
with  voltages  of  66.000  and  above  is  slightly  in 
excess  of  two  million  kilowatts.  Develop- 
ments are  now  under  consideration  which  if 
put  through,  will  more  than  double  this 
amount  of  transmitted  power.  Systems  will 
be  built  that  will  dwarf  any  now  existing. 
The  success  of  these  developments  will  have 
an  important  bearing  on  all  future  projects 
and  every  effort  should  be  made  to  look  be- 
yond immediate  requirements  so  far  as  possi- 
ble. 

The  world  looks  to  us  to  set  the  pace  in  the 
field  of  development  and  transmission  of 
power,  and  we  do  not  want  to  make  any  mis- 
takes that  can  possibly  be  avoided. 


The  Limitations  of  High-voltage  Transmission 

By  T.  a.  Worcester 
Power  and  Mining  Engineering  Department,  General  Electric  Company 

Within  the  recollection  of  many  who  are  still  taking  active  part  in  the  world's  affairs,  the  transmission  of 
energy  at  10,000  volts  was  an  achievement,  and  a  proposal  to  make  use  of  50,000  volts  would  have  been  con- 
sidered madness.  Transmission  of  power  at  160,000  volts  is  now  an  accomplished  fact,  and  the  inadequacy  of 
this  potential  for  our  present  needs  is  attested  by  the  very  serious  and  general  consideration  which  is  be  ng 
given  to  the  use  of  220,000  as  the  next  step.  The  author,  who  has  been  closely  identified  with  the  development 
of  high-tension  transmission  for  a  number  of  years  as  engineer,  speaks  with  the  highest  authority  on  this  subject. 
The  present  discussion  is  timely  and  the  conclusions  drawn  will  be  of  great  interest  to  all  connected  with  the 
industry. — Editor. 

The  subject  of  this  article  has  received  con- 
siderable thought  and  attention  by  engineers 
since  the  very  inception  of  transmission,  and 
with  the  growth  of  systems  and  increase  in 
voltages  the  ideas  which  have  been  expressed 
have  been  undergoing  constant  change  and 
revision.  The  electrical  transmission  of 
energy  is  really  not  a  very  old  industry  and, 
indeed,  might  be  said  to  be  in  its  infancy  even 
today.  The  first  1000-volt  transformer  was 
made  onh'  thirty  years  ago  and  had  a  capacity 
of  only  9  kv-a.,  or  9000  watts  as  it  was  spoken 
of  in  those  days.  Lighting  circuits  were  run 
from  it  for  a  distance  of  one  half  mile  or  so. 
In  1890  a  company  attempted  the  transmis- 
sion of  a  few  kilowatts  for  several  miles.  In 
1892  the  largest  transformer  which  had  been 
built  was  30  kv-a.,  5000  volts;  and  since  that 
date  both  the  kv-a.  capacity  and  voltages 
have  been  increasing  at  a  rapid  rate.  The 
growth  in  voltages  is  shown  in  Table  I. 


TABLE  I 
INCREASE  IN  TRANSMISSION  VOLTAGES 

Maximum  Maximum 

Year  Voltage 

1907 104,000 

1909 140  000 

1912 150,000 


Year  Voltage 

1894 11,400 

1896 22,000 

1900 54,000 

1901 80,000 


The  capacities  have  increased  at  a  like  rate 
to  the  extreme  size,  in  1916,  of  25,000  kv-a. 
With  this  increase  in  voltage  and  capacity 
there  has  been  a  corresponding  increase  in  dis- 
tance of  transmission  until  today  we  have 
power  carried  240  miles  at  150,000  volts.  It  is 
an  interesting  feature  also  that  high-voltage 
transmission  is  not  rare  now,  but  that  there 
are  some  fifty  companies  operating  lines  at 
voltages  of  70,000  and  above,  and  that 
their  systems  aggregate  some  14,000  miles  of 
single-circuit  line  on  which  over  2,000,000 
suspension   insulator  discs   are  used  and  to 
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which  over  2, ()()(),()()()  k\v.  in  ^jenerating  ca- 
pacity is  connected. 

These  (ij::ures  indicate  the  importance  of  this 
subject;  and  it  is  i)roper  that  we  shoukl  be 
thoujjhtful  in  determininj;  what  the  ten- 
dencies and  necessities  of  the  future  will  be 
and  what  the  limitations  are  in  the  various 
elements  cnterinj^  into  the  design,  construc- 
tion, and  operation  of  systems. 

That  the  voltages  in  use  at  present  will  be 
inadequate  for  future  developments  is  already 
evident  from  a  study  of  the  characteristics  of 
systems  which  have  been  in  contemplation 
during  the  past  few  years.  A  number  of  very 
large  projects  have  been  studied  and  these 
might  be  divided  into  two  distinct  classes: 
(a)  those  which  involve  the  transmission  of  a 
relatively  large  amount  of  power  over  com- 
paratively long  distances,  one  to  two  hundred 
thousand  kilowatts,  two  to  six  hundred  miles; 
and  (b)  those  in  which  there  is  an  e\-en  greater 
amount  of  power  to  be  carried  for  shorter  dis- 
tances. For  each  of  these  classes  of  system  the 
present  maximum  of  150, OUO  volts  is  not  suffi- 
ciently high  and  as  the  increase  in  the  amounts 
of  power  and  distances  of  transmission  are  so 
much  in  excess  of  past  practice  a  voltage  com- 
mensurate with  this  increase  must  be  chosen. 

In  attempting  to  determine  a  suitable  volt- 
age for  systems  of  the  classes  indicated,  one  is 
confronted  with  the  problem  of  striking  a 
balance  between  opposing  factors;  one  the 
desire  for  economy  and  the  other  the  diffi- 
culties incident  to  the  use  of  the  higher  volt- 
ages. If  there  were  no  limitations  to  permis- 
sible voltages,  a  ^•alue  would  be  selected  in  the 
same  manner  as  is  now  done  on  lower  voltage 
systems  by  balancing  between  cost  of  lost 
energ}-  and  fixed  charges  on  the  installation. 
There  are.  however,  limitations  in  the  per- 
missible voltage  and  these  must  be  taken  into 
account  as  well.  The  various  elements  which 
enter  into  the  problem  of  high-voltage  trans- 
mission are:  the  transformers,  oil  circuit 
breakers,  disconnecting  switches,  lightning 
arresters,  bus  and  line  insulators,  transmission 
conductor,  and  transmission  towers;  and  the 
design  of  these  elements  for  voltages  much  in 
excess  of  150,000  involves  many  complicated 
and  difficult  problems  which  increase  almost 
in  proportion  to  the  increase  in  voltage.  In 
the  preliminary  studies  which  have  been  made 
on  the  proposed  systems,  a  maximum  limit 
of  220,000  has  been  set  on  the  voltage  and 
while  it  is  appreciated  that  this  is  not  the 
maximimi  practical  voltage  for  transmission, 
it  is  a  value  so  much  above  what  has  been 
used  in  the  past  that  it  is  considered  a  con- 


servative top  limit  with  present  ty[K;s  of 
designs  of  the  various  elements  of  the  system. 
A  discussion  of  some  of  the  problems  en- 
countered in  the  study  of  22(),00()-volt  equip- 
ment will  be  useful  in  determining  the  limita- 
tions of  high-voltage  transmission. 

In  the  design  of  any  transmission  system 
the  engineer  usually  has  a  given  set  of  condi- 
tions from  which  to  work;  he  has  a  fixed 
amount  of  power  at  a  waterfall  to  be  taken  a 
certain  distance  and  delivered  at  a  certain 
voltage  and  frequency,  and  the  first  problem 
is  to  select  the  voltage  and  frequency  of  trans- 
mission. In  the  majority  of  large  industrial 
centers  throughout  this  countn.-  GO  cycles  is 
used,  although  there  are  some  important  dis- 
tricts using  25,  30,  40,  and  .50  cycles.  Sixty 
cycles  has  so  many  advantages  in  cost  and 
size  of  equipment  that  it  bids  fair  always  to 
hold  the  preference.  Most  high-voltage  sys- 
tems will  have  to  supply  power  at  this  fre- 
quency and  it  will  be  advisable  in  most  cases 
to  build  the  lines  for  this  frequency.  For  lines 
up  to  200  or  250  miles  the  matter  of  frequency 
is  not  a  very  serious  item.  Both  the  reactance 
and  the  capacity"  of  the  line  are  directly  pro- 
portional to  the  frequency  so  that  when  the 
higher  frequencies  are  used  the  reactive  drop 
at  times  of  heavy  load,  and  the  capacity  rise 
and  the  charging  current  at  times  of  light  load 
become  relatively  large,  and  these  are  vital 
problems  for  consideration. 

The  drop  in  voltage  between  the  generating 
and  receiving  ends  of  a  200-mile  line  operating 
at  220,000  volts,  three-phase,  60  cvcles  and 
carrying  100,000  kw.,  O.S  p-f.  load" could  be 
approximately  75,000  volts  and  the  rise  in 
voltage  from  the  generator  to  the  receiver  end 
at  no  load  would  be  18,000  volts,  making  the 
variation  between  no  load  and  full  load  at  the 
receiver  end  of  the  line  about  93.000  volts — a 
really  excessive  amount.  These  values  can  be 
improved  by  the  use  of  synchronous  con- 
densers at  the  substation;  in  fact,  if  sufficient 
condenser  capacity  is  used  the  voltage  at  the 
receiver  station  can  be  held  at  an  almost  con- 
stant value.  The  charging  kv-a.  of  a  200-mile 
60-cycle  line  operating  T\-ith  220,000  volts  at 
the  generating  end  would  be  approximately 
50,000  k\--a. — an  amount  which  would  be 
difficult  to  handle. 

It  is  always  desirable  to  be  able  to  charge 
a  transmission  line  with  one  generator,  the 
reason  for  this  being  that  when  charging  a  line 
without  load  the  fields  of  the  generators  are 
ven.-  much  over-excited  due  to  the  large  lead- 
ing current  being  supplied  by  the  armature 
to  the  line  and  the  exciter  voltage  must  be 
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reduced  to  practically  zero  in  order  that  the 
armature  voltage  will  not  rise  to  an  excessive 
amount.  With  such  low  exciter  voltage  it  is 
difficult  to  hold  two  or  more  generators  in 
synchronism.  It  would  mean  then  that  on 
the  system  in  question  the  generators  should 
each  be  capable  of  charging  the  line  with 
50,000  kv-a.  leading  current  and  zero  field  ex- 
citation without  the  armature  voltage  ex- 
ceeding normal  value.  Obviously,  it  might 
not  be  feasible  or  desirable  from  other  stand- 
points to  have  the  generating  units  of  such 
large  kilovolt-amperes  capacity;  assume  for 
instance  that  the  waterwheel  design  works  out 
most  economically  for  a  25,000-kv-a.  gen- 
erator and  that  it  is  desired  to  keep  the  charg- 
ing kilovolt-amperes  within  that  value.  This 
can  be  done  by  resorting  to  a  special  design  of 
generator  with  low  armature  reaction  so  that 
with  zero  voltage  field  excitation  when  carry- 
ing 25,000  kv-a.,  leading  the  armature  voltage 
will  not  exceed  70  per  cent  of  normal.  With 
this  reduction  in  voltage  the  charging  kilovolt- 
amperes  of  the  line,  which  is  proportionate  to 
the  square  of  the  line  voltage,  would  be  re- 
duced one  half,  or  to  25,000  kv-a.  If  a  still 
smaller  capacity  generator  is  desired,  a  differ- 
ent design  could  be  made  to  hold  the  voltage 
to  a  lower  percentage  of  normal  when  carrying 
full  kilovolt-amperes  leading  current.  This 
would  of  course  lower  the  line  voltage  and, 
consequently,  the  charging  kilovolt-amperes. 
From  the  foregoing  it  is  evident  that  for 
lines  up  to  200  or  250  miles,  60  cycles  is  feasi- 
ble. For  longer  lines,  however,  conditions  are 
such  as  to  make  a  lower  frequency  worth  con- 
sidering. At  220,000  volts,  60  cycles,  the 
charging  kilovolt-amperes  of  a  300-mile  line 
would  be  75,000  and  the  rise  in  voltage  from 
generating  to  receiving  station  on  an  un- 
loaded line  would  be  about  50,000  volts.  The 
drop  in  voltage  at  full  load  0.8  power-factor 
would  be  over  100,000  volts  and  the  range 
from  full  load  to  no  load  would  be  too  large  for 
practical  operation.  Even  with  synchronous 
condensers  of  such  capacity  to  correct  the  full 
load  power-factor  to  unity,  the  drop  in  volt- 
age over  the  line  would  be  45,000  volts,  al- 
though at  no  load  if  the  condensers  are  oper- 
ated lagging  the  receiver  station  voltage  could 
be  kept  from  rising  more  than  10  per  cent 
above  the  generating  station  voltage.  From 
this  standpoint  of  regulation  a  300-mile  line 
could  be  handled  at  60  cycles,  but  a  more  seri- 
ous feature  would  be  the  charging  kilovolt- 
amperes  to  be  handled  at  no  load.  The  value 
of  75,000  charging  kv-a.  can  be  reduced  by  re- 
ducing the  generator  voltage  if  a  special  de- 


sign of  generator  is  used,  as  previously  de- 
scribed, but  it  would  be  necessary  to  hold  so 
low  a  voltage  to  prevent  the  charging  cur- 
rent rising  to  an  excessive  amount  that  the  de- 
sign would  be  considered  impracticable  and 
should  be  avoided  if  desirable  results  can  be 
secured  by  other  means. 

At  25  cycles,  the  characteristics  of  the  sys- 
tem would  be  very  much  better.  The  charg- 
ing kilovolt-amperes  at  normal  voltage  would 
be  only  approximately  30,000.  The  drop  in 
the  line  at  full  load  100,000  kw.,  0.8  p-f. 
would  be  62,000  volts  as  compared  with  over 
100,000  volts  for  the  60-cycle  line,  and  this 
value  could  be  reduced  to  a  reasonable 
amount  by  the  use  of  about  one  half  the  con- 
denser capacity  required  for  a  60-cycle  line. 
Furthermore,  at  no  load  without  condenser 
capacity  the  voltage  rise  from  the  generator 
end  to  the  receiver  end  of  the  line  would  be 
only  16,000  volts,  or  by  operating  the  con- 
densers 20,000  kv-a.  lagging,  the  voltage  at 
the  receiving  station  could  be  held  down  to  a 
value  approximately  equal  to  the  generator 
station  voltage. 

For  lines  of  much  greater  length  than  300 
miles  it  may  be  necessary  to  consider  the  use 
of  frequencies  below  25  cycles.  For  lines  of 
double  this  length  even  with  25  cycles  the 
charging  current  and  increase  in  voltage  at  no 
load  are  quite  large  and  frequencies  of  10  to 
15  cycles  offer  certain  advantages.  The  possi- 
bilities of  such  frequencies  will  not  be  dis- 
cussed at  the  present  time,  however. 

Although  a  transmission  system  600  miles 
in  length  might  be  a  theoretical  possibility,  a 
question  might  be  raised  as  to  whether  lines 
of  this  length  can  be  considered  practical  from 
an  economic  point  of  view.  A  600-mile 
220,000-volt  line  would  cost  between  $25,000 
and  $30,000  per  mile  erected,  or  a  total  of  fif- 
teen to  eighteen  million  dohars.  The  gener- 
ating station  and  step-up  and  step-down 
stations  would  cost  another  twentj'  million  per 
100,000  kw.,  making  a  total  investment  for  a 
100,000-kw.  system  of  48  million  dollars. 
This  capitalized  at  15  per  cent  would  mean  a 
required  income  of  seven  million  dollars,  or 
$140  per  kw-yr.  on  a  50  per  cent  load-factor 
basis.  This  is  excessively  high  and  coal  would 
have  to  be  very  expensive  to  make  such  a  pro- 
ject pay.  However,  it  is  not  beyond  the  range 
of  possibilities,  and  a  consideration  of  lines 
of  this  length  should  not  be  considered  as 
pureh'  theoretical. 

In  the  foregoing,  mention  has  been  made  in 
several  instances  of  100,000  kw.  per  circuit, 
and  at  first  thought  this  value  might  seem 
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excessive.  IIhwcnit,  wlim  ilisrussiii^;  llicsc 
lotiK  hi)j;li-volt;iKc  transniissioii  liiics  oiio  inusl 
necessarily  liKure  on  deulinj,'  with  lar^e 
amounts  of  cnerjiiy  i)er  circuit  - otlierwise  the 
projects  could  not  he  considered  economi- 
calh'  feasible.  For  instance,  it  would  he  al- 
most ahsurd  to  consitlcr  Iransmittinj,'  !(),()()() 
kw.,  200  to  2")()  miles.  Theoretieally,  this 
could  he  done  with  reasouahle  ciierj^y  loss  and 
voltage  drop  at  say  1 10,000  volts,  hut  the 
amount  of  money  required  to  build  such  a  sys- 
tem would  bo  so  great  as  to  make  the  price  of 
power  iirohihitive.  For  a  line  of  this  length, 
an  initially  large  investment  is  required  in 
right  of  way,  towers,  insulators,  minimum 
size  of  conductors,  and  erection  to  make  the 
line  suitable  for  transmitting  even  a  small 
amount  of  energy  and  its  cajjacity  can  be  in- 
creased in  large  proportion  with  a  much  less 
proportionate  increase  in  cost.  To  illustrate 
the  point:  a  25()-mile  110,0()0-volt  10,()00-kw. 
line  might  cost  $2, 500, 000,  whereas  a  line  of  the 
same  length  operating  at  220,000  volts  with 
100,000  kw.  capacity  would  cost  $7,500,000, 
an  increase  in  output  of  10  to  1,  with  an  in- 
crease in  cost  of  o  to  1.  In  the  one  case  the 
line  investment  is  $250  per  kw.  and  in  the 
other  case  $75  per  kw. 

One  might  argue  that  by  this  same  line  of 
reasoning  higher  voltages  and  greater  amounts 
of  power  might  be  used,  but  it  is  doubtful  if 
with  the  present  state  of  development  of  line 
equipment  and  apparatus  this  would  be 
economical  or  desirable.  Even  at  220,000 
volts  the  cost  curve  is  going  up  rather  steeply. 
High-voltage  station  apparatus,  transformers, 
oil  circuit  breakers,  lightning  arresters,  etc., 
would  cost  from  40  to  50  per  cent  more  than 
for  154,000  volts  and  the  transmission  line 
25  to  30  per  cent  more,  and  there  are  line 
problems  which  would  be  difficult  to  handle. 
In  a  220,000-volt  line,  in  order  to  avoid  corona 
and  secure  necessary  clearance  between  con- 
ductors and  towers,  it  would  be  necessary  to 
space  the  conductors  on  from  20  to  25-ft. 
centers,  depending  on  the  altitude.  For  any 
higher  voltages  even  greater  clearances  would 
be  required,  the  length  of  insulator  strings 
would  be  greater,  and  the  conductor  spacing, 
weight,  and  cost  of  tower  increased  pro- 
portionately. 

For  220,000  volts  at  4000-ft.  altitude  with 
20-ft.  spacing  it  would  be  necessary  to  use  a 
conductor  having  a  diameter  of  one  inch  in 
order  to  prevent  corona  loss.  Obviously  it 
would  not  be  economical  to  use  an  all  copper 
conductor  of  this  diameter  for  a  high-voltage 
line,  and  a  composite  conductor  of  the  same 


di.iiiictci-  li.u  ingasteel  core  with  either  copper 
or  ahiniinum  wrapping  could  be  used.  Any 
desired  proportion  of  steel  to  conductiriK 
material  can  he  used  to  secure  the  necessary 
diameter  and  conductivity.  In  a  long,  high- 
voltage  line  carrying  a  large  amount  of  power 
it  would  he  permissible  to  allow  some  corona 
loss  during  storms,  if  in  doing  this  a  material 
saving  could  he  made  in  the  conductor  by  re- 
ducing the  diameter.  Storms  would  not  he 
apt  to  occur  over  any  great  length  of  a  line  at 
one  time  and  a  reasonable  loss  could  be  taken 
when  they  do  occur.  In  fact,  there  are  cases 
where  jjroposed  lines  would  traverse  moun- 
tainous districts  at  very  high  altitudes — 
10,000  to  15,000  feet— and  it  would  be  more 
economical  to  design  the  line  to  have  some 
corona  loss  under  normal  conditions  rather 
than  to  use  a  conductor  of  such  diameter  and 
with  such  spacing  as  to  entirely  eliminate 
corona.  This  would  not  be  an  entirely  new 
departure  in  transmission  practice  as  there 
are  a  number  of  high-voltage  lines  which  have 
been  in  operation  for  some  years  and  on  which 
there  is  considerable  corona.  The  experience 
with  these  lines  seems  to  indicate  that  there 
is  no  serious  deteriorating  effect  from  the 
corona  as  has  been  suspected  and  feared. 

Up  to  the  present  time  the  only  insulators 
which  have  been  seriously  considered  for  use 
on  220,000-volt  lines  are  the  standard  types 
of  10-inch  suspension  discs;  and  if  the  cus- 
tomary practice  prevailing  in  lower  voltage 
systems  is  extended  to  this  supen-oltage  work, 
it  will  necessitate  using  strings  up  to  twelve  or 
fourteen  discs.  As  is  well  known,  the  voltage 
distribution  along  a  string  of  insulators  is  not 
uniform;  and  when  voltages  of  the  order  of 
200,000  are  being  considered,  the  voltage  ap- 
plied across  the  disc  next  to  the  line  is  quite 
large  in  comparison  with  its  fiashover  voltage 
and  should  be  reduced  by  special  means. 
Various  schemes  of  grading  have  been  sug- 
gested and  the  prospects  are  good  that  some 
practical  arrangement  of  this  sort  will  be 
worked  out  in  a  short  time.  It  has  become 
customary  on  lower  voltage  lines  to  use  a 
larger  number  of  discs  than  would  be  required 
to  give  a  certain  flashover  and  puncture 
strength  in  order  to  provide  against  possible 
reduction  in  factors  of  safety  due  to  deterio- 
ration of  the  insulators.  With  the  re-intro- 
duction of  the  Hewlett  link  type  of  insulator 
which  is  free  from  deterioration  troubles,  it  is 
hoped  that  practice  will  soon  again  dictate  the 
use  of  a  more  moderated  number  of  discs  per 
string.  Such  a  change,  together  with  suitable 
grading,  will  bring  about  some  reduction  in 
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the  length  of  insulators  for  220,000-volt  serv- 
ice, which  will  be  very  much  appreciated  in  the 
design  of  towers  for  this  voltage. 

For  anchor  or  dead  end  points  a  modified 
type  of  the  10-inch  link  type  disc  has  been 
developed  which  has  a  very  high  mechanical 
strength  and  will  eliminate  the  necessity  of 
using  multiple  strings  for  this  work.  This  will 
be  a  considerable  help  in  the  construction  of 
lines  using  high  strength  steel  reinforced 
aluminum  or  copper  cable  which  would  other- 
wise require  four  to  six  strings  in  multiple  at 
all  anchor  points. 

The  high-voltage  station  apparatus  to  be 
used  on  a  220,000-volt  system  would  be  in 
most  respects  very  similar  to  the  apparatus 
for  lower  voltages.  All  apparatus,  of  course, 
assumes  very  large  dimensions  in  order  to  pro- 
vide necessary  clearances  for  insulation  and 
for  this  reason  it  is  more  difficult  to  make  and 
more  costly  than  similarly  rated  lower  voltage 
apparatus.  The  transformers  would  demand 
unusual  construction  owing  to  the  large 
kilovolt-amperes  capacities  which  would  be 
required,  resulting  in  large  cores  and  the  wide 
spacing  of  windings  to  care  for  the  high  volt- 
ages. In  the  step-down  transformers  in  which 
there  is  likely  to  be  a  high  secondary  voltage 
for  distribution,  the  size  of  coils  and  spacing 
are  especially  large. 

The  oil  circuit  breakers  would  be  of  the 
same  type  as  used  on  lower  voltages.  Greater 
rupturing  capacities  would  doubtless  be  re- 
quired, however,  due  to  the  large  concentra- 
tion of  power  likely  to  be  installed  in  in- 
dividual stations  as  well  as  the  systems  as  a 
whole.  For  this  reason  it  may  be  necessary 
to  use  two  breakers  in  series,  interlinked  to 
operate  simultaneously.  Such  breakers  could 
be  built  to  have  quite  a  high  rupturing 
capacity,  but  every  effort  should  be  made  in 
the  layout  of  high-voltage  high-power  systems 
to  see  that  the  short-circuit  currents  will  be 
reduced  to  a  minimum.  In  a  recent  article,* 
oil  circuit  breakers  to  rupture  3,000,000  to 
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4,000,000  kv-a.  are  spoken  of.  While  it  is  the 
opinion  of  designers  that  such  breakers  can  be 
built,  it  is  questionable  if  any  power  company 
would  care  to  have  a  short  circuit  of  such 
magnitude  occur  on  its  system  as  the  results 
of  such  a  short  circuit  in  its  immediate 
neighborhood,  even  though  interrupted  very 
promptly  by  an  oil  circuit  breaker,  would  very 
probably  be  disastrous.  It  is  not  necessary 
even  on  a  very  large  system  to  have  such 
heavy  short-circuit  currents,  as  they  can  very 
readily  be  reduced  to  more  moderate  values  by 
the  judicious  use  of  the  natural  reactance  of 
the  transformers  and  lines  and  the  use  of 
artificial  reactance  where  necessary  without 
appreciably  reducing  the  flexibility  and  effi- 
cient operation  of  the  system. 

It  is  recognized  that  transient  disturbances 
on  a  high-voltage  system  are  likely  to  be 
severe,  but  the  theory  has  often  been  ad- 
vanced that  the  higher  the  voltage  the  greater 
the  insulation  and,  consequently,  the  less  the 
danger  of  breakdown  of  apparatus  from  high- 
voltage  transients.  While  this  theory  may  be 
true  to  some  extent  it  is  the  writer's  opinion 
that  potentials,  either  direct  or  induced,  will 
at  times  be  applied  to  the  circuits  in  excess  of 
the  insulation  strength  of  a  220,000-volt  sys- 
tem and  that  it  is  not  entirely  safe  to  omit  the 
use  of  lightning  protective  equipment  on  sys- 
tems of  this  voltage.  Lightning  arresters  for 
220,000  volts,  although  large  and  costly,  would 
add  only  a  small  percentage  to  the  cost  of  an 
installation  and  should  more  than  pay  for 
themselves  in  preventing  damage  to  more  ex- 
pensive and  important  apparatus,  such  as 
transformers,  oil  circuit  breakers,  etc. 

While  the  foregoing  does  not  fully  cover  the 
subject  of  limitations  of  high-voltage  trans- 
mission, it  is  hoped  that  sufficient  suggestions 
have  been  made  to  illustrate  what  some  of  the 
problems  are  and  to  indicate  that  these  are 
capable  of  solution  at  least  up  to  220,000  volts. 
There  is  no  immediate  demand  for  voltages 
above  this  value  and  later  experience  only 
can  show  whether  still  higher  voltages  will  be 
practicable. 
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Relay  Protection  for  Large  Power  Stations 

By  O.  C.  Travicr 
SwnciiuoARD  Engineeking  Department,  General  Ki.ectric  Company 

In  a  number  of  articles  in  this  issue  mention  is  made  of  the  large  size  and  extreme  complication  of  modern 
power  systems.  With  the  increasing  dependence  which  industry  places  on  a  continuous  supply  of  power, 
interruptions  to  service  are  tolerated  to  a  less  and  less  extent.  In  complicated  networks  the  reriuircmcnt  can 
be  met  only  by  comprehensive  systems  of  selective  relaying,  and  these  are  possible  only  with  relays  of  marked 
superiority  over  those  available  but  a  few  years  ago.  The  author  describes  recent  developments  and  improve- 
ments in  the  design  and  construction  of  relays  and  indicates  the  variety  of  results  which  can  be  accomplished 
by  their  proper  combinations. — Editor. 


With  the  large  and  more  or  less  intricate 
networks  which  are  being  built  today,  and 
with  the  rapidly  increasing  practice  of  inter- 
connecting existing  systems,  the  time  has 
come  when  much  more  attention  must  be 
given  to  relay  protection;  because  the  only 
possible  way  of  obtaining  service  which  can 
be  classed  as  satisfactory  is  by  the  aid  of  re- 
lays, which  working  in  conjunction  with  the 
other  protective  apparatus  will  guard  the 
system  against  numerous  unhealthy  condi- 
tions which  at  various  times  are  set  up  during 
normal  operation. 

This  article  will  not  cover  the  history  of  the 
relay  art,  nor  attempt  to  consider  all  the 
schemes  that  have  been  proposed  or  are  in 
operation.  It  will  concern  itself  merely  with  a 
discussion  of  several  points  in  connection  with 
the  application  of  relays  which  should  prove 
helpful  to  the  man  whose  problem  it  is  to  pro- 
tect the  electrical  system;  for  after  all  it  is 
he  who  applies  the  relay  who  counts  much 
more  than  the  relay  itself.  The  relay  has 
possibilities  which  can  only  be  obtained  by 
some  one  who  understands  the  nature  and 
characteristics  of  his  entire  system.  Only  by 
harmonizing  all  the  characteristics  of  each 
item  entering  in  the  system  can  the  real 
value  of  the  relay  be  obtained.  Much  de- 
tailed study  of  the  subject  is  needed,  and  it  is 
hoped  that  the  following  information  which 
refers  particularly  to  some  of  the  newer 
schemes  and  describes  briefly  some  of  the 
later  types  of  relays  and  their  application  will 
be  of  some  value. 

A  separate  article  in  this  issue  deals  more  in 
detail  with  the  method  of  the  procedure  in 
handling  the  broader  aspects  of  the  problem. 

Balanced  Schemes  for  Parallel  Transmission  Lines 

One  of  the  most  promising  methods  used 
in  the  protection  of  networks  is  the  balancing 
of  separate  parallel  circuits  which  normally 
carry  approximately  equal  currents.  If  the 
currents  maintain  their  equality  in  spite  of 
high  values,  it  is  a  good  indication  that  no 


fault  exists  in  that  particular  group.  On  the 
other  hand,  a  certain  degree  of  unbalancing 
would  be  a  safe  indication  of  trouble.  The 
problem,  therefore,  is  in  general  to  separate  a 
current  which  is  representative  of  the  actual 
unbalancing,  and  pass  it  through  proper  relays 
to  cause  the  faulty  feeder  to  be  disconnected. 

It  is  impractical  to  describe  here  the  various 
modifications  of  these  schemes  in  detail. 
However,  the  basic  principles  involved  are 
discussed  below  and  these  are  sufficiently 
flexible  to  permit  application  in  various  ways 
to  the  problem  which  may  be  in  hand. 

In  the  diagrams  accompanying  the  descrip- 
tion of  these  balanced  schemes,  arrows  are 
used  to  indicate  the  relative  direction  of  cur- 
rent and  of  power.  These  arrows  show  power 
normally  flowing  from  station  "A"  to  station 
"  B . "  In  each  case,  however,  the  equipment  is 
suitable  for  power  flowing  in  either  direction. 

In  general,  the  over-load  relays  used  are 
adjusted  to  operate  instantaneously  or  nearly 
so.  Some  operating  companies  report  that 
the  opening  of  the  breaker  is  so  rapid  that 
there  have  been  cases  where  a  cable  has 
healed  immediately,  due  to  the  hot  insulating 
material  flowing  into  the  opening  made  by  the 
fault.  Usually  the  point  of  breakdown  has 
been  located  by  subsequent  inspection. 

Balanced   Protection   of  Two   Parallel   Lines    (Not 
Discriminating) 

An  exceedingly  simple  scheme  of  balanced 
protection  is  illustrated  in  Fig.  1-A.  This  has 
given  good  results  on  a  system  which  is  so  ar- 
ranged that  the  lack  of  discrimination  on  the 
part  of  the  relays,  between  the  sound  and  the 
injured  line  of  a  pair,  is  not  vital.  On  the  sys- 
tem referred  to  the  substations  are  in  ring 
formation  with  two  lines  for  each  connecting 
link  and  consequently  each  station  is  provided 
with  power  over  at  least  two  different  groups 
of  lines,  and  from  two  different  busses.  The 
complete,  though  temporarj-,  interruption  of 
one  of  these  sources  does  not,  therefore,  kill 
the  bus  and  no  hardship  is  imposed  greater 
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than  the  inconvenience  of  determining  the 
good  line  preparatory  to  replacing  it  in  serv- 
ice without  its  mate.  This  inconvenience  is 
to  a  considerable  extent  compensated  for  by 
the  freedom  of  the  equipment  from  all 
alternating    current    potential    connections. 


Fig.  1.     Balanced  Current  Protection  for  Two  Parallel  Lines 
(not  discriminating) 

While  these  potential  connections,  in  present 
day  relays,  do  not  occasion  the  misgivings 
they  were  responsible  for  in  older  types,  their 
elimination  is  desirable. 

The  balanced  equipment  as  shown  in  Fig. 
1-A  consists  of  "cross-connected"  current 
tranformers  in  the  similar  phases  of  the  two 
lines,  to  the  equi-potential  points  of  the 
secondaries  of  which  an  over-load  relay  is  con- 
nected. Reference  to  the  arrows  will  show  an 
assumed  normal  current  flow.  So  long  as  the 
currents  are  equal  and  in  the  same  direction 
in  the  two  lines  there  will  be  no  current  to  flow 
through  the  relay  coil  as  demonstrated  by  the 
arrows  on  the  secondary  circuits.  A  short 
circuit  will  not,  therefore,  improperly  open 
these  circuit  breakers  providing,  of  course, 
line  characteristics  are  such  that  a  suitable 
balance  is  maintained. 

Assume  now  a  restricted  fault  in  one  of 
these  lines,  as  in  Fig.  1-B,  such  that  the  power 
direction  remains  throughout  as  formerly,  al- 
though the  intensities  have  changed.  It  will 
be  noted  that  the  resulting  difference  in  the 
currents  in  the  two  lines  is  reflected  in  the 
secondaries,  appearing  as  a  current  through 
the  relay  coils,  causing  the  contacts  to  close, 
and  tripping  both  circuit  breakers  at  each  end 
of  the  two  lines. 

Following  such  an  operation,  it  is  necessary 
to  find  the  healthy  line  and  replace  it  in  serv- 
ice with  time  over-load  protection  (not  illus- 
trated in  the  diagrams). 


If  the  fault  should  be  more  severe  so  that 
there  is  a  relative  reversal  of  current  at  one 
end  of  one  line  the  results  will  be  as  indicated 
in  Fig.  1-C.  Here  again  the  differential  cur- 
rent passes  through  the  relay  coils.  It  should 
be  noted  that  at  the  end  where  the  reversal 
occurred  the  vectorial  difference  appears  as  an 
arithmetic  sum. 

If,  at  any  time,  the  fa-ult  should  occur  so 
near  station  "B  "  that  the  currents  at  Station 
"A"  remained  balanced,  then  the  station  "A" 
relay  would  not  operate  immediately,  but  at 
"B"  the  differential  current  would  be  very 
great  due  to  the  reversal  in  the  relative  di- 
rections of  the  currents.  Station  "B  "  would, 
therefore,  clear  quickly  after  which  there 
would  be  established  a  large  differential  at 
"  A . "  An  open  circuit  in  either  of  the  lines  will 
likewise  unbalance  the  pair  and  result  in  their 
isolation  in  case  of  sufficient  current  flow. 

Balanced  Protection  for  Two  Parallel   Lines    (Dis- 
criminating) 

In  order  to  obtain  discriminating  action  in 
the  relay  for  short  circuits  in  either  of  two 
parallel  lines,  reverse  power  relays  may  be  in- 
cluded in  the  schemes  shown  in  Fig.  1.  With 
this  modification  the  arrangement  is  as 
illustrated  in  Fig.  2.  It  should  be  noted  that 
in  case  of  an  open  circuit  in  one  of  these  lines 
the  resulting  unbalance  would  cause  the  open- 
ing of  the  sound  feeder  at  one  end,  in  case  of 
sufficient  current  flow. 

As  in  the  indiscriminating  case,  so  long  as  a 
balanced  condition  is  maintained  between  the 
corresponding  phases  in  the  two  lines,  there 
will  be  no  current  in  the  dift'erential  or  relay 
circuit.  When  a  fault  occurs,  however,  the 
vectorial  unbalancing  in  the  main  circuits  will 
be  indicated  in  the  relaj^  coils  as  illustrated  in 
Figs.  2-B  and  2-C.  In  these  figures  the  arrows 
may  also  be  considered  as  indicating  direction 
of  power  flow.  The  moving  contact  of  the 
reverse  power  relay  will  travel  in  the  direc- 
tion of  the  arrow. 

Looking  at  the  matter  from  another  view- 
point, if  we  assume  for  the  moment  that  only 
one  line  is  in  service,  then  the  current  and 
potential  connections  to  the  reverse  power 
relay  should  be  so  made  that  for  power  flowing 
from  the  bus  to  the  line  the  contacts  would 
close  on  the  side  to  trip  the  breaker  of  the  line 
in  service.  When  both  lines  are  working,  the 
circuit  having  the  greater  flow  of  power  from 
the  bus  to  the  line  will  control  the  operation  of 
the  reverse  power  relay  and,  therefore,  trip 
the  breaker  of  the  line  iii  trouble,  which  will 
always  carry  the  greater  power  from  the  bus 
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Id  the  lino.  It  sliuuKl  lie  borne  in  mind  that 
power  flowinj^  from  the  line  to  the  bus  is  of 
nej^ativc  value,  therefore,  for  cases  as  shown  in 
Im};.  12-B  where  power  flows  from  the  line  to 
station  "  B  "  bus  o\'er  both  eireuits,  the  circuit 
iKninj;  the  j;reater  lk)W  from  bus  to  line  is  the 
one  havinj;  the  least  (low  from  line  to  bus. 

In  the  event  of  one  line  being  in  service 
alone,  it  is  the  general  practice  by  means  of 
auxiliary  switches  on  the  circuit  breakers,  to 
automaticall\-  introtluce  time  overload  re- 
lays in  the  protective  equipment,  which  will 
o|)erate  in  conjunction  with  the  reverse  power 
relays  in  a  manner  similar  to  that  described 
in  connection  with  Fig.  13  or  Fig.  10.  This 
time  delay  also  serves  to  prevent  the  opening 
of  the  sound  line  immediately  following  the 
tripping  of  the  faulty  one. 

In  place  of  the  single  reverse  power  relay 
with  double  throw  contacts,  it  is  also  possible 
to  obtain  substantially  the  same  results  with 
two  sets  of  relays  each  equipped  with  single 
throw  contacts  arranged  in  a  manner  similar 
to  that  described  for  the  protection  of  three  or 
more  parallel  lines  as  shown  in  Fig.  6. 


Arrows  Indicate  Relative  Directions 

and  Unit  Intensities  of  Current  Flow 

Potential  Coils  and  Connections 

Oenltted  fYomRey^rseFbvverRelay 


Fig.  2.    Balanced  Power  Protection  for  Tw 

(discriminating) 


I  Parallel  Lines 


Figs.  3,  4  and  5  illustrate  in  greater  detail 
some  of  the  methods  by  which  this  scheme 
using  reverse  power  relays  with  double  throw 
contacts  is  applied.  One  line  diagrams  are 
used  for  greater  clearness. 


Fig.  3  shows  the  ccjnncctions  and  the  etjuip- 
ment  required  to  protect  cither  incoming  <jr 
outgoing  lines.  Instantaneous  action  is  ob- 
tained if  both  lines  are  in  service,  the  trip  cir- 
cuit Ijcing  established  from  the  negative 
through    the    overload    relay    contacts,    one 


Aux.5i^itchOf:>^n 
tvhen  Circuit  Br^oHei 
is  Ope,, 


\\  te; 


Fig.  3.     Instantaneous  Balanced  Power  Protcctii 
Parallel  Lines,  with  Provision  for  Definite 
Action  with  One  Line  in  Service 


in  for  Two 
Time 


aioxiliary  switch  on  each  circuit  breaker,  and 
finally  through  the  proper  set  of  reverse  power 
relay  contacts  to  the  trip  coil  of  the  line  at 
fault. 

When  one  circuit  breaker  is  open,  the  bal- 
ancing effect  of  the  two  lines  no  longer  exists, 
therefore,  it  is  sometimes  necessary-  to  intro- 
duce a  time  delay  for  further  selective  opera- 
tion. The  opening  of  the  circuit  breaker  auto- 
matically opens  its  auxiliary'  switch;  therefore, 
in  case  of  a  fault  with  only  one  line  in  ser^ace 
the  trip  circuit  is  established  from  the  negative 
through  the  overload  relay  contacts  to  the 
coil  of  the  definite  time  limit  relay  and  after 
the  desired  delay  a  new  circuit  is  made 
through  the  definite  time  relaj'  contacts  to  the 
reverse  power  relay  contacts.  Only  in  case  the 
power  direction  is  from  the  bus  to  the  line  will 
the  reverse  power  relay  contacts  be  closed  on 
the  side  to  trip  the  remaining  breaker.  In  place 
of  the  definite  time  relay  with  the  d-c.  poten- 
tial coil  illustrated,  there  may  be  substituted 
a-c.  time  overload  relays,  the  operating  coils 
of  which  are  connected  one  in  each  difTerential 
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circuit.  The  contacts  may  be  connected 
similarly  to  those  of  the  definite  time  relay 
shown.  For  a  three-phase  grounded  neutral 
system,  three  time  overload  relays  must  be 
used  in  place  of  the  one  definite  time  relay 
with  the  d-c.  coil,  thereby  resulting  in  slightly 


Fig.  4.      Instantaneous  Balanced  Power  Protection 
for  Two  Parallel  Incoming  Lines 

greater  expense.  Otherwise  the  use  of  the'  ex- 
tra overload  relays  is  preferable. 

Another  alternative,  particularly  for  out- 
going lines,  is  to  insert  time  overload  relays  in 
each  current  transformer  secondary  circuit 
and  connect  the  contacts  to  trip  the  cor- 
responding breaker  directly.  The  extra 
auxiliary  switches  would  then  be  arranged 
simply  to  disconnect  the  differential  relay 
group  in  case  one  line  is  out  of  service.  This 
last  arrangement  has  the  advantage  or  disad- 
vantage as  the  case  may  be  of  tripping  both 
breakers  in  the  event  of  a  sustained  balanced 
fault. 

As  an  exact  balance  of  currents  in  the  two 
lines  is  very  improbable  the  sensitive  reverse 
power  relay  is  likely  to  have  its  contacts  closed 
on  one  side  or  the  other,  if  the  lines  are  at 
all  loaded,  even  though  both  lines  are  in  serv- 
ice, unless  some  means  are  provided  to  pre- 
vent it.  In  such  cases  it  is  possible  that  the 
instantaneous  overload  relay  would  close  its 
contacts  before  the  reverse  power  relay  con- 
tacts would  open,  if  closed  on  the  wrong  side, 
and  trip   the   wrong   breaker.      On   this   ac- 


count the  auxiliary  relays  are  introduced  in 
this  equipment  to  disconnect  the  a-c.  potential 
circuits  of  the  reverse  power  relays  until  after 
the  instantaneous  overload  relay  has  operated, 
thereby  insuring  that  the  reverse  power  relay 
contacts  will  be  normally  in  a  neutral  position, 
and,  therefore,  unprejudiced  in  the  event  of  a 
fault.  If  a  time  overload  relay  is  substituted 
for  the  instantaneous  overload  relay  in  the 
differential  circuit  the  resulting  delay  would 
make  these  auxiliary  relays  unnecessary. 

Fig.  4  shows  a  simple  arrangement  which 
may  be  used  for  incoming  lines  only.  This  is 
like  that  explained  in  connection  with  Fig.  3 
except  that  all  special  provision  for  single  line 
operation  is  omitted.  This  is  possible  on  ac- 
count of  the  fact  that  the  line  will  be  non- 
automatic  for  power  flowing  from  the  line  into 
the  bus,  and  being  incoming  lines  only,  no  con- 
siderable power  will  flow  out. 

The  third  scheme  is  shown  in  Fig.  5.  In 
this  case  the  circuits  are  still  balanced,  but 
instead  of  instantaneous  action  with  both 
lines  in  service  the  same  time  delay  is  intro- 
duced as  for  single  line  operation.    In  order  to 


S  Oil  Circuit 
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Locking  Re/ays 
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and  TimeDe/ay 

Rec/asing 


Fig.  5.     Time  Limit  Balanced  Power  Protection 
for  Two  Parallel  Lines 

prevent  the  second  line  from  tripping  in  case 
of  a  fault  in  one,  the  two  relays — the  in- 
stantaneous opening  relay  and  the  time  delay 
reclosing  relays  are  installed.  The  tripping 
current  for  the  circuit  breakers  is  carried 
through  the  coils  and  contacts  of  these  relays 
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in  siK'h  a  \va\'  that  wluti  oiu'  l)rcaker  is  bcinR 
aut()inaticall\'  trippi'd,  tlu'  rolay  tri])  circuit 
of  tlic  oUht  bri'aktT  is  n|i<.tu(l  and  dot's  not  rc- 
closc  for  a  lime  lonj,'  cnouj^'h  lo  i)(.-rmit  con- 
ditions on  the  system  to  become  normal,  after 
wliich  the  second  line  can  be  tripiied  in  case.of 
an   overload  which   remains   on   a  -5i 

sullicient  time,  and  providinjj;  the 
power  flow  is  from  the  bus  to  the 
line. 

This  equipment  is  somewhat 
simpler  than  those  previously  de- 
scribed. No  additional  auxiliary 
switches  and  no  auxiliary  relays  to 
open  the  potential  circuit  of  the 
reverse  power  relays  are  needed. 

Balanced  Protection  for  Three  or  More 
Parallel  Lines 

Where  a  number  of  parallel  lines 
are  involved  the  underlying  feature 
is  the  same  as  described  in  connec- 
tion with  Fig.  2,  although  the  treat- 
ment of  the  matter  is  necessarily 
different.  Here,  as  shown  in  Fig.  6,  the 
current  transformer  secondaries  are  con- 
nected all  in  series  in  a  loop  circuit,  so 
that  when  the  primary  currents  are  all 
equal  the  secondary  currents  will  also  be 
equal,  and  will  circulate  through  the  loop 
as  one  current  of  the  magnitude  of  each, 
and  practically  none  will  pass  through  the 
coils  of  the  overload  and  reverse  power 
relays  which  are  connected  across  each  cur- 
rent transformer  secondar^^ 

Fig.  6-B  illustrates  a  fault  in  one  line,  such 
that  power  is  reversed  at  Station  "  B  "  in  this 
line  from  the  direction  taken  by  the  remain- 
ing sound  lines.  It  will  be  observed  that  only 
in  the  case  of  the  injured  line  is  the  power  di- 
rection through  the  reverse  power  relays  (as 
indicated  by  the  arrows)  such  that  the  con- 
tacts will  close — at  Station  "A"  this  is  be- 
cause there  is  a  preponderance  of  positive 
power  flowing  from  the  bus  into  this  par- 
ticular line — at  Station  "B"  the  injured  line 
is  the  only  one  having  positive  outward 
flowing  power. 

Inasmuch  as  the  success  of  the  scheme  de- 
pends upon  the  relatively  low  impedance  of 
the  loop  circuit  as  compared  to  the  impedance 
of  the  coils,  it  will  be  apparent  that  some 
method  should  be  provided  to  eliminate  the 
useless  impedance  injected  in  the  loop  circuit 
by  the  relays  of  a  dead  feeder.  This  is  usually 
done  automatically  by  short  circuiting,  by 
means  of  auxiliary  switches  on  the  circuit 
breakers  or  by  auxiliarj-  relays  controlled  bj^ 


such  auxiliary  switches — the  relay  equipment 
of  the  line  whose  circuit  breaker  is  o|)cn. 

It  will  l)e  noted  that  when  all  but  'jnc  line  is 
out  of  service,  the  relay  etjuiiiment  of  this  last 
line  will  be  short  circuited  by  the  auxiliary 
switches  or  relays  referred  to  in  the  preceding 
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paragraph  and  accordingly  the  last  line  will 
be  non-automatic  unless  some  means  is  pro- 
vided to  open  the  loop  circuit.  This  opening 
of  the  loop  may  be  accomplished  manually 
or  it  maj-  be  done  automatically  with  consid- 
erable complication  of  auxiliary'  switches,  etc., 
which  complication  is  usually  considered  in- 
advisable. When  the  loop  has  been  opened, 
each  feeder  will  be  left  with  overload  and  re- 
verse power  protection,  at  values  determined 
by  the  settings  of  the  overload  relays.  Vari- 
ous other  means  also  somewhat  complicated, 
may  be  used  for  inserting  additional  relays  for 
the  protection  of  this  last  line.  But  these 
schemes  on  account  of  their  variet}-,  will  not 
be  described  here. 

If  an  open  circuit  should  occur  in  one  of  the 
conductors  or  if,  when  putting  another  line 
into  sen-ice  only  the  breaker  at  one  end  is 
closed,  an  unbalanced  condition  will  result 
which  may  tend  to  open  the  good  lines  in  use 
if  the  current  flowing  at  the  time  is  stifBciently 
great.  This  danger  becomes  relatively  smaller 
as  the  number  of  lines  involved  is  increased, 
because  the  secondar}-  unbalancing  will  be  in- 
versely proportional  to  the  number  of  lines  in 
sersdce.  For  instance,  if  the  overload  relay's 
are  set  to  operate  at  the  normal  load  of  each 
feeder  and  if  four  lines  are  in,  three  continuous 
and  one  broken,  an  overload  of  three  times 
normal  on  each  feeder  would  be  required  be- 
fore any  trouble  could  be  encountered.  The 
break  would  usually  be  detected  before  this 
excessive  current  would  occur. 
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Protection  by  Mechanically  Balanced  Differential 
Relays 

This  relay  is  illustrated  in  Figs.  7  and  8  and 
may  be  used  for  the  protection  of  par- 
allel transmission  lines  against  unbalanced 
current  in  the  similar  phases,  such  as  would  be 
occasioned  by  a  fault  in  one  of  the  hnes.  As 
the  current  increases  in  the  lines,  the  difference 
in  current  in  the  two  lines  must  also  increase 
before  the  relay  will  operate.  This  com- 
pensates for  a  normal  inherent  difference  in 
impedance  in  the  two  lines.  The  character- 
istic curve,  Fig.  9,  shows  the  results  to  be 
obtained  on  outgoing  lines. 

The  relay  operates  to  trip  the  line  carrying 
the  greater  current.     It  mav  be  used,  there- 


the  contact  mechanism  will  be  operated  on 
the  side  to  trip  the  breaker  carrying  the 
heavier  current.  So  long  as  a  balanced  condi- 
tion exists  within  the  operating  values,  the  re- 
lay will  not  trip  either  breaker  no  mater  how 
high  the  current  may  be  in  the  two. 

Protection  for  Three  or   More  Parallel   Incoming, 
Outgoing  or  Tie  Lines — Current  Relays  Only 

Fig.  11  shows  the  one-line  connections  for  a 
balanced  scheme  for  three  or  more  parallel 
lines  in  which  no  a-c.  potential  connections  are 
involved. 

Saturating  transformers  are  connected  to 
the  secondaries  of  the  instrument  trans- 
formers.     They   are   used   for   two   reasons, 


Fig.  7.     Mechanically  Balanced  Differential  Relay 
for  Protection  of  Parallel  Lines 


Interior  of  Relay  Shown  i 
Fig,  7 


fore,  for  outgoing  lines  or,  providing  there  is 
some  source  of  power  to  insure  that  the  in- 
jured lines  will  carry  the  greater  current,  for 
incoming  lines.  The  simplicity  of  this  relay 
strongly  recommends  it  for  the  use  referred  to. 
The  freedom  from  a-c.  potential  connections 
is  a  noteworthy  advantage. 

Diagram,  Fig.  10,  illustrates  one  method  of 
making  the  connections.  The  relay  consists 
of  three  solenoids,  the  two  smaller  outside 
solenoids  tending  to  hold  the  moving  mechan- 
ism down,  while  a  differential  current  passing 
through  the  larger  center  solenoid  will  tend 
to  raise  the  mechanism  upward.  When  the 
difference  becomes  sufficiently  great  to  over- 
come the  weaker  of  the  two  small  solenoids, 


namely :  to  limit  the  amount  of  current  which 
any  individual  line  can  furnish  to  the  loop  and 
also  to  permit  grounding  each  instrument 
transformer's  secondary  circuit  close  to  the 
winding.  The  resistance  connected  in  the 
secondary  of  the  saturating  transformer  also 
assists  in  limiting  the  amount  of  current 
furnished  to  the  loop.  The  secondaries  of  all 
saturating  transformers  are  connected  in 
series  through  the  respective  resistors.  An 
induction  overload  relay  is  then  connected  di- 
rectly across  each  saturating  transformer  and 
its  resistor.  The  auxiliary  rela}'  contacts  or 
the  auxiliary-  switch  is  connected  across  the 
protective  relay  circuit  and  is  intended  to 
short  circuit  the  relay  and  other  equipment 
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whenever  the  oil  cinuil  hreaker  of  that  cir- 
cuit is  open. 

So  Ion},'  as  Ihei'e  is  a  balanced  ct)nilitiun  with 
respect  to  currents  on  all  lines,  there  can  be  no 
action  of  any  relay  connected  in  this  manner. 
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Fig.  9.     Characteristic  Curve  for  Mechanically 
Balanced  Differential  Relay 


Consequently  all  breakers  will  remain  in  for 
all  through  short  circuits. 

If  an  unbalanced  condition  occurs,  the 
majority  of  the  circuits  will  control  the 
minority  irrespective  of  whether  the  minority 
carries  more  or  less  current  than  the  majority. 

In  case  of  a  fault  in  one  of  these  lines,  it  will 
be  disconnected  nearly  instantaneouslv  re- 
gardless of  whether  it  carries  more  current  or 
less  current  than  the  two  good  lines. 

If  a  balanced  fault  should  occur  on  two  or 
three  feeders  at  one  time,  faulty  operation 
might  result.  However,  the  chances  for  such 
a  possibility  are  remote  and  do  not  outweigh 
the  advantages  to  be  had  under  the 
more  usual  faulty  conditions.  If  five 
lines  should  be  operating  in  parallel 
and  two  should  simultaneously  de- 
velop balanced  faults,  the  faulty 
lines  would  both  be  cleared  prop- 
erly. If  four  lines  are  in  and  two 
lines  develop  faults,  it  is  possible 
that  under  some  extreme  and  im- 
probable conditions  all  four  lines 
would  be  tripped  due  to  the  fact 
that  the  equipment  cannot  decide 
which  set  is  in  the  majority.  In 
case  two  faults  invoh-e  different 
phases,  they  are  not  to  be  considered  as  bal- 
anced faults. 

It  will  be  obser\-ed  that  the  more  feeders 
there  are  in  circuit  at  any  given  time  the 
more  certain  the  operation  of  the  equipment 
will  be. 


'i'he  overhjad  relays  may  be  set  so  that  for 
short  circuits  of  sufficient  severity  to  disturb 
the  system,  the  faulty  line  can  be  cleared  in 
from  one  quarter  to  one  half  second,  no  matter 
how  near  to  the  simrrc  ><{  [kiwit  tlicy  may  be 
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Fig.  10.     Connections  for  Mechanically  Balanced 
Differential  Relay 

located.  Higher  time  settings  are,  of  course, 
permissible  if  they  should  be  considered  de- 
sirable. 

At  least  three  lines  must  be  in  ser\ace  to 
give  selective  action.  Should  only  two  be 
left,  both  would  open  for  trouble  in  either. 
When  only  one  line  remains  in  operation  its 
relay   equipment   is   short   circuited    by   the 


Fig.  11.    Balanced  Current  Protection  for  Three  or  More  Parallel  Lines 


auxiliary'  switches  of  the  circuit  breakers  in 
the  other  lines  which  are  out  of  senice.  Such 
single  lines  would,  therefore,  have  no  protec- 
tion unless  the  loop  circuit  is  opened  by  means 
of  a  lever  switch  which  may  be  inserted  for 
that  purpose. 
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INVERSE    TIME    VERSUS    DEFINITE    TIME 
RELAYS 

Quite  often  the  question  arises  as  to  the  ad- 
visabiUty  of  using  the  definite  time  or  the  in- 
verse time  relay  for  selective  action,  and  in 
numerous  cases  the  decision  has  been  in  favor 
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Fig.  12.     Theoretical  Inverse  Time-Current 


of  the  definite  time  relay  because  of  the  more 
or  less  general  understanding  that  the  shape  of 
the  inverse  time  limit  curve  was  limited. 
That  is  true  so  far  as  relays  are  usually  con- 
structed, but  a  relay  can  be  provided  so  de- 
signed as  to  give  the  curve  desired. 

The  inverse  time  relay  is  often  of  greater 
value  than  the  definite  time  relay,  and  one 
case  of  this  character  is  as  follows ;  If  for  ex- 
ample two  links  of  one  circuit  are  in  series, 
and  the  relay  furthest  from  the  generating 
station  is  equipped  with  a  current  transformer, 
whose  ratio  is  one  half  the  ratio  of  the  cur- 
rent transformer  connected  to  the  relay  near 
the  station,  or,  if  the  current  setting  of  the  re- 
lay furthest  from  the  station  is  one  half  that 
of  the  relay  near  by — it  is  obvious  (with  suit- 
able current  transformers)  that  in  the  event 
of  a  short  circuit  beyond  the  relay  furthest 
from  the  station,  that  the  current  in  this  relay 
will  be  proportionately  twice  as  great  as  the 
current  in  the  relay  nearer  the  station. 

Fig.  12  will  illustrate  the  action  of  the  relays 
under  these  conditions.  In  the  curve  it  is 
assruned  that  doubling  the  current  in  the  relay 
reduces  the  time  of  operation  by  a  time  in 
seconds  "t"  which  is  the  time  required  to  give 
selective  action  between  the  circuit  breakers 
controlled  by  the  relays. 

Since  the  relay  nearest  the  fault  receives  the 
equivalent  of  twice  the  current  in  the  relay 
next  closer  to  the  source,  the  difference  in 
time  between  the  operation  of  the  relay  con- 
tacts in  the  two  relays  will  always  be  "t,"  or 
the  time  required  to  give  the  proper  selective 
action. 

Of  course  to  obtain  the  results  as  just  de- 
scribed it  is  necessary  that  the  relays  should 


be  so  set  that  the  time  of  action  is  never  less 
than  "t"  except  for  trouble  in  the  immediate 
section.  If  the  current  set  up*  in  the  system 
because  of  a  fault  were  so  great  as  to  be  of 
serious  danger  to  the  system,  the  time  of  opera- 
tion of  the  relay  would  be  so  rapid  that  much 
damage  might  be  avoided  and  synchronous 
apparatus  would  be  less  likely  to  fall  out  of 
step. 

Use  of  Overload  and  Reverse  Power  Relays 

Fig.  13  shows  a  method  of  applying  the 
overload  and  reverse  power  relays  to  parallel 
incoming  lines.  It  also  illustrates  the  use  of 
simple  overload  relays  at  the  outgoing  ends  of 
the  same  lines.  Their  contacts  are  connected 
in  series  so  that  both  must  operate  before  the 
breaker  will  be  tripped. 

Although  overload  and  reverse  power  relay's 
have  long  been  used  for  the  protection  of  in- 
coming parallel  feeders,  the  degree  of  pro- 
tection afforded  has  been  advancing  rapidly 
during  the  past  few  years,  due  principally  to 
the  greater  reliability  and  sensitiveness  of  the 
later  types  of  reverse-power  relays.  The 
polyphase  reverse  power  relay  has  been  par- 
ticularly successful.  When  properly  applied 
and  in  good  mechanical  condition,  its  action 
approaches  perfection.     Of  course,  we  must 


Generating  Station  Bus 

t   4.1  t   t   t^^B 


O^eriood  f^krys 


.  [-'-1  j-'n  r'-i  I  Cvsrhad  Relays 

erondir  4    ,       ^  ^  4.  C,  CJ       r.m^f^oS 

'fyer/oociffelays  -X-  j-L,  |  1  |         i         |         I 

Sub- station  Bus       !  I         !  ''        ! 

I  \T^As.t,-StotionB. 

Arrows  Sho^O/recC/on  ^ ZiL  I  | 


^ower  Required  For 


Fig.  13.     Overload  and  Reverse  Power  Relays 
Protecting  Parallel  Lines 

be  careful  when  using  the  polyphase  relay  on 
a  system  with  the  neutral  grounded  through  a 
resistance;  that  is,  because  of  a  tendency  in 
the  case  of  a  ground  to  cause  power  to  flow 
in  one  direction  over  one  wire  and  in  the 
opposite  direction  over  the  other  two  wires. 
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This  dilliculty  can  usually  be  overcome  by 
proper  interconnection  of  the  relays.  By  sucli 
interconncclion,  tiie  i)o\ver  current  which 
wouiii  cause  the  trouble  is  balanced  out  so  that 
simply  the  fault  current  is  left  to  work  in  the 
relays.  The  fact  that  its  use  is  limited  on  s_\-s- 
tems  where  the  neutral  is  Ki'ounded  through  a 
high  inipetlance  does  not  materially  affect  the 
situation  because  the  number  of  such  systems 
is  far  under  one  per  cent  of  the  total  of  the 
country. 

One  reason  for  the  success  of  the  polyphase 
relay  will  be  made  clear  by  some  detailed  ref- 
erence to  Figs.  14  and  15,  which  illustrate  the  • 
quadrature  connection  used. 


tial  B  —  C  which  is  used  in  connection  with  the 
current /I —i4'.  Cb  —  Ah\&  the  disijlaced  po- 
tential C  —  A  which  is  used  in  connection  with 
the  current  li  —  B  =  B' .  Ac  —  Be  is  the  displaced 
])otenlial  A—B  which  is  usetl  in  connection 
with  the  current  C  —  C  =  C .  This  relationship 
of  current  and  potential  for  proper  results 
should  remain  reasonably  fixed  even  under  the 
most  severe  distortion  of  the  voltage  triangle 
which  may  be  caused  by  a  single-phase  short 
circuit. 

Let  us  consider  the  conditions  which,  with 
such  connections,  would  arise  in  the  event  of  a 
single-phase  short  circuit.  Again  assuming 
unity  power  factor,  the  vector  relations  and 
the  various  potentials  and  currents  would  be 
as  shown  in  Fig.  1.5. 


*C' 


Fig.  14.     Vector  Diagram  of  Quadruture  Connection 
for  Reverse  Power  Relay  (Normal) 


Fig.  15.     Vector  Diagram  of  Quadruture  Connection  for 
Reverse  Power  Relay  (Single  Phase  Short  Circuit) 


In  Fig.  14  "A,"  "B  "  and  "C"  represent  the 
voltage  triangle  of  a  three-phase  circuit.  At 
unity   power  factor 

A— A'  is  the  current  in  phase  A 
B  —  B'  is  the  current  in  phase  B 
C  —  C  is  the  current  in  phase  C 

In  most  wattmeters  and  in  the  type  of 
polyphase  relay  now  under  consideration 
maximum  torque  is  obtained  when  the  cur- 
rent in  the  current  coil  and  potential  across 
the  potential  coil  are  in  phase. 

In  the  diagram  .4— .4=  A'  and  B  —  C  are 
90  deg.  out  of  phase.  Thus  if  we  displace  the 
potential  of  phase  5  — C  90  deg.  it  will  be 
in  phase  with  A—A=A'  and  the  use  of 
this  displacement  would  provide  maximum 
torque  at  unity  power  factor  on  the  circuit 
protected. 

But  serious  faults  result  almost  invariably 
in  lagging  currents.  So  instead  of  displacing 
B  —  C  by  90  deg.  to  obtain  maximum  torque 
at  unity  power  factor,  we  can  displace  it  as 
shown  by  Ba  —  Ca  and  then  obtain  maximum 
torque  with  a  power  factor  lagging  say  40 
degrees.  On  the  polyphase  relay  then  there 
is  made  use  of  Ba  —  Ca  the  displaced  poten- 


It  will  be  observed  that  the  displaced 
potential  Ba  —  Ca  again  properly  lags  behind 
the  current  A— A'.  Xot  only  is  the  vector 
relation  good  but  the  potential  is  nearly  at 
full  value,  a  verj-  valuable  combination.  The 
same  is  also  true  concerning  the  short-circuit 
current  C  —  C  and  its  companion  potential 
Ac- Be 

Even  in  the  case  of  the  third  phase  which  is 
not  greatly  affected  b}^  the  fault,  the  relation 
of  potential  and  current  is  still  correct. 

If  we  consider  a  dead  single-phase  short 
circuit  between  A  and  C,  then  potential  A— 5 
will  be  superimposed  on  potential  B  —  C.  The 
phase  relationship  of  the  connections  to  the 
relay  coils  is  still  correct  and  operation  thereby 
safeguarded  even  with  zero  potential  across 
the  short-circuited  phase. 

For  a  single-phase  load  and  no  distortion  of 
the  voltage  triangle,  a  maximum  relative 
variation  of  30  deg.  between  the  current  and 
potential  is  possible,  a  harmless  amount. 
Some  of  the  older  connections  result  in  rela- 
tive variations  of  three  times  this  value. 

In  the  polyphase  relay  as  it  is  now  being 
manufactured,  three  elements  are  used;  three 
elements  separate  and  individual  except  that 
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they  are  all  working  together  on  one  common 
shaft.  The  relay  consists  then,  of  three  single- 
phase  relays  working  on  the  same  shaft.  Cur- 
rent and  potential  are  connected  in  quadra- 
ture as  described  above.  From  these  dia- 
grams it  is  seen  that  each  individual  phase  of 
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Fig.  16.     Overload  and  Reverse  Power  Relays 
Protecting  a  Ring  System 

that  relay  will  operate  properly  so  that  there 
is  no  particular  tendency — there  seems  to  be 
no  tendency  whatever — for  any  of  the  three 
phases  to  work  incorrectly.  In  the  case  of  a 
single-phase  short  circuit  we  have,  in  two  ele- 
ments, large  currents  working  in  good  phase 
relationship  with  large  potentials.  These  two 
elements  provide  many  times  more  power  than 
is  needed,  so  that  there  seems  no  chance  for 
the  relay  to  go  wrong  in  such  a  case. 

SUBSTATIONS  IN  RING  OR  LOOP 
FORMATION 

The  comparatively  simple  method  of  pro- 
tecting substations  in  ring  or  loop  formation, 
illustrated  in  Fig.  16,  though  far  from  being 
new,  is  worthy  of  repetition  on  account  of  its 
value  in  such  cases.  Each  line  at  each  station 
is  provided  with  overload  relays.  Where  these 
overload  relays  are  given  the  lower  time  set- 
tings, reverse  power  relays  are  also  used  with 
the  contacts  of  the  two  types  so  connected  that 
both  relays  must  operate  before  the  circuit 
breaker  will  be  tripped. 

Reference  to  the  time  settings  given  on  the 
diagram  (these  are  purely  relative  and  in  no 
way  represent  absolute  time  value)  will  show 
that  they  are  graded  on  the  same  basis  as  a 
single  series  of  tamdem  connected  substations, 
assuming  that  one  end  of  the  loop  is  open  at 


the  generating  station  bus,  and  neglecting 
those  breakers  which  would  then  be  "in- 
coming" at  the  various  substations.  It 
should  be  noted  that  when  the  other  end  of 
the  loop  is  considered  open  the  substation 
breakers  which  in  the  first  case  were  ' '  incom- 
ing" will  now  be  "outgoing"  and  vice  versa. 
The  reverse  power  relays  are  also  installed  if 
the  time  of  an  "  incoming ' '  line  is  lower  than 
any  "outgoing"  line  farther  from  the  source. 
This  must  be  checked  separately  for  each  end, 
in  turn  considered  open,  at  the  generating 
station. 

DIFFERENTIAL  PROTECTION  FOR 
ALTERNATORS 

Where  differential  or  reverse  power  pro- 
tection is  used  for  alternators,  each  circuit 
should  be  equipped  with  a  device  for  opening 
automatically  the  field  circuit  of  the  alternator 
after  the  oil  circuit  breaker  connecting  this 
alternator  to  the  busses  has  been  opened.  This 
requirement  demands  either  solenoid  opera- 
tion for  the  field  switch,  or  a  manually  oper- 
ated field  switch  equipped  with  a  shunt  trip 
coil.  A  circuit  closing  auxiliary  switch  should 
be  provided  on  the  oil  circuit  breaker  to  in- 
sure that  the  breaker  opens  before  the  field 
switch.  With  the  breaker  open  there  will  be 
less  liability  of  damage  to  the  field  circuit,  due 
to  the  high  voltage  which  would  be  induced  if 
it  were  opened  when  heavy  currents  were  pass- 
ing through  the  armature.  Opening  the  field 
last  also  reduces  the  possibilitj^  of  the  alter- 
nator falling  out  of  step  with  the  remainder  of 
the  system,  thereby  increasing  the  disturbance 
on  the  system.  It  is  of  course  evident  that  un- 
der none  of  the  above  mentioned  conditions 
is  the  difficulty  entirely  overcome  by  the 
opening  of  the  oil  circuit  breaker  first.  The 
trouble  is,  however,  sufficientlj^  reduced  to 
consider  it  the  preferable  method. 

Relays  with  hand  reset  contacts  are  used  to 
insure  tripping  the  circuit  of  the  field  switch, 
after  the  main  circuit  breaker  is  opened.  By 
resetting  the  relay  contacts,  the  field  switch 
may  be  reclosed  with  the  main  circuit  breaker 
still  open.  One  wiring  for  the  equipment  is 
shown  in  Fig.  17  and  is  for  use  with  "Y"  con- 
nected armatures.  The  relav  is  shown  in  Figs. 
IS  and  19. 

CIRCUIT   BREAKER   TRIP    COIL    CONTROL 

Circuit  closing  relay's  are  recommended  for 
best  results.  Direct  current  is  preferred  for  the 
source;  and  a  storage  battery  is  the  most  re- 
liable means  of  supplying  this  on  account  of 
its  greater  freedom  from  effects  of  svstem  dis- 
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lurliaiuTS,  Low  \i)lt;iKO  slorano  batteries 
such  ;is  are  used  iu  autoiiioliiles  have  been 
very  successful.  The  cost  is  low  and 
ehar^inf^  by  a  Tutij^ar  Rectifier  is  exceedingly 
simple;  12-volt  batteries  in  (general  have 
};iven  satisfactory  results,  thoujjh  as  a 
j;realer  safeguard  24-volt  batteries  are 
reeomniended. 

Trippinj;  reactors,  a  simple  illustration  of 
which  is  shown  in  Fig.  20,  may  sometimes  be 
used  to  supply  the  needed  constant  source  of 
trijiping  potential.  The  reactor  being  con- 
nected directly  in  the  secondary-  circuit  of  the 
current  transformer  will  have  a  potential 
built  up  across  its  terminals  by  the  passage  of 
the  current.  If  the  current  is  sufliciently  high 
to  operate  the  relay  it  will  be  high  enough  to 
provide  the  necessary  potential  for  the  trip 
coil. 

It  is  preferable  to  limit  the  use  of  circuit 
opening  relays,  even  where  available,  to  posi- 
tions where  the  maximum  secondary  current 
which  the  contacts  must  rupture  will  not  ex- 
ceed 50  amperes.      If  we  consider  only  the 

>1  C.  Scyses 


DCOpe/^atir-i^Busses 


y  Aux.  5w/t  ch 

\Opert  tv^en 

Oil  Circuit 

\Eir&3keri5  Open 


Different  ia//y 


Reset  Contacts 


Field  _k 
>witcf^J 


Aux.Sryitc/iOpert 
kvhery  rie/c/  Simtch 


Fig.  17.     Connections  for  Differential  Protectio 
of  Alternators 


very  sensitive  trip  mechanism,  requiring  the 
low  value  of  35  volt-amperes  to  operate,  the 
contacts  of  the  circuit  opening  relay  would  be 
required  at  50  amperes  secondary  to  rupture 
'■\.h  k-va.,  which  is  an  appreciable  amount  of 
power. 


METHODS  OF  SIMULTANEOUSLY  TRIPPING 

TWO   CIRCUITS  BY    MEANS  OF 

ONE  OVERLOAD   RELAY 

For  tiiis  i)urpose  either  the  time  limit  induc- 
tion or  the  plunger  type  relays  may  be  used. 
If  manually  oi)erated  circuit  breakers  are  in- 


Fig.  18.      Relay  Used  for 

Differential  Protection 

of  Alternators 


Fig.  19.     Relay  Used  for  Dif- 
ferential Protection  of  Alter- 
nators (Cover  Removed) 


volved  they  may  have  the  two  d-c.  trip  coils 
connected  together  in  multiple  to  be  operated 
simultaneously  by  one  two-contact  (one  cir- 
cuit) circuit  closing  overload  relay.  This 
multiple  connection  is  feasible  due  to  the  fact 
that  either  circuit  breaker  can  be  opened  in- 
dependently by  means  of  its  operating  lever 
without  disturbing  the  other  breaker.  The 
need  for  auxilian-  switches  to  open  a  tripping 
circuit  will  be  determined  simply  by  the  ability 
of  the  relay  contact  to  rupture  the  circuit. 

Electrically  operated  circuit  breakers  or- 
dinarily cannot  have  their  trip  coils  wired  in 
multiple,  because  if  so  connected  it  would  be 
impossible  to  trip  one  circuit  breaker  manu- 
alh'  from  a  control  switch  without  tripping 
the  other  circuit  breaker  also.  In  this  case, 
the  closing  of  the  contact  of  the  overload  re- 
lay should  control  an  auxiliary'  relay  or  re- 
lays, which  will  in  turn  control  the  two  trip- 
ping circuits. 

The  diagrams  illustrate  the  methods  by 
w-hich  this  may  be  accomplished.  Fig.  21 
shows  a  scheme  particularly  applicable  to  in- 
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duction  overload  and  reverse  power  relays. 
Fig.  22  shows  two  auxiliary  relays  used  with 
plunger  type  overload  relays.  In  this  case, 
the  extra  auxiliary  switches  are  not  needed 
because  the  plunger  relay  is  capable  of 
rupturing  the  current  taken  by  the  operating 
coils  of  the  auxiliary  relay. 


EE-PHASE   ISOLATED 


Fig.  20.     Simple  Connection 
for  Tripping  Reactor 

For  electrically  operated  circuit  breakers, 
instantaneous  overload  relays  of  the  plunger 
type  may  be  properly  provided  with  three 
contacts  (two  circuits). 

BUSHING  TRANSFORMERS 

Bushing  transformers  on  account  of  their 
lower  cost,  are  being  used  to  a  considerable 
extent  for  protective  purposes.     On  account 


A,C.tiu5^5 


Fig.  21.     Connections  of  Induction  Overload  Relays 
for  Tripping  Two  Oil  Circuit  Breakers 

of  the  necessarily  great  length  of  the  magnetic 
circuit  and  the  fact  that  only  one  primary 
turn  can  be  provided,  the  magnetizing  current 
must  be  high  and  accordingly  the  transformers 
are  rather  inaccurate  for  the  lower  ratios. 
However,  as  most  operating  companies  now 


relay  for  short  circuit  protection,  there  is 
seldom  any  need  for  using  these  low  ratios. 
A  bushing  transformer  of  a  ratio  150/5  am- 
peres will  give  good  results  when  used  with 
relays.  As  the  ratio  increases  the  errors  de- 
crease, and  by  the  time  a  ratio  of  300/5  am- 
peres is  reached  the  bushing  transformer  is 
equal  in  most,  and  superior  in  some,  respects 
to  the  standard  instrument  type  of  current 
transformer  for  protective  relay  purposes. 
Ratios  of  less  than  150/5  amperes  are  not  rec- 
ommended for  the  various  balanced  schemes, 
and  even  at  this  value  it  is  preferable  to  con- 
nect the  secondaries  of  two  transformers  in 
series.  Ratios  of  200/5  amperes  usually  give 
satisfactory  results  with  a  single  transformer 
for  balanced  work. 

TEMPERATURE  RELAY  FOR  MACHINE 
BEARINGS 

Figs.  23  and  24  show  two  views  of  this  relaj^ 
one  with  the  cover  removed,  and  the  other 
with  the  relay  completely  assembled. 

This  relay  is  used  as  a  protective  device  to 
function  in  case  the  bearing  of  the  machine  to 
which  it  is  connected  becomes  overheated  to  a 
dangerous  extent.  The  contacts  of  the  re- 
lay can  be  either  circuit  opening  or  circuit 
closing. 


Fig.  22.     Connections  of  Time  Limit  Plunger  Overload 
Relays  for  Tripping  Two  Oil  Circuit  Breakers 

When  the  relay  operates,  the  circuit 
breakers  controlling  the  circuits  to  which  the 
machine  is  connected  will  be  opened  and  the 
machine  stopped. 

The  essential  features  of  the  relay  consist  of 
a  "syphon,"  the  bulb  of  which  is  embedded  in 
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Uk'  hi'arinj^  to  be  protccli'il.  TIk'  syplion  is 
lillcd  with  ;i  \-olatile  liquid  wliicli  vaporizes  in 
the  bulb  at  tho  ti.'ni|)i'ratiuv  at  which  tin-  relay 
is  to  oi)t'ratc  and  tlu-  pressure  produced  ex- 
])ands  the  niclal  bellows  or  "syphon"  and 
throuj^h  it  controls  the  contacts. 

After  operatinj^,  the  relay  is  ordinarily  reset 
by  hand  thereby  delinitelx-  bringinj^  the  mat- 
ter to  the  attention  of  the  atlendant. 

DC.   REVERSE  POWER   RELAY 

This  new  d-c.  rc\^erse  power  relay  shown  in 
Fiy;.  25  is  sufiiciently  sensitive  to  operate  on 
the  "numinj;  light"  current  of  a  synchronous 
converter,  that  is,  at  1)2  pcr  cent  of  its  con- 
tinuous rating.    The  current  coil  is  connected 


circuit  breakers  c(jnlrolled  arc  cc|uippcd  with 
an  auxiliary  .switch  to  automatically  break  the 
coil  circuit  of  the  control  relay.  The  relay 
closes  instantaneously  but  "hesitates"  about 
one  second  after  deenergized  before  the  con- 
tacts open  again.  By  this  time  the  breaker 
will  have  been  jiositiv'cly  latched  closed.  An 
earlier  ty[)e  of  hesitating  control  relay  made 
use  of  an  oil  dash  pot  to  produce  the  desired 
ilelay,  but  it  has  been  superseded  by  the  type 
shown  in  Fig.  2(i.  In  the  new  design  the  time 
delay  is  obtained  by  means  of  a  heavy  copper 
tube  surrounding  the  relay  plunger  and  inside 
the  operating  coil.  When  the  coil  is  energized 
the  plunger  is  raised  and  the  contacts  closed. 
When  the  operating  coil  circuit  is  broken  the 


Temperature  Relay  for  Protection 
of  Bearings 


Temperature  Relay  for  Protection  of  Bearings 
(.Cover  Removed) 


to  a  shunt  of  the  proper  ampere  capacity  in 
the  direct  current  circuit. 

Extreme  sensitiveness  is  obtained  b\-  the 
powerful  excitation  of  the  potential  element 
acting  with  a  well  excited  current  element. 
Both  current  and  potential  windings  are  sta- 
tionary' but  within  the  current  coil  there  is 
a  pivoted  iron  armature  which  is  rotatable 
about  a  vertical  axis  and  which  carries  the 
contact  button  shown  in  the  illustration. 

When  operation  takes  place  the  action  is 
quick  and  positive.  Contact  pressure  is  un- 
usually good  for  so  sensitive  a  device.  The  re- 
lay is  regularly  insulated  for  1.500  volt  service. 
HESITATING  CONTROL   RELAY 

Hesitating  control  relays  have  been  in  use 
for  a  long  time  where  the  electrically  operated 


usual  "inductive  kick"  starts  up  a  heav\-  cur- 
rent in  the  copper  tube  which  in  turn  tends  to 
maintain  the  flux.  As  a  result  the  flux  dies 
away  slowly,  and  in  approximately  one  second 
the  plunger  falls  again  and  opens  the  contacts. 

LOCKING   RELAYS 

Locking  relays  are  usually  provided  with 
circuit  opening  contacts  which  are  connected 
in  series  with  the  tripping  circuit  of  an  oil  cir- 
cuit breaker.  They  are  ordinarily  used  to  pre- 
vent the  tripping  of  the  breaker  in  case  the 
current  flowing  at  the  time  is  above  the  inter- 
rupting rating  of  the  breaker. 

Locking  relays  are  usually  provided  with  a 
ver}^  high  secondary  current  setting.  For  this 
reason  care  must  be  exercised  to  see  that  the 
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current  transformers  intended  for  this  pur- 
pose maintain  their  approximate  ratio  at  the 
•  high  current  at  which  relays  are  desired  to 
operate  and  with  the  full  volt-ampere  load  of 
the  locking  relay  and  other  equipment  which 
may  be  connected  to  the  secondary  circuit. 


Fig.  25.     Sensitive  D-C.  Reverse  Power  Relay 
NOTCHING   RELAYS 

Fig.  27  shows  a  relay  designed  to  open  its 
contacts  after  its  coil  has  been  energized  a 
predetermined  number  of  times,  providing 
there  is  less  than  a  predetermined  time  in- 
terval between  these  impulses.  The  con- 
tacts are  reset  by  hand.  This  relay  is  used  in 
connection  with  an  oil  circuit  breaker  reclos- 
ing  scheme.  Fig.  28  shows  the  wiring  con- 
nections, the  sequence  of  operation  of  the 
equipment  being  as  follows :  The  overload  re- 
lay trips  the  oil  circuit  breaker.  The  circuit 
closing  auxiliary  switch  on  the  oil  circuit 
breaker  is  closed.  The  notching  relay  makes 
one  stop  instantly. 

The  reclosing  relay  operates  in  a  definite 
time,  thereby  operating  the  hesitating  control 
relay  and  closing  the  oil  circuit  breaker.  (A 
hesitating  control  relay  is  used  in  order  to  per- 
mit the  oil  circuit  breaker  to  be  positively 
locked  in  before  the  control  contacts  part.) 
The  closing  of  the  oil  circuit  breaker  opens 
the  auxiliary  switch  again. 

The  reclosing  relay  then  opens  immediately 
and  is  followed  by  the  hesitating  control  relay 
in  approximately  one  second. 


The  notching  relay  starts  to  reset  and  will 
do  so  if  the  circuit  breaker  does  not  open  again 
in  a  pre-determined  time.  If  it  should  reset, 
the  first  step  made  as  referred  to  above  will  be 
lost  and  all  further  action  will  be  as  if  the 
breaker  had  not  opened  at  all. 

If  the  circuit  breaker  opens  within  this  pre- 
determined time  before  the  notching  relay  re- 
sets, the  complete  cycle  will  repeat  itself  ex- 
cepting that  the  notching  relay  in  this  case  will 
make  the  second  step. 

If  the  circuit  breaker  opens  the  third  time 
before  the  notching  relay  is  reset,  this 
notching  relay  will  make  the  third  and 
final  step  and  will  lock  everything  open 
until  the  equipment  is  reset  by  hand  by  the 
operator. 

The  present  interrupting  capacity  ratings 
of  oil  circuit  breakers  are  based  upon  the 
breaker  opening  twice  with  an  interval  of  two 
minutes  between  operations.  Usually  in  re- 
closing schemes  the  breaker  recloses  twice  and 
in  considerably  less  than  two  minute  intervals. 


Fig.  26.     Hesitating  Control  Relay 

Therefore,  the  interrupting  capacity  listed 
generally  cannot  be  used,  but  lower  figures 
must  be  obtained  both  on  account  of  the  fact 
that  the  breaker  may  be  required  to  open  more 
than  twice  at  short  intervals,  and  on  account 
of  the  fact  that  the  intervals  between  openings 
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arc  usually  sniallor  tluui  that  upon  which 
the  staiulard  iiitLTruptinK  capacities  arc 
based. 

REDUCING    THE    ERROR    OF    OLD    STYLE 
PLUNGER   RELAYS 

In  the  older  l\pes  of  plunder-bellows  over- 
load relays  (used  ])re\ious  to  the  standard 
unit  type)  a  quick  return  vahe  "F,"  see  Fig. 
2\),  was  provided  to  permit  the  relay  to  reset 
quickly.  This  valve  to  accomplish  its  purpose 
necessarily  had  a  section  area  much  larger 
than  that  of  the  opening  at  "E"  through 
which  the  air  should  be  forced  when  the  bel- 
lows is  collapsed.  Accordingly  any  leakage 
around  "G"  and  then  through  "H"  is  apt  to 
be  a  considerable  percentage  of  the  total  ex- 
pelling air,  and  an  error  is  caused.  Cases  are 
on  record  where  errors  as  high  as  25  per  cent 
in  successive  tests  have  been  reduced  to  prac- 
tically zero  by  simply  eliminating  this 
variable.  To  do  this  it  is  only  necessary 
to  drop  away  from  its  support  the  large 
metal  body  forming  the  upper  part  of 
the  bellows,  and  drive  a  wire  plug  in  the 
hole"H." 

The  newer  standard  unit  relay  is  regularly 
furnished  without  this  quick  return  valve. 


OIL   DASHPOTS  FOR   RELAYS   AND   TRIP 
COILS 

On  account  of  the  change  in  viscosity  of 
oil,  due  to  varying  temperature,  oil  dashpots 
should  rtot  be  used  on  relays  or  trij)  coils 
where  selective  action  is  required  in  respect  to 
other  circuit  breakers  in  the  svstem. 


Fig.  28.      Notching  Relay  as  Applied  to  Automatic 
Reclosing  of  Oil  Circuit  Breakers 


Fig  2  7.     Notching  Relay  iCo 


Fig.  29.     Sectional  View  of  Old  Style 
Time  Limit  Bellows 
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Lightning  II 

THE  EFFECT  OF  LIGHTNING  VOLTAGES  ON  ARRESTER  GAPS, 
INSULATORS  AND  BUSHINGS  ON  TRANSMISSION  LINES 

By  F.  W.  Peek,  Jr. 
Consulting  Engineer  Transformer  Department,  General  Electric  Company 

Probably  the  most  fruitful  sources  of  interruptions  to  service  are  line  insulator  failures  and  insulator 
flashovers  due  to  lightning.  Without  doubt,  some  of  the  former  are  also  directly  chargeable  to  lightning 
disturbances.  The  author  calls  attention  to  the  necessity  of  producing  lightning  arresters  of  very  high  speed, 
if  steep  wave  front  impulses  are  to  be  removed  before  damage  is  done  to  apparatus,  bushings,  and  other  equip- 
ment. He  then  proceeds  with  an  analysis  of  the  relative  speeds  of  different  forms  of  gaps,  and  shows  the 
variation  in  the  discharge  value  for  any  gaps  under  60-cycle  and  lightning  voltages,  and  under  wet  and  dry 
conditions.  A  discussion  is  also  given  of  the  types  of  disturbances  which  damage  apparatus  and  the  protection 
afforded  from  each  by  different  forms  of  lightning  arrester  gaps. — Editor. 


The  object  of  a  lightning  arrester  is  to  pro- 
vide a  short  circuit  path  to  ground  for  tran- 
sient voltages  and  a  means  of  dissipating  the 
transient  energy.  The  ideal  arrester  would  be 
one  connected  to  the  line  without  a  gap  and 
which  sifted  out  all  transient  voltages  and 
transformed  the  energy  into  heat  without  in 
any  way  disturbing  the  normal  voltage.  In 
practice  it  has  been  found  necessary  to  use  a 
gap.  Between  the  gap  and  ground  is  usually 
connected  an  energy  absorbing  and  arc  sup- 
pressing device.  The  dynamic  or  power  cur- 
rent always  follows  the  discharge.  Without  a 
current  limiting  and  arc  suppressing  device 
serious  voltage  and  current  disturbances 
would  result.  The  ideal  energy  absorbing  re- 
sistance would  be  one  with  high  values  for  the 
dynamic,  but  with  low  values  for  lightning  or 
over-voltages.  This  is  approached  to  a  high 
degree  by  the  aluminiun  cell  and  the  oxide 
film  cell. 

Unfortunately,  no  practicable  energy  ab- 
sorbing and  arc  suppressing  device  has  yet 
been  developed  which  can  be  used  without  a 
gap  on  alternating  current  circuits.  The  net- 
ting of  the  gap  is  determined  by  its  arc-over 
curve  at  normal  frequency  voltage.  It  must 
be  set  at  such  a  spacing  that  under  the  condi- 
tions to  Virhich  it  is  subjected  by  ordinary 
operation  such  as  rain,  harmless  surges,  dust, 
adjustment  of  parts,  etc.,  it  must  not  dis- 
charge the  power  voltage  and  thus  create  dis- 
turbances and  destroy  its  energj^  absorbing 
device. 

The  effect  of  the  various  operating  factors 
is  not  the  same  on  all  gaps.  Rain,  for  instance, 
greatly  lowers  the  60-cycle  spark-over  voltage 
of  many  gaps  and  makes  it  necessary  to 
greatly  increase  the  setting  of  uncovered  gaps. 
The  setting  factor,  which  will  be  called  a,  is 
important  when  gaps  are  compared.    This  is 

'F.  W.  Peek,  Jr.,  ■■Lightning,"  G-E  Review.  July.  1916. 
F.  W.  Peek,  Jr.,  "The  Effect  of  Transient  Voltages  on 
Dielectrics,"  A.I.E.E.,  Sept.,  1915. 


especially  so  since,  while  rain  lowers  the  60- 
cycle  Spark-over  voltage  and  makes  an  in- 
creased setting  necessary,  it  does  not  lower 
the  lightning  spark-over  voltage. 

Gaps  with  different  electrodes  set  at  equal 
60-cycle  spark-over  voltages  may  have  entirely 
different  lightning  spark-over  voltages.  We 
found,  as  discussed  in  former  papers,  that 
for  the  sphere  gap,  for  instance,  the  lightning 
spark-over  voltage  and  the  60-cycle  spark- 
over  voltage  are  equal,  while  for  the  needle 
gap  the  lightning  spark-over  voltage  is  very 
high."^  It  is  obviously  desirable  to  design  a 
lightning  arrester  with  low  lightning  spark- 
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Fig.  1.    Sphere  Wet  and  Dry  Spark-over  Voltages.  6.25  cm. 

Spheres  60  Cycles  and  Impulses  0.2  in.  Rain 

One  Sphere  Grounded 

over  voltage  and  insulators  and  bushings  with 
high  lightning  spark-over  voltages.  It  is 
practicable  to  do  this.  The  ratio  /3  between 
the  lightning  spark-over  voltage  and  the  60- 
cycle  spark-over  voltage  is  called  the  impulse 
ratio. 
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Tho  reason  for  the  liiKli  li^'lilninn  s])ark-over 
voltaKos  of  some  Raps  is  tlie  time  laj^  or  the 
time  required  for  the  ^ap  to  discharjjc  after 
the  ()(»-eycle  spark-over  voltaKC  is  reached. 

When  a  (iO-eyele  voUajje  is  slowly  applied  to 
a  K'M'  'I'li^l  j^'raihialh'  increased,  spark-over 
will  occur  at  son\c  definite  voltage.  This  is 
the  minin\um  voltage  that  will  cause  suffi- 
cient ionization  for  the  gap  to  discharge  and 
it  requires  a  relatively  long  time. 

Lightning  voltages,  or  voltages  of  relatively 
steep  wave  front  start  at  zero  or  line  voltage 
and  increase  at  the  very  rapid  rate  of  millions 
or  billions  of  volts  per  second.  When  such 
voltages  are  applied  across  a  gap  or  insulator, 
spark-over  does  not  occur  at  the  instant  the 
minimum  or  GO-cycIe  \-oltage  is  reached,  as 
considerable  time  is  rctiui"ed  at  this  ^-oltagc. 
When  this  voltage  is  reached  the  spark  be- 
gins to  fonn,  but  is  only  completed  after  the 
rapidly  rising  voltage  has  reached  some  higher 
value.  The  "slower"  the  gap  the  higher  the 
voltage  will  rise.  In  a  uniform  field,  break- 
down takes  place  over  a  relatively  short  path, 
everywhere  at  the  same  time.  In  the  case  of 
a  non-uniform  field  represented,  for  instance, 
by  the  needle  gap,  corona  forms  around  the 
electrodes  before  spark-over.    A  vast  amount 
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and  Impulse,  Wet  and  Dry 

of  air  must  be  ionized.  The  condition  is 
equivalent  to  putting  the  corona  or  arc  re- 
sistance in  series  with  an  ever  increasing 
capacity  represented  by  the  unbroken  dielec- 
tric. Time  is  thus  required  to  bring  all  of  the 
space  between  the  electrodes  up  to  the  break- 


down gradient  and  during  this  lime  the  light- 
ning voltage  rises  higher  and  higher. 

In  comparing  the  relative  protective  value 
of  two  gaps  it  is  necessary  to  consider  both  the 
setting  factor  a,  and  the  lightning  spark-over 
factor,  or  impulse  ratio  0.  This  is  obvious 
since  there  can  be  no  gain  in  using  a  gaj)  with 
low  lightning  spark-over  voltage  if  it  is  neces- 
sary to  set  it  at  large  spacings  to  prevent  the 
operating  voltage  from  continually  discharg- 
ing over  the  gap. 

One  of  the  greatest  factors  afTecting  the 
setting  is  rain.  Rain  reduces  the  00-cycle 
voltage  without  changing  the  lightning  spark- 
over  voltage.  The  effect  of  rain,  etc.,  on  the 
sphere  gap  is  shown  in  the  table  below: 

THE  APPROXIMATE  EFFECT  OF  RAIN,  ICE, 

DUST,  ETC.,  ON   THE  60-CYCLE 

SPARK-OVER  VOLTAGE  OF 

THE   SPHERE   GAP 

Percentage  of  Normal 
Voltage  to  Spark-ovcr 

Thin  coating  of  dust -. 98 

Coating  of  oil 100 

Heavy  coating  of  oil  and  sand 7.5-  90 

Thin  coating  of  ice 75-  90 

Thick  coating  of  ice 7.5-  80 

Surface  oxidized 100 

Ordinary  pitting 90-100 

Rain  0.2  inch  precipitation  per  min.  Polished 

spheres 40-  50 

Rain  0.2  inch  precipitation  per  min.  Pitted 

spheres 40-  50 

It  is  seen  that  the  setting  must  be  at  least 
doubled  to  prevent  line  voltages  from  dis- 
charging during  rain.  This  practically  dou- 
bles the  lightning  voltage. 

The  characteristics  of  the  various  gaps  will 
be  briefly  discussed. 

The  Sphere-gap,  Sphere-horn 

The  sphere-gap  has  an  impulse  ratio  /3,  of 
unity  or  very  low  lightning  spark-over  volt- 
ages. It  thus  offers  equal  protection  for  all 
sorts  of  transient  voltages.  When  exposed  to 
the  weather,  however,  the  setting  factor  a 
must  be  increased  so  that  the  line  voltage  will 
not  spark-over  during  rain.  The  wet  and  dry 
characteristics  are  showm  in  Fig.  1. 

The  factor  a  is  lower  for  the  horn,  but  the 
lightning  factor  /3  is  variable  and  high  for 
very  steep  wave  fronts.  The  point  has  the 
lowest  a,  but  /3  is  variable  and  extremely  high 
for  steep  w^ave  fronts.  The  characteristics  of 
the  horn  are  shown  in  Fig.  2. 

In  the  practical  gap  the  sphere  and  horn 
were  combined,  the  horn  being  used  to  assist 
in  breaking  the  dynamic  arc  and  for  the  gain 
in  discharging  low  frequency  surges  due  to 
the  smaller  difference  between  the  wet  and 
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dry  spark-over  voltages.  A  point  is  sometimes 
added  to  further  increase  the  protection  at  low 
frequency  surges.  This  gap  has  proved  very 
successful  in  its  several  years  of  practical  use, 
greatly  increasing  the  protective  value  of  ar- 
resters.    See  Fig.   3.      Take  for  comparison 
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Fig.  3.     Sphere  Horn.     Relative  Protective  Values  of  the 
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equal  wet  60-cycle  settings  of  50  k-v.  At 
2000  k-c.  the  spark-over  voltage  of  the 
horn  is  135,  the  sphere  100.  For  impulses  be- 
low 500  k-c.  the  spark-over  voltage  of  the  horn 
is  lower  than  that  of  the  sphere.  Thus,  when 
as  phere  horn  is  used  the  discharge  takes  place 
across  the  sphere  for  steep  wave  fronts  and 
across  the  horn  for  low  frequency  surges.  The 
gain  due  to  the  sphere  is  greater  at  higher 
voltages  and  steeper  wave  fronts.  The  cov- 
ered gap  shown  by  the  dotted  line  is  superior 
at  all  wave  fronts.  Such  references  on  the 
curves  as  2000  k-c,  100  k-c,  etc.,  mean,  unless 
otherwise  stated,  an  impulse  equivalent  to  a 
single  half  cycle  of  a  sine  wave  at  the  frequency 
(in  kilo-cycles)  indicated. 

The  Covered  Sphere 

If  a  sphere  gap  is  covered  and  shielded  from 
the  weather  its  protective  value  is  greatly  in- 
creased since  the  setting  imposed  by  the  con- 
dition that  the  normal  line  voltage  must  not 


^C.  T.  Alkutt,  Lightning  Arrester  Spark  Gap.  A.I.E.E. 
May,  1918.  Discussion  by  F.  W.  Peek,  Jr.,  A.I.E.E.,  Atlantic 
City,  June,  1918. 


discharge  over  the  gap  is  cut  in  half.  Such  a 
gap,  therefore,  discharges  lightning  voltages 
at  half  the  value  of  the  uncovered  sphere.  See 
Fig.  4.  _  This  gap  gives  the  highest  degree  of 
protection.  It  is  not  possible  to  use  it  on  all 
types  of  arresters,  since  a  horn  is  often  neces- 
sary to  assist  in  breaking  the  dynamic  arc. 

A  gap  not  appreciably  affected  by  the 
weather  and  still  providing  an  arc  breaking 
horn  may  be  built  as  in  Fig.  5.  The  two  gaps 
are  balanced  so  that  the  voltage  divides 
across  them  in  proportion  to  their  relative  set- 
tings. This  causes  simultaneous  break  down 
and  prevents  lag.  The  rain  affects  only  the 
outside  gap.  For  example,  if  the  outside  gap 
is  set  at  10  kv.  and  the  inside  gap  at  50  kv. 
the  outside  gap  would  be  reduced  to  5  kv.  by 
rain.  If  balanced  wet,  the  total  wet  spark- 
over  voltage  is  55  kv.  while  the  dry  spark-over 
voltage  is  60  kv.  The  only  object  of  the  out- 
side gap  is,  of  course,  to  transfer  the  dynamic 
arc  to  the  horn  when  it  rises  and  breaks.  See 
Fig.  6. 

Selective  Gaps 

Various  forms  of  selective  gaps  have  been 
proposed  from  time  to  time.  Probably  the 
most  interesting  and  important  one  is  that  in- 
vestigated by  Mr.  Allcutt.^ 
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Fig.  4.     Spheres  Wet  and  Dry  Spark-over  Voltages  6.25  cm. 

Spheres-covered  Gap,  60-cycle  and  Impulse,  Wet  and 

Dry,  One  Sphere  Grounded 

In  this  gap,  shown  in  Fig.  7,  the  division  of 
voltage  is  not  greatly  affected  at  60  cycles  if 
the  auxiliary  electrode  is  kept  at  the  mid- 
point. This  electrode  is  held  at  mid-potential 
by  the  two  condensers.  The  capacity  current 
at  60  cycles  is  too  small  to  cause  any  appre- 
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ciablc  tlrop  across  Iho  rosislance.  If  the  con- 
denser current  were  opened  on  one  side,  the 
gap  on  that  side  would  l>re;ilv  down  at  al)oul 
half  voltatje. 

For  steep  wave  fronts  the  resistance  has  the 
efTect  of  opening  the  circuit  on  that  side.    See 


100  kv.,  but  for  very  steep  wave  fronts  the 
impulse  ratio  of  the  5(J-kv.  gaj)  wouM  be 
greater  than  (2),  or  the  spark-over  voltage 
would  be  greater  than  100  kv.  The  impulse 
ratio  of  the  selective  gap  is  always  greater  than 
unity;  the  "apparent"  impulse  ratio  is  greater 


^,  Arc 

IvwHh-MI — '      J_  l-^| \ 


Fig.  S 


Pi«.8 


Fig.  S.  The  gap  on  that  side  breaks  down. 
The  voltage  does  not  immediately  disappear 
across  the  arc.  The  gap  has  lag  because  the 
arc  over  half  the  gap  has  the  effect  of  putting 
resistance  in  series  with  the  other  half. 
Whether  the  spark-over  voltage  is  above  or 
below  the  60-cycle  setting  depends  upon  the 
steepness  of  the  impulse.  The  effect  is  similar 
to  that  which  would  result  from  a  needle  gap 
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Fig.  6.     Wet  and  Dry  Spark-over  Covered,  Double 
Gap  Balanced 

which'could  be  set  at,  for  instance,  100  kv.  for 
60-cycle  operation  and  instantly  and  auto- 
matically reduced  to  a  50-kv.,  60-cycle  setting 
whenever  an  impulse  came  on  the  line.  For 
moderately  steep  wave  fronts  the  spark-over 
voltage  would  be  greater  than  50  and  less  than 


or  less  depending  upon  the  steepness  of  the 
wave  front.  The  reason  this  distinction  is 
made  is  discussed  elsewhere.  The  apparent 
impulse  ratio  should  be  used  in  comparing 
protective  values.  This  characteristic  for  the 
selective  gap  is  shown  in  Fig  9  and  com- 
pared with  a  srhere  gap  for  the  same  dr>-  60- 
cycle  setting';.  The  sphere  gap  spark-over 
voltage  is  practically  constant  for  all  wave 
fronts.  The  spark-over  voltages  are  the  same 
for  60  cycles.  At  moderate  wave  fronts  the 
selective  gap  has  about  5  to  20  per  cent  lower 
spark-over  voltage  than  for  spheres,  while  for 
steeper  wave  fronts  the  voltage  is  higher  on 
the  selective  gap.  The  protective  value  of  a 
gap,  as  already  pointed  out,  depends  not  only 
on  its  lightning  discharge  voltage  for  a  given 
60-cycle  setting,  but  also  upon  the  setting 
which  is  imposed  upon  it  by  operating  con- 
ditions. Fig.  9  shows  the  relative  protective 
values  of  spheres  and  selective  spheres,  assum- 
ing that  equal  dr\-  60-cycle  settings  are  pos- 
sible. The  settings  must  be  such  that  the  line 
voltage  does  not  frequently  spark-over  and 
cause  the  destruction  of  the  energy-  absorbing 
device  under  certain  operating  conditions. 
The  effect  of  rain  makes  it  necessary-  to  set  a 
non-shielded  selective  gap  at  about  double  the 
voltage  that  would  be  necessar\-  in  the  pro- 
tected gap.    See  Fig.  10. 

Other  forms  of  selective  gaps  have  been  de- 
vised and  it  is  possible  to  extend  the  selective 
principle  to  a  number  of  gaps  in  series, 
theoretically  (neglecting  lag)  making  it  pos- 
sible to  discharge  an  impulse  at  a  small  frac- 
tion or  line  voltage.  Such  a  gap  would  ol 
course  necessitate  high  initial  setting  and 
give  ver}'  little  protection  against  lightning 
impulses. 

The  selective  principle  may  also  be  readily 
applied  to  covered  gaps  if  it  is  deemed  ad- 
visable. 
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Types  of  Disturbances  Causing  Failures  in  Practice 
and  Relative  Protective  Value  of  the  Horn, 
Sphere-horn,  Selective  Sphere  Gap  and  Covered 
Gap  for  the  Various  Conditions 

The  over-voltages  that  cause  insulation 
failures  in  practice  may  be  divided  into  three 
classes: 
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Variation  of  Spark-ovor  Voltage  with  Wave 
Front  Sphere  and  Selective  Sphere 


1.  Gradual  increase  of  voltage  on  the  line 
due  to  static  or  low  frequency  surges. 
^  2.  Very  high  frequency  oscillations  of  volt- 
ages generally  too  low  for  any  gap  arrester  to 
discharge,  but  which  maj'  cause  very  high  in- 
ternal voltages  in  apparatus. 

3.  The  form  of  voltage  with  which  we 
are  principally  concerned — lightning  voltages 
of  very  steep  wa^'e  fronts  where  the  voltage 
across  the  apparatus  increases  from  normal 
to  a  very  high  value  in  perhaps  a  millionth  of 
a  second. 

Condition  1  is  readily  taken  care  of  by  any 
gap  and  need  not  be  further  discussed.  "  Con- 
dition 2  is  of  some  interest,  but  is  a  condition 
generally  not  taken  care  of  by  a  gap  arrester. 
Some  results  of  tests  will  be  given,  however. 
Condition  3.  is  the  steep  wave  front  condition 
that  represents  lightning  proper  and  with 
which  we  are  mostl)^  concerned. 

Impulse  Voltages  of  Steep  Wave  Front 

The  spark-over  voltages  of  various  types 
of  gaps  are  plotted  with  equal  wet  60-cycle 
settings  in  Fig.  11.  Values  are  plotted  for 
both  wet  and  dry  electrodes.     The  wave  ap- 


plied was  a  single  half-cycle  of  a  2000-k-c.  wave 
with  a  340-kv.  maximum;  that  is,  at  super- 
voltage.  The  application  of  a  super-voltage  in 
effect  increases  the  steepness  of  the  wave  front. 
The  rate  of  application  of  voltage  or  the  wave 
front  was  thus  about  70  x  10"  volts  per  second. 
Waves  steeper  than  this  occur  on  lines  in  prac- 
tice. In  fact,  it  was  first  noted  that 
there  was  a  difference  between  the 
60-cycle  and  lightning  spark-over 
voltages  of  various  electrodes  by 
the  existence  of  such  waves  on  an 
operating  line.  The  bushings  on 
the  line  alwa5'S  protected  the  light- 
ning arrester  horns  although  the 
horns  had  a  lower  60-cycle  spark- 
over  voltage.  By  measuring  the 
impulse  spark-over  voltages  of  the 
bushing  and  the  arrester  gap  in 
the  laboratory  it  was  found  that 
the  bushing  protected  the  horn  for 
a  wave  front  at  which  the  impulse 
ratio  of  the  horn  was  over  (2); 
this  corresponds  to  a  steeper  wave 
than  the  one  under  rnxmediate  dis- 
cussion.    See  Fig.  11. 

It  will  be  noted  that  the  covered 
gaps  give  by  far  the  best  protec- 
tion   under    this    condition.     For 
example,  when  all  the  gaps  are  set 
on  the  line  at   100  kv.,  lightning 
voltage  discharges  respectively  at 
100  kv.  on  the  covered  gap,  115  kv.  on  the 
balanced  covered  gap,  225  kv.  on  the  sphere 
of  the  sphere-horn,  225  kv.  on  the  selective 
sphere,  and  320  kv.  on  a  horn. 

ISOr 


Fig,  10.     Selective  Sphere  60-cycle  and 
Impulse,  Wet  and  Dry 
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Moderate  Wave  Fronts 

A  similar  ci)ini)arison  is  jjiven  in  Fij;.  12  for 
moderate  wave  fronts.  The  impulses  beinj; 
single  half  cycles  of  100  k-c.  waves,  the 
average  fronts  ran^jing  from  U.5  to  1X10" 
volts  i)er  second. 

It  will  be  noted  that  here,  also,  the  covered 
spheres  give  the  best  protection.  For  ex- 
ample, at  100-kv.  line  setting  the  impulse 
spark-over  voltages  are  respectively  100  kv. 
for  the  covered  sphere,  110  kv.  for  the 
balanced  covered  sphere,  170  kv.  for  the 
selective  sphere,  178  kv.  for  a  horn  or  the  horn 
of  the  sphere  horn,  130  kv.  for  points  of  the 
sphere-horn  and  222  kv.  for  the  sphere.  If 
this  data  is  compared  with  that  in  Fig.  11  the 
value  of  the  sphere-horn  combination  is  well 
illustrated.  For  the  steep  wave  fronts  the 
sphere  affords  the  better  protection,  while 
for  the  moderate  waves  the  horn  affords  the 
better  protection  and  a  still  greater  gain  is 
made  by  adding  points.    This  comes  about,  of 
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course,  due  to  the  difference  between  the  wet 
and  dry  setting. 

Ratio  for  Comparing  the  Relative  Protective  Value 

of  Various  Gaps 

From  the  above  discussion  it  is  readily  seen 
that  in  order  to  compare  the  relative  protect- 


i\e  value  of  various  gajjs  two  factors  must  be 
considered: 

1.  The  increased  (>0-cycle  setting  imposed 
by  operating  conilitions  to  prevent  the  gap 
from  continuously  discharging  due  to  rain  or 
harmless  surges.    Let  the  ratio  of  the  actual 
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operating  setting  to  the  normal  setting  be 
called  a,  where  the  normal  setting  is  that 
which  just  pre\'ents  the  line  voltage  from  arc- 
ing over  under  ideal  conditions. 

2.  The  impulse  ratio  (or  apparent  im- 
pulse ratio  for  the  selective  gap)  for  the  wave 
under  consideration.  Let  the  impulse  ratio  be 
called  /3.    The  relative  protective  value  of  two 

.  «!  j3l 

gaps  is  then  — - 

For  example; — a  gap  must  be  set  at  50  k\-. 
(max.)  to  prevent  the  60-cycle  line  voltage 
from  causing  it  to  spark-over  under  ideal  con- 
ditions. The  relative  protective  values  of  a 
horn  and  a  covered  sphere  for  the  2000  k-c. 
w^ve  are  obtained  as  follows  from  Figs.  2 
and  4: 

Horn  Covered  Sphere 

«!  =  75/50  =  1.50  a2  =  50,50  =  l 

/3i=  133/75=  1.77  (32  =  50  50  =  1 

q:i/3i  =  1.50X1. 77  =  2.65  a-2/32  =  l 

ai/3i 'a2/32  =  2.65 

The  horn  permits  the  lightning  voltage  to 
rise  to  2.65  times  the  value  of  the  voltages  per- 
mitted by  the  covered  sphere. 
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Combination  of  Lightning  and  60-cycle  Voltages 

The  lightning  spark-over  voltage  varies 
with  the  point  on  the  60-cycle  wave  at  which 
the  discharge  takes  place;  it  is  a  minimum 
when  it  occurs  at  the  maximum  of  the  60- 
cycle  wave  and  in  an  additive  direction.    The 


Fig.  13.    Relative  Protective  Values  of  Various  Gaps. 

Impulses  Imposed  on  and  Opposite  to  the 

Maximum  of  the  60-cycle  Wave 

lightning  spark-over  voltage  is  a  maximum 
when  it  occurs  at  the  maximum  of  the  60-cycle 
wave,  but  in  the  opposite  direction.  The 
relative  effects,  however,  are  approximately  the 
same  for  all  of  the  types  of  gaps  discussed. 

Relative  data  for  the  condition  when  the 
discharge  occurs  at  the  maximum  of  the  60- 
cycle  wave,  but  in  the  opposite  direction,  is 
given  in  Fig.  13. 

High  Frequency  Oscillations 

The  effect  of  sustained  high  frequency 
oscillations  not  very  highly  dampened  is 
shown  in  Fig.  14.  It  is  probably  very  rarely 
that  oscillations  with  such  a  low  damping  fac- 
tor occur  on  a  transmission  line.  The  arcing 
ground  condition  is  more  nearly  approxi- 
mated by  a  series  of  the  impulses  discussed 
above.  •  Note  that  the  horn  and  points  give 
good  protection  for  sustained  oscillations. 

'  Factors  Determining  the  Sate  Spark-over  Voltage  of  In- 
sulator and  Bushings  for  High  Voltage  Transmission  Line. — 
F.  W.  Peek,  Jr..  G.E.  Review.  June,  1916. 


Line  Insulators,  Bushings  and  Insulation  Generally 

Line  insulators  and  bushings  should  have  a 
high  impulse  ratio  or  lightning  arc-over  volt- 
age. The  bushing  mentioned  above  as  pro- 
tecting the  horn  had  a  low  impulse  ratio. 
The  60-cycle  and  lightning  spark-over  volt- 
ages were  nearly  equal.  The  horn  would  have 
given  protection  in  this  case  if  the  impulse 

SPARK-OVER  VOLTAGES  DISC  INSULATORS 

(One  Side  Grounded) 


No. 

of 

Units 

60-cycle 
Spark- 
over 

Impulse 
Spark- 

Impulse 
Ratio 

String 
Efficiency 
60-cycle 

String 
Efficiency 
Impulse 

1 

80 

85 

1.06 

2 

142 

167 

1.18 

0.87 

0.98 

3 

204 

262 

1.28 

0.85 

0.99 

4 

261 

345 

1.36 

0.81 

1.01 

5 

317 

410 

1.30 

0.79 

0.97 

6 

368 

0.77 

ratio  had  been  higher  or  the  wave  had  not  been 
so  steep.  Bushings  are  now  designed  with  a 
high  impulse  ratio. 

The  60-cycle  spark-over  voltage  of  a  bush- 
ing or  insulator  is  often  very  appreciably 
lowered  by  rain.  It  is  fortunate,  however, 
that  the  lightning  spark-over  voltage  is  not 
appreciably  changed  by  rain. 


\2c10 

S  /60 

t/ao 

yoo 
'C  so 


1  1  1  1  1 

Sphere  Ori^ 

\^ 

f 

i 

i 

1 

fSphcreWet 

/ 

/ 

y 

/ 

/' 

/ 

d 

</ 

r 

/ 

/ 

/ 

/• 

^ 

SckctiK  Sphere 
Wet  oncf  Pri/ ^^ 

/ 

/ 

V 

/ 

/ 

/ 

/ 

«/ 

' 

/ 

/ 

/ 

/  Covered 
Sphere  mt 
and  Org 

a 

^ 

/ 

/ 

/ 

/ 

'/ 

A 

Bofonced 
'^Double  Sphere 

- 

/ 

/ 

y 

/ 

/ 

y 

1     1     1    1     1 

i 

/ 

f 

1 

/ 

/ 

Points  of  Sphere  Horn 

/ 

t 

1  i  f  _ 

Horn  of  Sphere  Horn 

1  1 

1     1     1    1    1     1    1     1 

•^Wei 

1  1  M  M  M 

Or 

/ 

Fig.  14.     Relative  Discharge  Values  of  Spheres,  Selective 

Spheres,  Covered  Spheres,  50,000-cycle 

Sustained  Oscillation 

The  data  above  were  taken  on  different 
lengths  of  strings  of  Hewlett  disk  insulators. 
The  impulse  was  a  single  half-cycle  of  a  200- 
k-c.  wave,  or  of  very  moderate  wave  front. 

The  wet  impulse  spark-over  voltage  is  ap- 
proximately the  same  as  the  dry. 

Impulse  ratios  of  (3)  or  more  have  been  ob- 
tained on  bushings.  More  complete  data  on 
line  insulators  have  been  published  elsewhere.' 


'Ml 


Features   of  the   New   Steam   Power  Plant  at   the 
Erie  Works  of  the  General  Electric  Company 

By  A.  R.  Smith 
C'oNsTKic HON  Engineering  Uepaktmknt,  Oknerai.  Klectkic  Comtasy 

In  describing  this  new  steam  power  plant,  the  author  successively  considers  the  coal  and  ash  handlinR 
facilities,  lighting  and  ventilation,  the  steam  distribution,  cable  distribution  and  power  distribution.  He  then 
deals  with  the  turbine  and  condenser  equipment.  Many  of  the  special  features  in  this  modern  steam  power 
plant  will  undoubtedly  be  of  interest  to  our  readers. 

Mr.  .-\.  H.  Kruesi'  has  written  an  introduction  to  Mr.  Smith's  article  which  appears  as  the  first  para- 
>;rapli. — Editor. 


Introduction 

The  Erie  Works  is  situated  on  a  rectanjjular 
tract,  tlie  Central  Aventie  of  which  is  about 
4.")(K)  feet  distant  from  the  shore  of  Lake  Erie 
and  the  yard  level  of  which  is  abotit  U.")  feel 
above  lake  level.  Early  studies  of  the  design 
and  location  of  the  power  plant  for  this 
works  indicated  that  there  should  be  a  central 
plant  on  the  works  tract  of  a  size  just  sufficient 
to  generate  the  steam  required  for  heating 
the  plant  and  to  distribute  power,  compressed 
air,  dive  steam,  etc.  For  the  economical 
generation  of  the  bulk  of  the  power,  a  plant 
at  the  lake  side  of  about  20,00()-kw.  capacity 
was  proposed.  Later  it  was  concluded  to 
build  a  central  station  which  should  be 
capable '  of  expansion  to  provide  for  the 
ultimate  works  development,  but  which  may 
never  reach  assumed  capacity.  The  present 
plant  represents,  therefore,  about  one  quarter 


of  what  may  eventually  be  a  jjlanl  capable  of 
supplying  2.")(),()fK)  jjounds  of  exhaust  steam 
per  hour  and  a  power  outjjut  of  2.j,()U<)  kw. 
Such  a  ])lant  is  to  be  regarded  as  a  utility 
plant  rather  than  as  a  power  plant  for  the 
reason  that  it  must  deliver  many  ser\^ices, 
such  as  low  pressure  steam,  high  pressure 
steam,  compressed  air,  water  for  fire  pro- 
tection, etc.  These  services  impose  certain 
limitations.  For  example,  the  boilers  must 
be  built  for  moderate  pressure  and  superheat 
so  as  to  make  them  available  for  the  supply 
of  manufacturing  steam  as  well  as  turbo- 
generators. In  most  other  respects  the 
requirements  are  expansive  rather  than  re- 
strictive. Such  a  plant  cannot  be  built  com- 
plete and  regarded  as  finished  within  a  few 
years.  It  must  grow  slowh-  and  continuously 
with  the  factory  it  ser\-es  over  a  period  of 
many  years.    Throughout  this  period  it  must 
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accommodate  changes  in  kind,  type  and  size 
in  every  part  of  its  equipment  as  it  grows.  It 
must  be  adapted  for  apparatus  far  heavier 
and  of  different  proportions  than  that 
originally  planned  for.  This  applies  par- 
ticularly to  ample  head  room,  both  in  the 
basement  and  above.  The  economy  of  design 
of  such  a  plant  cannot  be  judged  by  the  usual 
standards.  Adequate  space  and  flexibility  to 
accommodate  changes  have 
been  the  leading  considera- 
tions in  the  design  of  this 
station. 

Coal  Handling  Facilities 

Coal  is  received  by  rail 
and  the  standard  coal  cars 
are  run  in  the  boiler  room 
basement,  as  illustrated  in 
Fig.  1.  Two  of  these  three 
tracks  are  primarily  in- 
tended for  handling  ashes, 
but  all  of  the  tracks  may 
be  filled  with  cars  to  per- 
mit thawing  out  the  coal 
in  winter,  and  the  coal  can 
be  dumped  from  the  cars 
on  all  the  tracks.  A  crane 
is  provided  for  reclaiming 
the  coal  from  the  low  stor- 
age or  for  removing  coal 
from  flat  bottom  cars.  This 
crane  will  also  serve  to 
rehandle  the  coal  in  case 
of  fire. 

Normally,  the  cars  are 
emptied  into  the  track 
hopper,  shown  in  Fig.  1, 
this  hopper  having  a  ca- 
pacity of  approximately  50 
tons.  The  coal  flows  from 
the  track  hopper  through  a 
crusher  to  a  belt  conveyor 
and  thence  to  a  bucket 
elevator  where  it  is  lifted 
to  the  distributing  belt  con- 
veyor above  the  bunker. 
If  the  upper  bunker  is  full 
and  cars  are  waiting  to  be 
unloaded,  they  may  be 
dumped  into  the  low  storage,  thus  avoiding 
demtuTage  charges.  If  the  coal  bunker  is 
empty  and  an  expected  shipment  of  coal  is 
delayed,  the  coal  can  be  reclaimed  from  the 
low  storage. 

The  low  storage  has  a  capacity  for  two  days' 
supply,  or  of  21  fifty-ton  cars  for  half  the 
ultimate  station  capacity.  The  overhead 
bunker  has  a  capacity  for  two  and  one  half 


days'  supply,  or  equivalent  to  26  cars  of  fifty- 
ton  capacity. 

Method  of  Handling  Ashes 

The  ash  hoppers  are  sufficient  in  size  to  hold 
a  normal  24-hour  run  of  ashes;  thus  they 
need  only  be  emptied  once  a  day.  The  ashes 
are  dumped  directly  into  standard  gauge  cars, 
similar  to  those  employed  for  the  transporta- 


Fig.  1.     Traverse  Section  at  Stacks 


House,  Erie  Works 


tion  of  coal.     These  cars  are  emptied  in  the 
yard,  where  the  ashes  are  used  for  fill. 

Lighting  and  Ventilation 

Particular  attention  has  been  given  to  the 
natural  illumination  and  ventilation  of  both 
the  boiler  room  and  turbine  room.  The  coal 
and  ash  handling  room  in  the  basement  con- 
sists of  a  large  chamber  74  ft.  wide  and  28  ft. 
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high,  exckisive  oi  \.hv  coal  ])il.  This  space  may 
be  kept  free  fix)in  eomhuslihlo  pases  by 
means  of  any  of  tlie  forced  drafl  blowers  sup- 
plyin;;:  the  stokers.  The  basement  under  the 
firini,'  aisle  is  provided  with  outside  windows. 
The  lirinj:;  aisles  are  liberally  sui)])lied  with 
windows  and  are  also  ventilated  by  means  of 
the  monitor  roof.  The  economizer  room  and 
the  header  aisle  between  the  boilers  are 
lighted  and  ventilated  by  means  of  the 
n;onitor  roof.  The  distributing  conveyor 
room  above  the  bunker  is  completely  iso- 
lated   from   the    rest    of    the    building    and 


flo(jr.  The  mezzanine  floor  for  the  low  tension 
oil  switches  and  the  Il,(Wi()-volt  bus  compart- 
ments and  the  sub-basement  for  caVjle  ducts 
are  lighted  and  ventilated  from  outside 
windows. 

Distribution  of  Steam 

The  steam  tunnel  between  the  turbine 
room  and  the  boiler  room  is  2G  ft.  wide  and  17 
ft.  high.  This  tunnel  carries  the  large  ex- 
haust mains  for  heating,  the  high  pressure 
steam  mains  for  testing  and  manufacturing 
purposes,  the  compressed  air  mains,  and  the 
return  mains  bringing  back 
drips  from  the  manufacturing 
and  heating  steam.  This  sub- 
way leads  to  the  Central  Ave- 
nue of  the  Works;  between 
the  power  house  and  the 
Central  Avenue  subway  it 
will  be  in  the  form  of  a  twin 
subway,  each  about  14  ft. 
square.  The  exhaust  steam 
for  heating  purposes  is  ex- 
tracted from  the  three  2500- 
kw.  turbines,  which  will  sup- 
ply some  250,000  lb.  of  steam 
per  hour.  This  is  sufficient 
exhaust  steam  for  the  con- 
templated ultimate  works  de- 
velopm.ent,  but  only  repre- 
sents about  one  half  of  the 
heating  steam  which  will  then 
be  required.  The  maximum 
heating  steam  in  wimer  is 
required  for  such  a  short 
period  that  the  economy  of 
by-product  heating  does  not 
warrant  the  increased  invest- 
ment charges  consequent  to 
enlarging  the  exhaust  steam 
mains  and  tunnels.  During 
extremely  cold  periods  high 
pressure  steam  is  fed  into  the 
heating  mains  at  the  various 
buildings. 


Fig.  2.     Longitudinal  Elevation  Boiler  Room,  Central  Power  House,  Erie  Works 


separately  ventilated  and  lighted  by  outside 
windows. 

The  steam  subway  is  lighted  and  ventilated 
by  means  of  a  monitor,  shown  in  Fig.  3,  and 
may  also  be  ventilated  by  the  forced  draft 
stoker  blowers.  The  turbine  room  is  provided 
with  windows  on  both  sides.  The  basement 
of  the  turbine  room  is  lighted  and  ventilated 
by  means  of  large  well  openings  in  the  main 


Cable  Distribution 

In  order  to  pro\'ide  for  the 
maximum  flexibility  for  the 
distribution  of  cables,  all  of  which  will  later 
be  undergroimd,  a  separate  room  has  been 
allotted  to  the  cable  ducts  for  outgoing 
cables.  This  room  is  directly  below  the 
11,000-volt  S'R-itching  equipment;  and  also 
below  the  600-volt  switching  room,  as  shown 
in  Fig.  3.  There  is  one  bank  of  ducts  for  500- 
volt  direct  cturent  cables,  two  banks  for  600- 
volt  a-c.  cables,  and  two  banks  for  11,000-volt 
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Fig.  4.      Erie  Works  Central  Power  Plant  Main  Floor  Pla 
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a-c.  cables.  Each  bank  of  ducts  is  arranged 
so  there  are  only  two  ducts  side  by  side,  and 
a  space  for  air  circulation  is  provided  on  either 
side  of  the  bank.  With  this  arrangement, 
cables  can  be  taken  out  from  the  north  or 
south  end  of  the  building  and  the  ducts  can 
be  constructed  to  meet  future  requirements 
as  regards  the  position  of  the  switches. 

Power  Distribution 

The  major  part  of  the  power  supplied  to 
the  manufacturing  buildings  is  alternating  cur- 
rent. The  demand  for  direct  current  for 
variable  speed  tools  was  reduced  to  a  min- 
imum and  the  bulk  of  this  is  consumed  in  the 
large  machine  shops.  On  account  of  the  large 
amount  of  alternating  current  which  had  to  be 
distributed  to  individual  motors,  the  voltage 
adopted  was  600.  For  direct  current  serv- 
ice a  500/250-volt,  3-wire,  grounded  neutral 
system  is  employed.  A  separate  system  of 
230/1 15- volt  alternating  current  is  used  for 
lighting. 

The  works  is  divided  into  districts.  Each 
district  is  some  800  or  1000  feet  square,  and  is 
provided  with  a  substation  containing  both 
power  and  lighting  transformers.  A  separate 
11,000-volt  underground  line  will  feed  each 
substation  and  a  ring  feeder  tapping  into  each 
substation  will  be  used  as  an  emergency  in  the 
event  of  failure  of  any  main  feeder. 

For  supplying  the  500/250-volt  direct  cur- 
rent, a  motor-generator  set,  designed  for 
power  factor  correction,  will  be  installed  in 
each  of  the  large  machine  shops.  Other 
motor- generator  sets  located  in  the  power 
house  will  serve  smaller  buildings  and  will  act 
as  a  reserve  through  a  ring  feeder  system  in 
the  event  of  failure  of  any  of  the  distributed 
motor-generator  sets. 

An  11,000-volt  distribution  was  found  to  be 
no  more  costly  than  6600  volts,  although  the 
distances  are  rather  short.  In  view  of  the 
fact  that  a  lake-side  power  plant  may  possibly 
be  installed  and  all  of  the  power  transmitted 
from  .the  lake  to  the  works,  11,000-volt  dis- 
tribution was  considered  better. 

Turbine  and  Condenser  Equipment 

The  turbine  generators  are  2500-kw.,  600- 
volt,  3-phase,  3600-r.p.m.  Two  turbines  will 
carry  the  existing  load,  while  the  third  unit  is 
used  for  a  spare.  Eventually  all  three  tur- 
bines will  be  equipped  with  stage  valves  and 
will  be  operated  condensing.  In  winter  the 
necessary  heating  steam  will  be  extracted  from 
thesecond  stage,  the  second  stage  valve  serving 
to  regulate  the  pressure  on  the  heating  steam, 


thus  controlling  the  amount  of  steam  passing 
into  the  condenser. 

The  extracted  heating  steam  pressure  will 
vary  from  atmospheric  to  5-lb.  gauge,  depend- 
ing on  the  weather  conditions.  Steam  is  con- 
veyed through  check  valves  to  the  common  36- 
in.  headers  in  the  subway  leading  to  the  manu- 
facturing buildings. 

The  third  unit  is  now  equipped  with  the 
necessary  condensing  apparatus.  The  con- 
denser, which  contains  6000  sq.  ft.  of  surface, 
is  rather  unusual  in  that  the  tubes  are  %-in. 
diameter  and  only  9  ft.  long.  This  makes  a 
very  short  but  large  diameter  condenser  shell 
which  gives  a  direct  flow  of  steam  and  min- 
imizes the  amount  of  ineffective  cooling 
surface.  The  results  so  far  obtained  are 
very  gratifying  and,  apparently,  justify  the 
design. 

Considerable  study  was  given  to  the  ques- 
tion of  obtaining  condensing  water.  Lake 
Erie  is  about  one  mile  from  the  works  and  the 
elevation  of  the  works  is  95  ft.  above  the  lake 
level.  To  pump  the  circulating  water  against 
such  a  head  was  found  uneconomical.  The 
other  alternative  was  to  construct  a  power 
plant  at  the  lake  side.  This  meant  carrying 
all  of  the  industrial  and  heating  steam  a  long 
distance,  which  entailed  a  large  investment 
and  considerable  loss  in  radiation. 

The  natural  location  for  a  power  plant, 
which  primarily  must  supply  industrial  and 
heating  steam,  was  at  the  center  of  the  works, 
in  practically  the  location  selected.  This 
necessitated  the  employment  of  a  spray  pond 
for  condensing  purposes. 

The  spray  pond  design  represents  a  new  de- 
parture, in  that  the  water  is  sprayed  by 
separate  pumps  and  the  circulating  pumps 
take,  their  supply  from  the  cold  water  tunnel 
and  force  it  through  the  condenser.  The  re- 
liability and  simplicity  of  a  spray  pond  does 
not  justify  a  spare  equipment.  We  will, 
therefore,  provide  only  two  spray  ponds,  each 
good  for  2500  kw.  With  the  flexibility  of 
pumping  arrangement,  as  provided,  three 
turbines  can  be  operated  from  the  two  ponds 
with  a  slight  sacrifice  in  the  vacuiom,  or 
three  turbines  may  be  operated  from  one 
spray  pond  in  case  of  an  emergency.  On 
the  other  hand,  two  ponds  may  be  used  for 
one  turbine  with  a  resulting  improvement  in 
the  vacuum. 

The  piping  to  and  from  the  spray  pond  is  so 
designed  that  in  winter  the  water  may  be  cir- 
culated across  the  pond  for  surface  cooling 
and  the  sprays  shut  down.  Thus,  it  will  be 
seen  that  any  combination  of  cooling  maj'  be 
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accomiilislK'<l  from  no  si)ra\'in);  to  full  s])ra\'- 
inj;  to  uuTl  llu'  wcallicr  foiulittons  witluml  re- 
gard to  tlu'  iiowcr  demand. 

When  the  load  requirements  exeeed  "lOOO 
k\v.,  a  lari;;e  jiower  tm"liine  of  some  (lOOO  k\v. 
can  be  installed  and  the  i)o\ver  house  can  eon- 


linuo  in  jjrowlh  by  adding  strictly  condensing 
units.  The  three  2.')()()-k\v.  turbines  will  be  re- 
tained for  by-i)roduet  licalinj^  in  winter  and  as 
a  si)are  to  liie  larj^er  units  in  summer.  The 
larger  turbines  will  be  wound  for  1 1,000  volts 
so  as  to  avoid  transformation  losses. 


Some  Sidelights  on  Construction  Work 

By  N.  L.  Rea 
Construction  Department,  General  Electric  Company 

Much  time  and  money  could  be  saved  if  the  good  advice  given  in  this  article  were  followed.  Each  case 
of  the  transportation  and  installation  of  machinery  presents  its  own  problems,  but  the  accumulated  experience 
set  forth  in  this  contribution  will  certainly  meet  some  phases  of  every  case. — Editor. 


One  of  the  first  considerations  in  undertaking 
a  water  power  installation  is  "transportation  " 
and  its  etTect  on  machine  design  and  shipment. 
"Transportation"  covers  all  "handling"  from 
the  time  the  parts  are  placed  on  the  cars  imtil 
they  are  under  the  power  house  crane.  The 
various  parts  of  this  transportation  varies,  of 
course,  with  every  installation  and  deserves 
careful  study  for  each  case. 

Railroad  clearances  are,  of  course,  fixed  for 
the  various  roads,  but  vary  somewhat  for  dif- 
ferent routes.  We  have  in  mmd  one  case 
where  it  was  possible  to  get  a  large  piece 
through  by  special  routing,  turning  the  car 
several  times  on  turntables,  and  taking  down 
a  couple  of  cattle  loading  chutes.  The  sa\-ing 
in  assembly  amply  warranted  the  extra  ex- 
pense involved.  The  "handling"  from  the 
time  the  cars  reach  the  nearest  railway  siding 
presents  ever  varying  problems. 

Sometimes  it  is  a  case  of  lighterage,  again 
hauling  over  poor  roads  lAath  the  question  of 
bridges  to  be  considered.  Speaking  of  bridges 
reminds  the  writer  that  it  is  not  always  ad- 
visable to  cross  the  bridges  when  you  come  to 
them. 

A  certain  power  house  is  reached  by  a  high- 
way bridge  about  two  hundred  feet  long  and 
twent}^  feet  above  the  bottom  of  a  shallow 
stream.  For  years  this  bridge  has  been 
strengthened  b}-  temporary  wooden  posts 
whenever  new  machines  were  delivered  to  the 
power  house. 

This  extra  work  usualh'  caused  cartage  to 
cost  from  $15  to  $20  per  ton.  On  a  recent  in- 
stallation a  rigger  surprised  us  with  a  bid  of 
$8.30  per  ton.  Furthermore,  he  got  away  with 
it  at  a  good  profit  to  himself.  He  assembled 
the  heavy  pieces  along  the  river  bank  near 
the  bridge  approach,  waited  a  couple  of  days 
till  the  river  dropped  after  a  rain  and  crossed 


above  the  bridge  on  a  skidway  supported  on 
the  rocks  and  temporary  cribs  made  of  rail- 
way ties. 

The  delivery  from  the  railw-ay  to  the  power 
house  is  sometimes  afTected  greatly  by  the 
various  seasons.  In  some  cases  the  material 
must  be  delivered  by  lighterage  before  the 
close  of  navigation.  In  tropical  climates  it 
may  be  necessar\'  to  haul  during  the  dry  sea- 
son as  the  roads  are  impassable  in  the  rains. 
Again,  in  some  places  hea\^^  pieces  can  only  be 
handled  over  the  ice  of  frozen  streams  and 
marshes. 

All  of  these  factors  as  well  as  the  limiting  size 
of  pieces  deserve  careful  consideration  early  in 
the  game  as  they  may  warrant  radical  changes 
in  the  design  and  methods  of  shipment. 

The  question  of  deliveries  during  certain 
seasons  may,  in  turn,  bring  up  the  question  of 
storage  until  such  time  as  the  power  house  is 
ready  to  receive  the  equipment.  If  temporary 
buildings  are  necessary,  they  should  be  cov- 
ered by  the  estimates  and  made  a  part  of  the 
contract.  Armature  windings  should  be  pro- 
tected from  freezing  b}"  some  safe  and  reliable 
heating  system.  An  electric  heater  with 
thermostatic  control  is  the  best  solution  of 
the  problem,  providing  of  course,  that  suffi- 
cient current  is  available. 

One  of  the  most  important  considerations 
and  one  that  deserves  more  thought  than  it 
usually  gets,  is  the  living  conditions  for  the 
men.  The  large  power  plants  are  usually  far 
from  the  cities,  and  the  large  gangs  of  men 
quickly  swamp  all  the  local  facilities.  The 
electrical  erectors  are  the  last  to  arrive  and 
find  poor  picking  in  most  cases. 

The  larger  jobs  last  an^-where  from  six 
months  to  a  year  or  more,  and  it  is  impossible 
to  get  good  service  from  men  living  in  the 
average  construction  camp  bunk  house. 
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Fig.  5.      Outdoor  Storage  Yard  for  Large  Gsnerator  Part; 


Fig.  6.     Tanking  Transformer  Core  with  Special  Lifting  Device 


Fig.  7.      Special  Eye  Bolt  for  Lifting  Complete  Rotor 


Fig.  8.      Handling  Armature  with  Cables  and  Special  Hooks 
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Tliis  question  slumlil  ho  siuiliod  carefully  as 
early  as  i)ossil)k'  ami  ])laiis  cimipk-led  heforu 
it  is  lime  lo  send  men.  The  earlier  llie  heller. 
In  fact,  some  (if  the  waterwheel  manufacturers 
are  thoujjhlful  enouj^h  lo  have  livinjj  quarters 
tor  their  erectors  covered  hy  their  contract. 

The  power  comiiany  usually  huild  cot- 
tages for  the  operating  crew  and  one  of  these 
ntay  be  obtained  if  the  request  is  filed  early. 
Failing  this,  a  temporary  shelter  of  some  sort 
may  be  the  solution  of  the  problem.  In  some 
cases  we  have  used  a  board  floor,  and  three- 
foot  side  walls,  topped  by  a  heavy  waterproof 
lent  and  fly.  The  ridge  pole  was  carried  by 
2  hy-4  uprights  which  were  a  part  of  the  side 
walls.  The  tents  had  a  three-foot  side  wall 
which  gave  nearly  six  foot  head  room  at  the 
eaves.  The  space  between  the  board  side 
walls  and  the  tent  roof  was  screened  and  the 
end  provided  with  a  screen  door.  The  side 
walls  can  be  furled  in  warm  weather.  A  small 
joker  stove  for  damp,  cold  days  is  a  great  ad- 
vantage. 

With  this  arrangement  a  12  by  14  tent 
should  be  used  for  even.'  pair  of  men  and  a 
large  tent  supplied  for  a  dining  room  and 
kitchen.  This  outfit  is  satisfactory  in  the 
southern  states  all  the  year  round,  but,  of 
course,  cannot  be  used  in  our  northern  winters. 
For  the  northern  states  or  Canada,  a  board 
structure  should  be  used. 

In  one  instance  we  bviilt  a  two-story  house 
30  ft.  by  90  ft.  of  matched  lumber  on  a  2-by-4 
frame.  This  was  covered  outside  by  two 
thicknesses  of  building  paper  and  lined  with 
beaver  board  on  the  studding.  The  lower 
floor  was  equipped  with  a  kitchen,  dining 
room,  dark  room,  wash  room  and  three 
shower  baths,  and  one  tub  with  a  hot  water 
tank  and  heater.  The  balance  of  the  space 
was  used  as  storage  for  tools,  supplies,  etc. 
The  second  floor  was  divided  into  sleeping 
rooms  and  several  sitting  rooms,  the  sitting 
rooms  being  equipped  with  coal  stoves.  This 
club  house  has  been  used  through  several 
winters  with  great  satisfaction.  In  fact,  our 
men  were  rather  proud  about  their  quarters 
when  compared  to  the  other  gangs,  with  a 
corresponding  increase  in  their  morale. 

The  next  questions  are  those  of  assembly 
and  erection  which  are,  of  course,  in  tiu-n  in- 
fluenced by  local  conditions. 

Crane  data  should  be  obtained  from  the 
customer  as  follows: 

Xtimber  and  capacity  of  cranes. 

Ho.v  operated,  i.e.,  hand  or  electric. 

Number  of  hooks  per  crane  and  capacity 
of  each  hook. 

Dimensioned  sketches  of  crane  hooks. 


.Maximum  height  of  hooks  above  the  top  of 

the  generator  foundation. 

nisiance  from  the  (jutside  edge  of  the  crane 
wheels  to  the  center  line  of  crane. 

With  the  above  informalif)n  at  hand  proper 
slings  can  be  ordered  and  a  lifting  device  de- 
signed, if  necessary.  In  a  few  cases  the  large 
size  of  the  generators  or  lack  of  head  uxrtn 
has  made  advisaV)le  a  structural  steel  lifting 
device  for  use  with  two  cranes. 

An  eye  bolt  is  usually  necessary  for  handling 
the  field  and  shaft  on  vertical  generators.  It 
is  our  opinion  that  this  bolt  should  be  strong 
enough  to  lift  the  total  revolving  weight,  in- 
cluding the  wheel  shaft  and  runner.  Sooner 
or  later  some  ])ower  house  employee  will  use 
the  eye  bolt  for  this  purpose  when  changing 
bearings  or  working  on  the  wheel  and  the  addi- 
tional cost  of  the  heavier  bolt  is  cheaper  insur- 
ance. If  the  machine  has  a  solid  rotor  hub, 
some  jacking  equipment  will  be  necessary 
and  in  many  cases  we  have  designed  the  eye 
bolt  to  serve  as  a  strong  back  as  well. 

The  jacks  must,  of  course,  be  ordered  or  ob- 
tained locally.  This  point  should  be  de- 
termined in  advance  of  starting  the  erection. 

The  question  of  aligning  and  leveling  the 
generators  must  also  be  carefully  planned  and 
any  special  equipment  ordered. 

Small  machines  are  comparatively  easy  to 
erect  and  a  thickness  gauge,  plumb  bob, 
straight  edge  and  a  good  spirit  level  are  about 
all  the  special  equipment  necessar\-.  The 
larger  machines  are  often  beyond  the  range  of 
any  practicable  straight  edge.  These  may 
necessitate  a  special  tram  swung  on  the  tur- 
bine shaft  for  centering  and  leveling.  This 
leveling  is,  of  course,  checked  with  a  special  Y 
level  and  target  which  will  give  results  inside 
ten  mils  on  diameters  up  to  40  feet. 

It  is  ad\-isable  to  have  this  work  checked  by 
the  resident  engineer,  the  waterwheel  erector 
and  the  generator  erector  before  grouting, 
and  to  have  all  three  sign  a  statement  of  the 
facts  in  triplicate,  each  retaining  a  copy  for 
record.      Something   like   the   following   will 

ser\-e:    '"We,  the  undersigned,  have  this 

day  of 19.  .checked  the  setting  of  Unit 

No in  the  Power  House  of Com- 
pany, at with  the  following  resvdts : 

This  unit  is  on  the  center  line  of  the  genera- 
tors within thousandths  of  an  inch. 

On  its  own  center  line  within thou- 
sandths. 

Is   at   the   proper   elevation   within 

thousands. 

Is  level  within thousandths. 

Is  central  with  the  waterwheel  within 

thousandths. 
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These  three  independent  checks  not  only 
prove  the  alignment  before  the  base  is 
grouted,  but  prevent  any  future  discussion  in 
case  of  trouble  developing  during  operation. 
It  is  very  important  that  the  wheel  erector, 
generator  erector  and  resident  engineer  co- 
operate to  the  fullest  extent.  The  station 
cranes  are  usually  the  limiting  feature  in  the 
erection  and  work  should  be  scheduled  so  that 
there  will  be  as  little  conflict  as  possible. 
Each  party  should  know  just  when  he  will 
have  the  crane  and  plan  his  work  accordingly. 
It  is  sometimes  necessary  for  someone  in 
authority  to  take  a  decided  stand  and  force  a 
showdown  on  the  crane  service.  Far  too  of- 
ten one  erector  will  deliberately  tie  up  a  crane 
for  hours  to  delay  the  other  work.  Sometimes 
this  is  to  cover  up  his  shortcomings  when  his 


in  view  and  also  to  take  advantage  of  any 
holdups  on  the  generator  erection  by  trans- 
ferring men. 

There  are  always  delays  on  parts  of  the 
work  caused  by  belated  building  construction, 
the  erection  of  the  waterwheels,  building  of 
switch  cells,  bus  compartments,  delays  in 
shipment,  or  in  transit,  etc.  Turning  these 
to  advantage  by  the  proper  shifting  of  men  is 
one  of  the  best  ways  of  cutting  erection  costs. 
Each  part  of  the  work  should  be  completed, 
if  possible,  and  left  ready  to  put  in  service. 
Far  too  many  erectors  leave  a  lot  of  minor  ad- 
justments to  the  last  minute  only  to  find  that 
the  men  have  forgotten  just  where  they  left 
off  and  that  the  resulting  confusion  increases 
cost,  delays  the  starting  and  creates  a  very  bad 
impression  with  the  customer. 


end  of  the  work  is  behind,  or  it  may  be  just 
general  cussedness. 

The  actual  details  of  the  erection  must,  of 
course,  be  decided  to  suit  local  conditions  and 
the  particular  design  of  the  wheels  and  genera- 
tors. If  the  machines  are  shipped  without 
punchings,  core  assembly  tools  will  be  neces- 
sary. If  without  windings  an  oven  for  heating 
coils  must  be  built. 

If  the  armature  is  shipped  wound,  but  in 
sections,  direct  current  must  be  provided  for 
warming  the  joint  coils  when  making  up  the 
split.  Sometimes  it  is  necessary  to  heat  the 
individual  coils  with  current  before  placing 
in  the  slot.  This  current  requirement  some- 
times nms  up  to  fifteen  hundred  or  two  thou- 
sand amperes  which  usually  means  an  elec- 
trolytic generator  and  a  motor  or  engine  to 
drive  it.  In  some  cases  the  exciter  sets  will  be 
of  sufficient  size  and  arrangements  can  usually 
be  made  for  using  one  of  them. 

The  switchboard,  exciter  and  transformer 
work  can  usually  be  easily  handled  in  the 
time  required  for  the  main  generator  erection. 
This  work  should  be  planned  with  this  end 


The  best  erectors  have  the  loose  ends  tied 
up  at  all  times  and  keep  ahead  of  the  other 
contractors. 

The  oiling  system  for  the  generators  should 
be  installed  very  carefully.  Everj^  length  of 
pipe  should  be  reamed  at  the  ends  and  blown 
out  with  compressed  air  or  steam  before  being 
connected  up.  It  is  advisable  to  rap  the  pipe 
smartly  with  a  rawhide  or  wooden  mallet 
while  blowing  out  to  dislodge  any  scale  or 
chips. 

Oil  proof  paint  or  pipe  compound  should  be 
used  on  all  joints  and  the  complete  piping 
flushed  with  oil  or  kerosene  before  it  is  ready 
for  service.  If  the  station  has  a  circulating  oil 
system  the  oil  should  be  pumped  through  the 
piping  and  back  through  the  filter  several 
times  as  a  further  safeguard  against  abrasives 
getting  in  the  bearings. 

Too  much  care  cannot  be  used  during 
erecting  and  starting  to  prevent  accidental 
or  malicious  damage  to  the  apparatus.  The 
machines  should  be  examined  very  carefully 
just  before  starting  until  they  are  turned  over 
to  the  regular  operating  force  and  all  general 
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conslnu'lion  woik  is  liiiistu'd.  TIilti.'  is 
always  the  chance  of  bolls,  mils  or  small  lools 
being  left  where  the  vibration,  windage  or 
magnetic  ])ull  will  draw  them  into  the  air 
gap.  Malicious  mischief  is  all  too  common 
and  sonae  warped  mentalities  take  deligiit 
in  causing  damage.  In  times  past  we  have 
found  railroad  spikes,  or  ])ieccs  of  scrap  iron 
placed  on  the  air  baflle  plates  between  the 
poles  of  vertical  generators.  Machine  screws 
or  spikes  have  been  driven  into  the  air  ducts 
so  as  to  ground  the  winding  to  the  core. 
Large  tacks  have  been  placed  in  the  bottom 
of  a  slot  while  the  winders  were  at  lunch. 
In  fact,  nearly  every  kind  of  scheme  that 
would  cause  delay  or  damage  has  been  tried 
sometime  or  other.  It  is,  therefore,  advisable 
to  qmetly,  but  firmly  discourage  close 
inspection  by  all  persons  not  directl}'  con- 
nected with  the  work.  The  storage  of  lunch 
baskets,  coats,  hats,  etc.,  on  top  of  oil  switch 
pots  or  in  the  bus  structure,  by  laborers, 
during  erection,  should  be  discouraged  as  it  is 
liable  to  be  continued  after  the  plant  is  started 
with  surprising,  if  not  disastrous,  results. 

The  amount  of  drying  required  will  vary 
inversely  with  the  protection  given  the 
apparatus  during  erection.  The  expense  of 
temporary  shelters  over  the  generators  and 
exciters  will  often  be  saved  several  times  over 
when  drying  and  starting  and  time  is  very 
valuable  when  starting  up. 

The  subject  of  drying  is  too  broad  for 
treatment  in  a  short  article;  however,  it 
may  be  noted  that  local  facilities  will  deter- 
mine the  best  scheme  and  it  is  always  wise 
to  play  safe.  It  is  better  to  dry-  a  day  or  two 
longer  rather  than  take  a  chance  and  burn 
out  an  armature.  Of  course,  the  operating 
department  will  usually  bring  all  sorts  of 
pressure  to  bear  as  long  as  they  get  the  credit 
for  an  early  start  and  someone  else  will  be 
the  "goat"  if  there  is  trouble. 

Perhaps  we  are  over  cautious,  but  that  is 
a  good  fault,  in  insisting  that  the  resistance 
of  an  alternator  shall  be  higher  than  the  limit 
given  by  the  following  empirical  formula: 

.„     .  .  ,  3  X  rated  voltage 

Resistance  m  megohms  =  — ^ -. 

^  Kw.  ratmg. 

This  is  somewhat  higher  than  the  value 
given  by  the  A.  I.  E.  E.  rules,  but  the  formula 
is  an  easy  one  to  remember  and  we  have  never 
had  any  trouble  from  using  it. 

After  the  drying  out  is  completed,  the 
machines  should  be  phased  out,  the  syn- 
chronizer and  meter  connections  checked  and 
any  necessary  changes  or  adjustments  made 
before  the  equipment  is  turned  over  to  the 
operating    force.      This    transfer    should    be 


carried  out  with  enough  formality  so  that 
there  can  be  no  ciuestion  as  to  the  time  of 
transfer  or  of  the  oi)erating  condition  of  the 
eciuii)ment  as  turned  over.  We  have  known 
of  bearing  failures  due  to  failure  of  the  oil 
su])ply,  when  there  were  several  men  who 
were  all  supposed  to  be  watching  the  unit, 
everyone  of  them  assiuning  that  some  of  the 
others  were  looking  after  things. 

Personal  responsibility  is  a  great  incentive 
to  good,  careful  work  in  operating,  as  every- 
where else,  and  all  chance  of  starting  the  old 
game  of  "passing  the  buck."  should  be 
avoided. 

The  last  act  of  a  successful  installation  is 
the  disposal  of  scrap,  excess  material  and  the 
odds  and  ends  that  always  accumulate. 

Of  course,  excelsior,  packing  cases  and  skids 
should  be  looked  after  as  fast  as  they  are 
emptied  to  keep  down  the  fire  risk. 

It  is  usually  advisable  to  burn  the  excelsior 
promptly,  as  this  has  little  value  and  is  very 
inflammable.  Small  boxes  can  usually  be 
sold  for  packing  or  firewood.  Large  skids 
can  be  dismantled  for  the  blocking  that  is 
always  at  a  premium  during  erection  or  sold 
to  local  contractors  for  blocking  or  as  fire- 
wood. The  parts  of  very  large  machines  may 
be  shipped  on  special  cars  which  are  returned 
to  the  factory  for  further  shipments.  In  this 
case  the  skids  should,  if  possible,  be  returned. 
It  is  always  advisable  to  ask  advice  of  the 
factory  before  disposing  of  any  of  the  large 
skids  as  they  are  expensive  and  often  can  be 
used  to  advantage. 

During  erection  all  scrap  should  be  saved 
for  disposal  at  the  completion  of  the  work. 
The  value  of  the  odds  and  ends  of  scrap  cable 
and  wire  may  run  into  several  hundreds  of 
dollars  and  will  all  disappear  unless  a  careftd 
watch  is  kept. 

Short  lengths  of  cable,  spare  armature 
coils,  insulation,  tape,  insulators  and  floor 
tubes  can  usually  be  sold  advantageously  to 
the  customer  for  his  stock  room.  The  office 
will  always  co-operate  in  this  by  granting 
an  attractive  price. 

Any  tests  necessary^  for  acceptance  will,  of 
coirrse,  be  covered  by  the  contract  and  all 
details  determined  by  a  conference  with  the 
customer's  engineers. 

These  may  vary  all  the  way^  from  taking  a 
saturation  curve  to  complete  efficiency  tests 
and  oscillograph  records  under  short  circmt 
conditions. 

On  completion  of  the  tests  the  eqiiipment 
should  be  turned  over  to  the  customer  and 
a  "Construction  Foreman's  Release"  pre- 
sented for  signature  to  the  proper  individual 
in  the  organization. 
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The  Electrical  Layout  of  Large  Power  Systems 

By  Robert  Treat 
Power  and  Mining  Engineering  Department,  General  Electric  Company 

The  use  of  power  is  becoming  an  increasingly  important  factor  in  our  daily  lives.  Many  industries  are 
totally  dependent  for  their  very  existence  upon  a  supply  of  energy.  Electric  energy  has  proved  to  be  superior 
to  any  other  form  of  energy  as  a  means  of  transmitting  power  from  the  point  of  generation  to  the  place  of 
use.  Our  whole  social  and  industrial  existence  is  vitally  concerned  in  the  power  supply  being  continuous,  a 
characteristic  which  has  not  heretofore  been  realized  with  a  full  measure  of  success.  The  author  discusses 
means  for  insuring  continuity  of  service,  with  comments  on  the  investment  in  protective  apparatus  and  spare 
equipment  which  may  be  justified  under  varying  conditions.  A  typical  transmission  network  is  described, 
and  the  application  to  this  system  of  the  principles  of  selective  relaying  is  taken  up  in  detail. — Editor. 


The  sum  total  of  human  happiness  is  prob- 
ably greater  than  it  would  be  if  we  could  see 
into  the  future.  Notwithstanding  this,  there 
are  certain  lines  of  endeavor  which  would  ap- 
parently benefit  from  a  dependable  power  of 
prophecy.  One  of  these  is  the  industry  of 
electric  power  supply.  Unable  to  foresee 
clearly  the  trend  of  future  developments,  the 
present  day  power  systems  have,  like  Topsy, 
"just  growed"  from  small  stations  with  local 
distribution  areas.  Few  companies  have  been 
without  extensive  plans  for  expansion  and 
development;  few  have  been  able  continu- 
ously and  consistently  to  follow  the  same  plans 
for  any  considerable  period.  Confronted  by 
continually  augmented  and  shifting  demands 
for  power  on  the  one  hand,  and,  on  the  other 
by  frequent  inventions  or  im.provements  in 
the  art  of  generating  and  transmitting  power, 
the  electric  supply  companies  have  been  forced 
to  become  opportunists;  to  discharge  first  the 
most  pressing  obligation,  and  rejoice  if  they 
were  able  to  keep  ahead  of  their  demands. 
Thus,  the  present  physical  layouts  of  many 
systems  may  not  be  ideal  for  conditions  as 
they  now  exist,  but  they  represent  unamor- 
tized investment,  and,  as  such,  must  be  used 
to  the  best  advantage. 

These  power  systems,  developed  from  small 
plants  located  sometimes  hundreds  of  miles 
apart,  have  expanded  until  now  many  have 
been  combined  into  larger  systems,  while  both 
those  that  remain  as  individual  units  and 
the  larger  combinations  are  serving  territory 
more  or  less  contiguous  and  overlapping. 
There  is  today,  for  very  good  reasons,  a  strong 
tendency  toward  interconnection  of  these 
systems.  Here  another  set  of  problems  is  pre- 
sented. Not  only  have  these  individual  sys- 
tems grown  up  with  no  very  distinct  picture 
of  their  own  ultim„ate  future  in  mind,  but 
they  have  had  even  less  idea  of  ever  intercon- 
necting with  neighboring  systems.  Where 
the  lines  are  of  different  voltage,  and  perhaps 
frequency,  the  interconnection  necessitates 
the  interposition  of  transformers  or  frequency 


converters  or  both,  with  the  added  invest- 
ment, losses  and  troubles  incident  thereto. 

There  is  now  much  discussion  of  Secretary 
Lane's  proposal  for  a  super-power  line  from 
Boston  to  Washington,  taking  power  from 
large  mine  mouth  and  tidewater  steam  sta- 
tions, and  numerous  hydro  plants,  and  supply- 
ing it  to  the  large  cities  and  industrial  centers. 
Undoubtedly  some  such  system  will  be  in 
operation  in  a  relatively  short  time,  though 
what  form  it  will  take  and  by  what  means 
accomplished  are  not  now  self-evident.  Such 
a  project  introduces  complex  problems  for 
which  solutions  must  be  found.  Before  any 
of  our  present  or  future  systems  can  sup- 
ply ideal  service  at  a  reasonable  cost,  many 
problems  must  be  solved  and  many  difficulties 
avoided.  Whether  or  not  we  have  yet  reached 
a  stage  of  development  in  the  electrical  art 
where  the  demands  of  the  furute  can  be  fore- 
seen more  clearly  than  has  been  possible  in 
the  past,  there  is  no  reason  for  withholding 
a  strong  plea  that  operating  companies  take 
notice  of  what  is  going  on  around  them;  that 
they  formulate  their  policies  for  caring  for 
future  business  not  only  with  due  regard  to 
the  demands  of  their  own  present  territory, 
but  that  thej'  carefully  analyze  the  effect  of 
probable  future  interconnections  with  nearby 
systems  on  their  own  development. 

Whether  one  agrees,  with  a  certain  portion 
of  the  public,  that  the  function  of  a  power 
company  is  to  supply  power  at  a  reasonable 
rate,  arbitrarily  fixed  by  a  Public  Service 
Commission,  or  whether  one  believes  with 
the  operators  and  owners  of  the  companies, 
that  the  primary  purpose  is  to  earn  a  profit 
on  the  investment  represented,  the  essential 
fact  remains  that  the  business  of  a  power  com- 
pany is  the  generation,  distribution  and  sale 
of  electric  power.  Due  to  the  pecular  inherent 
characteristics  of  this  form  of  energy,  its  mer- 
chandising is-circum.scribed  by  numerous  con- 
ditions not  associated  with  other  commercial 
transactions.  Lacking  economical  and  ade- 
quate means  of  storage,  the  first  requisite  is 
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that  its  ili'liN'orv  to  llu'  cinisuiinT  sliall  l)c 
coiitimious  and  aiic(|ualt'  to  his  need.  It 
shinihl  ho  (li'hvc'R'd  by  such  iiK-ans  as  to 
prevent,  in  so  far  as  possible,  abnonnal  condi- 
tions orij^inatinj;  on  the  Hnes  of  the  power 
company  to  injure  the  customer's  a])paratus. 
Tlie  potential  and  frequency  must  be  main- 
tained within  commercial  limits;  and  the  shai)e 
of  the  voltage  wave  must  conform  to  a  certain 
standard.  These  requirements  may  be  sum- 
marized as  follows: 

(1)  Reliability  of  supply. 

(2)  Avoidance  of  abnormal  conditions  on 

power  companies  lines  which  injure 
customer's  apparatus. 

(3)  Constancy  of  potential  and  frequency. 

(4)  Conformity  of  wave  form  to  a  certain 

standard. 

These  conditions,  particularly  the  first 
three,  are  so  interrelated  as  to  make  difficult 
a  consideration  of  any  one  without  also  taking 
cognizance  of  the  others.  For  example,  an 
important  load  may  be  carried  over  duplicate 
feeders-,  the  primary  purpose  of  which  is 
to  insure  continuous  service;  the  voltage 
regulation  over  both  lines  may  be  accept- 
able, while  wdth  one  line  out  of  ser\-ice  it 
may  not  be.  Generally  a  disturbance  on 
the  power  system  of  sufficient  magnitude  to 
injure  a  customer's  apparatus  will  also  inter- 
rupt his  power  supply;  but  it  is  a  matter  of 
little  interest  to  the  customer  whether  or  not 
the  power  company  temporarily  loses  its  line, 
if  his  own  transformer  is  broken  down.  His 
plant  has  been  shut  down  and  from  a  cause 
of  which  he  believes  himself  innocent.  The 
first  requirement  mentioned,  that  is,  contin- 
uous sen-ice,  is  usually  the  most  difficult  to 
meet. 

Reliability  of  supply  presupposes  adequate 
generator,  transformer  and  line  capacity. 
Barring  such  emergencies  as  war,  and  its 
abnormal  demands  for  powder,  a  reasonable 
alertness  on  the  part  of  operating  managers 
should  find  little  difficulty  in  meeting  this 
condition.  It  is  lightning,  storms,  sleet  and 
other  manifestations  commonly  attributed  to 
the  Almighty,  which  cause  the  larger  number 
of  interruptions  to  service,  and  the  most 
worry  to  the  operator.  Insulator  failures, 
wire  breakage,  and  acts  of  willful  destruction 
have  added  their  quota  of  troubles. 

When  planning  the  layout  of  a  large  system 
or  subsequent  changes  thereto,  one  funda- 
mental principle  should  be  kept  constantly 
in  mind — the  greatest  good  to  the  greatest 
number.      Certain    portions    of    the    system. 


tiubracing  the  ])rincii)al  generating  stations 
and  sulistations  and  the  lines  between  them, 
mav  be  regarded  as  of  ))rimary  importance, 
all  other  lines  and  statifjns  being  secondary. 
The  ruling  motive  should  be  to  keej)  the 
])rimary  portion  of  the  system  in  operation  at 
all  times.  It  is,  of  course,  very  desirable  to 
keep  all  the  secondary  circuits  in  continuous 
ojjeration  as  well.  Indeed,  certain  oiK-rators 
have  been  under  the  impression  that  equal 
sen'icc  could  be  maintained  over  the  entire 
system.  But  the  essential  point  is  that  the 
attempt  to  maintain  continuous  operation 
of  all  secondary  circuits  must  never  jeopardize 
the  safely  of  the  primary  circuits.  The  anal- 
ogy of  the  railway  system  is  not  inopportune. 
Between  certain  points,  the  primary  generat- 
ing stations  and  substations,  express  service 
is  maintained.  There  may  be  local  stations 
between  these  points,  and  there  may  be  local 
branch  lines  radiating  from  the  main  stations, 
or,  indeed,  connecting  them.  But  this  local 
service,  while  possessing  in  itself  a  certain 
degree  of  importance,  must  never  interfere 
with  the  express  ser\'ice,  and  should  always 
be  subordinated  thereto. 

The  second  fundamental  principle  is  that 
any  portion  of  the  system  which  is  in  trouble 
should  be  disconnected  as  soon  as  possible. 
In  a  case  of  necessity  it  may  be  permissible 
to  operate  a  low  or  moderate  voltage  line 
whose  neutral  is  isolated  with  one  wire  par- 
tially or  completely  grounded.  When  such  a 
line  constitutes  the  only  source  of  supply  to  a 
substation  or  customer,  such  operation  may 
seem  necessary  in  order  to  avoid  a  protracted 
interruption.  However,  there  are  some  who 
incline  to  the  opinion  that  the  avoidance  of 
an  interruption  by  this  means  is  only  a  post- 
ponement of  the  day  of  retribution,  and 
may  in  the  end  be  more  injurious  to  the 
service  than  if  the  trouble  were  promptly 
remedied.  Such  a  condition,  however,  will 
exist  only  on  the  secondary  circuits.  It  is  not 
considered  good  practice,  even  where  possible, 
to  permit  a  ground  to  remain  on  the  primary 
circuits ;  the  danger  from  the  abnormal  voltage 
strain  on  the  ungrounded  wires  is  too  real  and 
its  possibilities  for  damage  too  great. 

The  maintenance  of  express  ser^'ice  between 
primary  points  necessitates  the  use  of  at  least 
two  circuits.  In  some  cases  it  has  been  thought 
advisable  not  only  to  provide  two  circuits,  but 
to  support  them  on  two  sets  of  towers  over 
different  rights  of  w-ay,  in  order  to  minimize 
the  chance  of  an  interruption  to  both  lines 
from  the  same  cause.  Frequently  it  is  desir- 
able to  maintain  two  circuits  to  certain  points 
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in  the  secondary  system,  as  for  instance,  a 
large  and  important  customer.  vSometimes 
this  may  be  done  for  commercial  policy,  or 
because  the  details  of  certain  industrial  pro- 
cesses are  such  that  a  few  moments  interrup- 
tion w  ill  cause  losses  out  of  proportion  to  the 
actual  duration  of  delay.  In  such  a  case  it 
may  be  possible  to  secure  such  a  rate  for  the 
power  as  to  carry  the  extra  investment  neces- 
sitated by  the  additional  line.  In  other  cases 
it  is  possible  partially  to  justify  the  second 
line  by  evaluating  the  probable  loss  in  revenue 
from  interruptions  which  might  be  eliminated 
by  using  two  lines  and  from  the  reduction  in 
line  losses. 

Some  customers  may  desire  service  over 
a  line  entirely  distinct  from  the  rest  of  the 
system,  even  when  the  tapping  of  an  existing 
line  is  quite  feasible,  in  order  to  be  entirely 
independent  as  to  voltage  regulation  and  in- 
terruptions. If  such  a  course  involves  much 
additional  expenditure,  it  should  be  analyzed 
very  carefully,  for  it  m.ay  be  that  the  voltage 
variation  is  less  and  the  service  just  as  good 
or  better,  when  taking  power  from  the  system 
as  when  using  a  separate  line  to  the  generating 
station. 

There  has  in  the  past  been  some  uncer- 
tainty in  opinion  as  to  the  value  of  a  solidly 
grounded  neutral  as  a  means  of  alleviating 
transmission  line  troubles.  Entirely  aside 
from  any  theoretical  considerations,  it  is  the 
experience  of  a  number  of  power  companies 
operating  high  voltage  systems  which  extend 
over  wide  areas,  that  the  troubles  experienced 
with  an  isolated  system  decrease  after  solidly 
grounding  the  neutral.  A  number  of  such 
systems  have  operated  under  both  conditions, 
first  isolated,  and  later  grounded,  and  it  is 
noted  that  none  have  cared  to  return  to  the 
former  condition.*  A  fault  on  a  system 
having  the  neutral  grounded  causes  a  com- 
paratively large  current  to  flow,  whose  mag- 
nitude can  be  readily  predicted,  within  rea- 
sonable limits,  from  a  knowledge  of  the  react- 
ance of  lines  and  transformers  and  of  the 
characteristics  of  the  synchronous  apparatus 
which  m.ay  be  connected.  This  is  of  consider- 
able value  in  relaying  the  system. 

Considerable  progress  has  recently  been 
made  in  the  design  of  accurate  and  dependable 
relays,  as  well  as  in  the  nrunber  of  forms  and 
variety  of  their  application.  With  the  modern 
induction  type  time  limit  overload  relay,  the 

*  The  relative  merits  of  each  method  of  operating  are  dis- 
cussed by  Mr.  W.  W.  Lewis  in  his  article,  "High  Voltage  Power 
Transmission  Problems,"  see  page    927of  this  issue. 

t  A  description  of  this  system  is  given  in  "The  Alabama  Power 
Company's  System.  Its  Development  and  Operation."  by  Messrs. 
Oliver.  Nikiforoff  and  McManus,  page  980  of  this  issue. 


directional  relay,  and  the  balanced  current 
relay,  it  is  possible  to  work  out  many  schemies 
and  combinations  which  a  few  years  ago  were 
beyond  the  realm  of  practicability.  This 
improvement,  taken  in  conjunction  with  the 
possibility  of  predicting  with  considerable 
accuracy  the  current  which  will  be  caused  by 
a  fault  on  the  system,  makes  possible  the 
application  of  intricate  and  complex  relaying 
schemes,  which,  however,  when  properly  worked 
out,  are  quite  dependable.  By  undertaking 
a  comprehensive  and  exhaustive  study  of 
short  circuit  possibilities  in  all  parts  of  the 
system  under  all  probable  operating  conditions, 
and  in  conjunction  therewith  the  use  after 
careful  examination  of  available  tj-pes  of 
relays  best  fitted  for  the  service,  the  Alabama 
Power  Company!  has  been  enabled  materially 
to  reduce  the  number  and  duration  of  its 
interruptions.  More  and  more  companies  are 
coming  to  recognize  that  inoney  spent  for 
relays  and  in  a  very  careful  study  and  analysis 
of  their  application  is  an  excellent  investment. 

A  very  important  factor  in  the  problem  of 
maintaining  uninterrupted  service  has  been  the 
unexpectedlj' high  depreciation  which  has  been 
manifested  in  the  suspension  and  strain  type 
line  insulators.  This  proved  to  be  the  cause 
of  very  serious  worry  to  operators  until  the 
practice  of  regular  periodic  testing  and  renewal 
of  insulators,  expensive  though  it  was,  became 
generally  adopted,  and  in  a  measure  served  to 
alleviate  the  conditions.  The  seriousness  of 
the  situation  has  stimulated  extensive  research 
in  the  whole  problem  of  insulator  design  and 
manufacture,  with  the  result,  happily,  that  we 
now  seem  to  be  on  the  way  toward  a  solution. 
It  is  quite  probable,  therefore,  that  one  of  the 
most  fertile  sources  of  service  interruptions 
may  shortly  be  under  control. 

Considerable  attention  is  likewise  being 
given  to  the  development  of  extra  high  speed 
lightning  arresters  in  order  to  remove  surges 
of  lightning  frequency  from  the  line  before  a 
flashover  or  puncture  of  the  insulators  and 
apparatus  bushings  occurs.  Unfortunately, 
however,  due  to  the  very  steep  wave  fronts  of 
such  disturbances  a  lightning  arrester  at  the 
end  of  a  line,  while  it  may  afi'ord  complete 
protection  to  the  apparatus  in  the  station,  is 
of  relatively  little  value  as  a  safeguard  to  line 
insulators  some  distance  awav.  To  alleviate 
the  effects  of  line  insulator  flashovers,  which 
on  an  isolated  system  may  set  up  disturbances 
which  injure  other  insulators,  and  in  a  grounded 
system  usuall^^  trip  the  line  out  of  service, 
various  devices  such  as  arcing  ground  sup- 
pressors and  short   circuit   suppressors  have 
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been  tiii'il  wiili  more  or  less  success.  There 
is  eontimial  i)ro};ress  toward  a  state  where 
such  causes  of  interruptions  to  service  as 
cannot  be  ehniinateii  are  reckteed  to  eonipara- 
tive  impotence. 

The  electrical  la>oul  of  a  new  Reneratinj; 
station  or  substation  alwa\s  brin};s  u[)  ques- 
tions of  polic\'  with  rcf^ard  to  the  arranj^ement. 
Shall  double  or  sinj^le  busses  be  installed,  or 
some  combination?  Shall  selector  oil  circuit 
breakers,  or  disconnectinj^  switches  be  used? 
What  method  of  excitation  shall  be  employed? 

The  answers  to  these  questions  may  be 
found  in  considering  whether  the  station  is 
of  vital  importance  to  the  system;  that  is, 
whether  it  is  a  primary  or  secondary-  station. 
If  it  be  a  part  of  the  primary  circuit,  no  pains 
compatible  with  a  reasonable  expense  should 
be  spared  to  prevent  an  accident  to  the  switch 
gear  from  interrupting  the  operation  of  the 
station.  Usually  the  switch  gear,  busses, 
connections  and  supports  constitute  but  a 
small  part  of  the  total  expense  of  the  develop- 
ment, and  the  difference  in  cost  between  the 
simplest  and  the  most  elaborate  switching 
schemes  represents  only  a  few  per  cent  of  the 
total  station  cost.  It  cannot,  therefore,  be 
called  good  engineering  to  jeopardize  the  out- 
put of  the  entire  station  for  a  relatively  small 
item  of  cost.  While  an  oil  circuit  breaker 
of  high  rvipturing  capacity,  whether  for  a  high 
or  low  voltage  circuit,  is,  by  itself,  somewhat 
expensive,  its  cost  is  a  small  proportion  of 
that  of  the  generator  or  transmission  line 
which  it  protects.  The  advantage  of  having 
an  extra  circuit  breaker,  for  purposes  of 
inspection,  cleaning,  and  as  a  spare  in  case 
of  emergency,  is  fully  worth  the  slight  addi- 
tional expense.  In  a  similar  manner,  the  use 
of  a  double  bus,  or  some  arrangement  whereby 
a  large  capacity  circuit  is  not  incapacitated  by 
a  failure  of  any  one  bus  insulator,  is  justified. 
It  is  also  desirable  to  be  able  to  remove  a 
section  of  bus  occasionally  for  purposes  of 
cleaning  without  any  impairment  to  ser\-ice. 

The  excitation  system  is  also  a  relatively 
minor  item  in  the  total  station  cost,  and  it 
does  not  pay  to  take  chances  with  it.  A 
scheme  w^hich  is  rather  popular  is  the  use  of 
direct  connected  exciters,  with  a  spare  motor 
driven  set.  If  the  units  are  of  large  size,  it  is 
customary  to  use  a  separate  voltage  regulator 
with  each  unit;  a  separate  regulator  may  or 
may  not  be  used  for  the  spare  exciter  accord- 
ing to  whether  there  are  few  or  many  machines 
in  the  station.  When  the  units  are  quite  low- 
speed,  there  is  some  tendency  toward  the  use 
of  motor  or  w-ater  w^heel  driven  exciters.     If 


the  units  are  of  large  size,  individual  exciters 
are  more  usual  than  a  common  exciter  bus, 
in  which  case  they  will  be  m<jtor  driven  since 
it  is  manifestly  impractical  to  install  for  each 
generator  a  separate  exciter  wheel.  The  ques- 
tion of  a  proper  source  of  power  supply  for 
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Fig.  1.     One  Proposed  Arrangement  of  Switching  Apparatus 

for  Generating  Station  of  Four  (Ultimately  Fifteen)  Units, 

Using   the   Ring   Bus   and   Reactors  Between   Bach 

Machine  and  Bus  to  Limit  Short  Circuit  Currents 

the  motors  must  then  be  decided.  In  some 
stations  as,  for  example,  the  plant  of  the 
Mississippi  River  Pow-er  Company  at  Keoktik 
use  is  made  of  two  separate  a-c.  generators, 
each  with  direct  connected  exciter,  and  each 
large  enough  to  drive  the  entire  exciter  plant. 
A  cheaper  and  less  reliable  method  is  to  make 
the  station  sen'ice  transformers  large  enough 
to  drive  the  exciter  plant.  If  this  course  is 
adopted  the  question  of  starting  up  the  station 
after  a  complete  shutdown  is  presented.  For 
this  purpose,  two  of  the  main  generators  ma}' 
be  equipped  with  direct  connected  exciters, 
and  these  need  be  only  of  sufficient  capacity 
to  excite  the  generators  to  partial  voltage  at 
no  load.  Some  hazard,  though  not  ver\-  great, 
would  be  introduced  by  thus  equipping  only 
one  generator,  since  this  machine  might  be 
down  at  the  time  of  a  complete  interruption. 

If  the  station  is  supplying  a  system  which 
will  probably  remain  in  operation  independ- 
ently, some,  though  not  complete,  reliance 
may  be  placed  in  this  means  of  starting  up 
the  exciter  plant.  In  such  a  case  it  would  be 
desirable  as  an  additional  precaution  to  make 
the  station  storage  batten,-  of  sufficient  capac- 
itj'  to  excite  one  generator  to  nearly  normal 
no  load  voltage  for  five  or  ten  minutes,  until 
an  exciter  set  can  be  started. 

Opportunity  has  recently  been  afforded  to 
study  the  preliminary-  plans  for  the  develop- 
ment of  a  large  hydroelectric  project.     This 
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scheme  contemplates  an  ultimate  installation 
of  fifteen  20,000-kw.,  12,n00-volt  generators, 
four  of  which  are  included  in  the  first  instal- 
lation. Fig.  1  shows  one  proposed  scheme  of 
connection  for  the  first  four  units,  and  four 
feeders.  It  is  anticipated  that  the 
other  eleven  units,  when  installed,  ] 
will  be  used  largely  to  supply 
nearby  power  systems  through 
stepup  transformers. 

The  scheme  is  to  make  the  feed- 
ers and  generators  of  equal  ca- 
pacity, and  connect  the  generators 
in  parallel  on  a  ring  bus  through 
reactors  of  5  per  cent,  based  on 
generator  capacity.  In  order  to 
permit  serving  a  feeder  from  an- 
other generator  than  its  own,  with- 
out going  through  two  reactors,  the 
connection  shown  dotted  may  be 
utilized.  This  connection  might 
be  made  through  a  disconnecting 
switch  or  through  an  oil  circuit 
breaker,  with  a  disconnecting  switch 
on  either  side.  The  latter,  while 
more  expensive  and  necessitating  a 
longer  structure,  is  the  more  flexible. 
The  main  objection  to  this  scheme 
is  that  there  is  but  one  generator 
oil  breaker  and  no  opportunity  is 
afforded  to  inspect  or  clean  it,  nor 
is  a  spare  im_mediately  available  in 
case  of  emergency.  An  accident 
to  this  circuit  breaker  would  shut 
down  25  per  cent  of  the  generator 
capacity  during  the  first  installa- 
tion. After  all  fifteen  units  are 
installed,  the  loss  of  one  machine 
would  decrease  the  plant  capacity 
only  about  7  per  cent,  so  this  ob- 
jection is  less  serious  for  the  final 
arrangement.  Fig.  2  shows  one 
method  of  decreasing  this  hazard 
without  increasing  the  number  of 
oil  circuit  breakers,  though  the 
number  of  disconnecting  switches 
is  somewhat  increased.  In  addi- 
tion, a  disconnecting  switch  may 
be  placed  in  the  outgoing  line  from 
each  corner  of  the  delta  which  will 
aftord  still  more  flexibility  to  the 
system.  Somewhat  of  a  problem 
is  now  encountered  in  providing 
the  interchangeability  between  generators  and 
feeders,  which,  in  the  scheme  shown  in  Fig.  1, 
is  accomplished  by  a  stub  bus  tie,  because 
the  stub  bus  itself  has  disappeared.  Fig.  3 
illustrates  one  means  by  which  this  can  be 


accomplished,  though  there  are  other  con- 
nections of  equal  advantage.  Fig.  4  repre- 
sents another  method  of  connection,  which 
contemplates  a  double  bus,  a  main  and 
auxiliary.     In  the  main  bus  5  per  cent  reac- 
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Arrangement  by  Which  Complete  Reliance  in  One  Oil  Circuit  Breaker 
e   Disadvantageous  Feature  of  the  Scheme  Shown  in~  Fig.   1) 
is  Avoided  by  the  Addition  of  One  Disconnecting  Switch 
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Arrangement  Whereby  the  Interchangeability  of  Generators  and 
Feeders  Afforded  by  the  Scheme  of  Fig.  1  May  be  Secured 
from  the  Arrangement  in  Fig.  2 
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Arrangement  Using  Double  Bus  and  Selector  Oil  Circuit  Breakers, 
in  bus  sectionalized  by  current  limiting  reactors  and  auxiliary 
bus  by   oil  circuit  breakers.      Note  the  flexibility 
afforded  by  this  arrangement 

tors  are  inserted  between  each  pair  of 
machines  and  feeders,  while  the  auxiliary 
bus  is  sectionalized  by  oil  circuit  breakers 
between  each  pair.  It  will  be  desirable 
to  insert  sectionalizing  breakers  in  the  main 
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bus  alHHil  c'vcrv  lourih  nuuiiiiK',  in  the  ulli- 
mate  installation. 

While  this  scheme  uses  more  circuit  breakers 
than  the  others,  it  is  the  most  flexible  and 
possibly  the  best  arrangement  when  consid- 
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.  5.     Arrangement  by  Which  the  Flexibility  of  the  Scheme  in  Fig 

Attained  Without  Increasing  the  Number  of  Oil  Circuit  Breakers. 

Note  that  the  omission  of  double  circuit  breakers  from 

the   feeder  circuits   is    less   objectionable   than 

the  omission  from  the  generators 


ered  from  all  standpoints.  The  number  of  oil 
circuit,  breakers  can  be  reduced  by  replacing 
one  of  the  feeder  breakers  by  selector  discon- 
necting switches  as  shown  in  Fig.  5.  This 
procedure  is  more  defensible  than  the  om.ission 
of  double  circuit  breakers  from  the  generator 
circuits,  since  it  is,  or  should  be.  possible  to 
carry  temporarily  the  total  load  over  three 
feeders,  with  only  slight  impairment  to  the 
operation. 

Many  power  stations  are  operating  with 
the  neutral  of  the  generators  earthed,  even 
when  there  is  no  local  distribution,  and  the 
only  connections  to  the  low  tension  busses 
are  the  generators  themselves,  the  stepup 
transformers  and  the  stepdown  station  sen.'ice 
transformers.  It  is  possible  that  this  practice 
may  to  some  extent  prevent  damage  to  the 
low  tension  apparatus  from  static  disturbances 
caused  by  abnormal  conditions  on  the  high 
voltage  system.  In  some  cases  the  earth 
connection  is  made  through  a  current  limiting 
resistance.  The  practical  value  of  this  resis- 
tance, however,  is  not  above  question.  It  is 
the  general  practice,  when  earthing  the  low 
voltage  side  at  the  generating  station,  to 
earth  only  one  machine  at  a  time,  as  trouble 
has  sometimes  been  experienced  when  con- 
necting the  neutrals  of  two  or  more  machines 
together  at  once,  from  circulating  currents. 
Theoretically,  if  the  generators  are  all  dupli- 

•A  diagram  of  the  layout  of  this  system  is  given  in  Fig.  4  on 
page  984  of  this  issue. 


cales,  any  irregularities  in  wave  form  would 
be  the  same  in  all  machines,  so  that  no  higher 
harmonic  current  should  circulate  through  the 
neutrals;  and,  in  fact,  some  companies  have 
found  it  possible  to  connect  the  neutrals  (>( 

two    or    more    machines    together 

j         with  quite  satisfactory  results. 
j  An  excellent  illustration  of   the 

1  practical  application  of  the  princi- 
I  pics  here  enumerated  is  afforded 
by  a  study  of  the  layout  of  the 
Alal)ama  Power  Company.*  The 
main  generating  stations,  the  1 10- 
kv.  substations  and  interconnect- 
ing lines,  together  with  some  of  the 
more  important  customers  may  be 
regarded  as  the  exjjress  portion  of 
the  system  of  primary  importance. 
The  radial  feeders  and  their  custo- 
mers constitute  the  local,  or  sec- 
ondary circuits.  It  will  be  noted 
that  there  are  at  least  two  lines  to 
all  primary  points  and  usually  one 
line  to  other  points.  At  the  express 
stations  elaborate  relay  schemes 
are  utilized  to  prevent  an  interruption  of 
service  in  case  one  line  goes  out.  Operation 
was  started  with  an  isolated  neutral;  subse- 
quently, one  and  later  two  points  in  the  high 


Power  System 


tension  system  were  grounded.  The  rather 
extensive  44-kv.  system  has  also  been 
grounded  in  two  places  in  order  to  secure  the 
beneficial  results  already  obtained  by  ground- 
ing the  1 10-kv.  lines. 
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The  geographical  layout  of  an  extensive 
transmission  system  is  represented  by  Fig.  6. 
This  system,  like  many  others,  is  the  result  of 
the  growth  and  combination  of  several  smaller 
companies.  Stations  E  and  F  were  first  in  the 
field,  and  each  served  a  purely  local  load. 
Other  small  plants  began  to  appear  in  the 
territory,  and  some  of  these,  located  on  the 
southern  end  of  the  territory,  were  more  or 
less  interconnected.  Then  hydro  stations  A 
and  B  and  steam  reserve  station  D  were 
built  with  a  large  part  of  the  present  132-kv. 
system.  Lastly  station  D  was  developed. 
Most  of  the  smaller  plants  have  been  aban- 
doned and  dismantled,  only  the  two  largest, 
namely,  E  and  F,  being  retained  as  cold  steam 
reserves,  and  used  occasionally  as  synchronous 
condensers  for  voltage  regulation.  The  river 
on  which  the  hydraulic  plants  are  located  has 
little  storage  above  B,  but  a  considerable 
amount  between  B  and  C,  so  it  is  possible  to 
use  C  somewhat  as  a  reserve  for  seasonal 
storage.  The  B  132-kv.  system  is  solidly 
grounded  at  substation  10.  On  the  diagram, 
the  heavy  lines  indicate  the  high  voltage  trans- 
mission network,  and  light  lines  the  distri- 
bution system,  most  of  which  is  for  44  kv. 

In  relaying  this  network,  the  best  operation 
demands  that  the  system  as  a  whole  be  con- 
sidered, rather  than  individual  stations  or 
lines.  The  principle  of  express  and  local 
service  should  be  kept  in  mind.  The  purpose 
will  be  so  to  select  and  arrange  the  relays  for 
each  and  all  operating  conditions  that  when 
any  line  is  in  trouble,  the  circuit  breakers 
controlling  it,  and  only  those,  will  be  opened 
immediately.  To  accomplish  this,  the  short 
circuit  currents  flowing  in  all  portions  of  the 
system  should  be  calculated  for  faults  at  a 
sufficient  number  of  points  to  give  compre- 
hensive data,  and  under  ail  probable  operating 
conditions.  This  includes  not  only  such 
changes  in  the  method  of  operation  as  are 
due  to  the  shifting  of  the  load  among  generat- 
ing stations,  according  to  water  conditions, 
but  also  includes  the  changes  caused  where 
various  of  the  lines  are  out  of  service,  as  they 
may  be  for  testing,  repairs  and  construction. 
It  will  seldom  be  possible  to  have  the  relays 
at  both  ends  of  a  line  set  for  instantaneous 
operation  and  usually  some  time  delay  will  be 
required  at  both.  It  is,  therefore,  important 
to  calculate  not  only  for  conditions  at  the 
instant  the  fault  develops,  but  also  the  amount 
and  distribution  of  current  in  the  system  after 
the  first  breaker  has  tripped.  This  will  serve 
as  assurance  that  the  proper  breaker  will  be 
next  and  only  one  to  go.    In  both  calculations. 


particularly  the  latter,  due  weight  should  be 
given  to  the  fact  that  sustained  conditions 
are  being  approached,  and  to  the  effect  of  the 
automatic  voltage  regulator  on  the  output 
from  each  station.  These  calculations  entail 
considerable  labor  and  are  next  to  impossible 
of  performance,  if  carried  out  by  the  ordinary 
algebraic  methods.  A  device  which  greatly 
shortens  the  amount  of  work  is  described  in 
the  October,  1916,  and  the  February,  1919, 
issues  of  the  Review.  A  description  is  also 
given  of  the  method  whereby  the  reactances 
of  generators,  transformers  and  lines  are  all 
reduced  to  a  common  basis  and  laid  out  on  the 
table.  When  the  table  has  once  been  set  up 
for  the  system  it  is  an  easy  matter  to  assume 
faults  at  any  desired  point  and  to  read  the 
current  distribution  throughout  the  system 
for  each  fault. 

With  complete  data  as  to  the  current  dis- 
tribution under  all  possible  conditions,  con- 
sideration of  the  selection  of  relays  and 
determination  of  the  settings  may  be  taken 
up.  It  should  be  kept  in  mind  also  that  the 
relaying  will  depend  largely  on  the  method 
of  operation.  For  instance,  if  all  high  tension 
lines  are  tied  solidly  together  at  each  station, 
a  very  different  relay  scheme  may  be  de- 
manded than  if  they  are  more  or  less  sepa- 
rated and  paralleled  only  on  the  low  side.  In 
the  following  discussion  it  will  be  generally 
assumed  that  all  high  tension  lines  are  paral- 
leled on  a  single  bus. 

On  a  network  as  large  as  this  it  will  not  be 
possible  to  keep  in  mind  all  parts  of  the  system 
and  their  various  requirements  at  once. 
Consideration  must  be  given  to  certain  sec- 
tions by  themselves,  and  then  determine  the 
effect  of  the  scheme  selected  for  each  section 
upon  the  rest  of  the  system.  Take  first  the 
portion  adjacent  to  station  A.  The  four  lines 
to  F  and  B  may  be  considered  the  express 
lines  and  the  aim  should  be  to  keep  them  in 
service  at  all  costs.  The  relays  at  the  A  end 
of  the  A-F  lines  must,  therefore,  be  set  so  as 
to  select  the  proper  line  in  case  of  a  fault, 
even  at  the  far  end;  but  they  must  not  trip 
in  case  of  a  fault  on  the  branch  line  of  sub- 
station 2.  This  would  indicate  that  the 
breaker  at  switching  station  12  should  be  in- 
stantaneous, with  enough  delay  on  the  relays 
at  A  to  give  time  to  open.  However,  12  can- 
not be  instantaneous,  since  it  could  not  dis- 
tinguish, if  a  fault  occurs  close  to  2,  whether 
it  is  on  the  12-2  or  the  2-1  line.  The  relay 
at  12  must,  therefore,  have  sufficient  delay  to 
permit  2  to  clear  first,  if  the  fault  is  between 
2  and  1.     With  a  simple  time  delay  relay  it 
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will  lie  mipossililr  1(1  obtain  proper  seloclion 
ln-lwccn  tlu'  twi)  livi'iiki'rs  at  .',  for  no  matter 
on  which  of  I  he  hraneh  lines  llie  fault  oc- 
curred, i)raetieall\-  the  same  current  would 
pass  Ihriuijih  each  breaker  and  time  delay 
cannot  be  used,  since  for  a  fault  on  the  2-1 
line,  that  switch  should  j^o  first,  while  for  a 
fault  on  the  ;J?-/~^  line,  the  other  should  go 
first.  It  is,  therefore,  necessary  to  make  use 
of  a  directional  relay,  so  the  2-1  line  will  trii) 
only  with  current  flowinjj  from  12  to  I ,  while 
the  2-12  line  will  trip  only  for  current  flowing 
from  1-12.  Ktiuipped  thus  with  directional 
instantaneous  relays  at  2,  rela\s  at  1  and  12 
may  be  given  sufificient  delay  to  be  sure  the 
breaker  at  2  has  cleared  for  a  fault  beyond  2. 
and  the  switches  at  .4  can  be  given  still  more 
time  to  be  sure  the  breakers  at  /  or  12  have 
gone  in  case  the  fault  is  on  either  branch  line. 

It  will  be  desirable,  though  not  always 
possible,  so  to  select  and  set  each  relay  that  no 
change  in  setting  is  required  with  changes  in 
operating  conditions.  For  example,  one  may 
be  forced  to  use  one  current  setting  for  the 
relays  at  .4  when  all  generators  at  .4  are 
running,  and  another  when  only  one  or  two 
are  in  operation. 

In  case  of  a  fault  on  one  of  the  A-F  lines 
close  to  station  F,  the  current  flowing  from 
A  would  be  fairly  evenly  divided  and  no  se- 
lective action  would  be  obtainable  between  the 
good  and  the  faulty  line.  In  order  to  prevent 
both  lines,  or  neither,  from  tripping  at  ^4,  the 
switches  at  F  must  operate  quickly.  Again, 
in  case  of  a  fault  near  the  .4  end  of  the  line 
the  current  from  F  to  the  fault  might  be 
rather  small  so  the  relays  on  the  F  end  of  the 
A-F  line  must  be  set  both  quick  and  low. 
This  would  require  either  directional  or  bal- 
anced current  relays,  as  otherwise  they  would 
both  trip  for  faults  beyond  F,  which  is  not 
permissible.  However,  they  must  not  operate 
on  a  fault  on  the  12-3  branch  line,  which 
is  protected  at  12  by  a  time  delay  relay. 
All  these  various  requirements  can  only  be 
met  by  a  nice  adjustment  between  the  current 
and  time  settings  of  the  relays  at  .4,  F 
and  1-2.  Careful  study  should  now  be  made 
of  the  calculated  short  circuit  data  and  of  the 
time  current  cur\-es  of  the  various  relays  to 
determ.ine  exactly  the  settings  required  so 
that  only  12  shall  trip  on  a  fault  on  the  12-2 
line,  while  the  proper  .4  and  F  relays  will  trip 
on  a  fault  on  the  A-F  line. 

It  may  be  desirable  to  equip  the  2  end 
of  the  2-11,  44-kv.  tie  line  with  a  direc- 
tional instantaneous  relay,  so  connected  and 
set  as  to  operate  only  on  a  transformer  failure. 


or  in  case  the  hijjh  tension  breakers  at  2 
failed  to  function.  If  the  total  local  load 
at  2  is  t(jo  great  to  be  carried  satisfactorily 
from  //,  this  relay  may  be  set  to  triji  on 
overload,  thus  drop[)ing  the  local  load  at  2, 
but  continuing  service  to  tie-line  custom- 
ers. On  the  other  hand,  if  the  local  load 
at  2  can  be  carried  from  //  temjjorarily, 
though  with  some  droj)  in  voltage,  this  relay 
may  be  put  on  the  transformer  breaker  and 
save  the  local  load  on  transformCr  failure, 
loss  of  high  tension  power,  or  failure  of  a  high 
tension  breaker  at  2  to  function.  Similar 
arrangements  may  be  made  at  //  and  3.  In 
addition  the  44-kv.  tie  lines  should  be  given 
overload  time  limit  protection  against  faults 
in  the  lines  themselves. 

At  the  B  end  of  the  A-B  lines,  essentially 
the  same  conditions  obtain  as  at  the  F  end  of 
the  A-F  lines,  except  that  there  will  always 
be  at  least  one  generator  on  the  bus  at  B. 

For  the  B-E  lines,  which  have  no  local 
stations,  probably  the  most  satisfactory  ar- 
rangement would  be  balanced  current  relays 
at  B  and  directional  relays  at  E.  This  scheme 
would  also  be  desirable  for  the  B  end  of  the 
B-D  lines  and  for  both  ends  of  the  B-10  lines. 

A  fault  on  either  10-F  line  should  open 
the  breakers  at  each  end,  and  in  order  to  get 
positive  selection  with  the  least  time  delay, 
perhaps  balanced  current  relays  will  be  most 
desirable.  A  directional  relay  on  the  low  side 
of  the  transformer  at  11  would  save  the  11 
local  load,  carrying  it  from  2,  F  and  3,  in  case 
the  fault  were  on  the  line  supplying  11. 

The  breakers  in  the  F  end  of  the  F-5  lines 
will  be  required  to  trip  on  any  fault  between 
F  and  d,  but  they  should  not  go  on  a  fault 
beyond  5.  Since  all  six  lines  at  o  can  be 
given  directional  or  current  balance,  relays 
with  very  small  time  delay,  a  little  time  on  the 
breakers  at  F  will  permit  the  5  breaker  to 
clear  first  if  the  fault  is  beyond  o.  Direc- 
tional relays  on  the  low  side  of  the  trans- 
formers at  substations  3  to  7  would  save 
the  load  at  those  stations  on  failure  of  primary 
supply,  provided  it  were  not  too  heavy  for 
the  tie  line  to  adjacent  stations.  The  same 
applies  to  S  and  9. 

The  breakers  at  the  C  end  of  the  C-o  line 
will  require  the  same  treatment  as  the  ones 
at  the  other  end  of  the  line  in  F.  Adjustment 
of  current  settings  will  undoubtedly  be  re- 
quired according  to  whether  the  load  is  largely^ 
on  stations  ,4  and  5  or  on  C  and  D. 

Since  there  are  no  taps  therefrom  and 
since  each  end  is  on  the  same  bus,  each  end 
of  the  C-D  lines  mav  be  given  balanced  cur- 
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rent  protection,  which  will  permit  getting  a 
fault  off  one  of  these  lines  with  the  least  delay. 

If  the  pairs  of  lines  betwen  stations  are 
spht  at  either  end,  and  terminate  on  different 
high  tension  busses,  a  different  problem  is 
presented.  However,  the  same  principles  will 
apply,  and  the  same  objects  are  to  be  accom- 
plished, though  the  methods  may  be  some- 
what different.  For  example,  suppose  at 
station  F,  normal  operation  is  with  one  of 
each  pair  "of  lines  on  one  high  tension  bus  and 
the  other  three  on  the  other.  The  relaying 
at  F  would  be  dependent  upon  whether  both 
lines  were  solidly  tied  together  at  the  other 
stations,  or  were  there  similarly  separated, 
making,  in  effect,  two  separate  systems  on  the 
same  towers.  Were  such  a  course  adopted,  it 
is  probable  that  best  operation  would  dictate 
that  for  such  stations  as  F,  ./O,  etc.,  where  there 
are  two  or  more  banks  of  transformers  in 
multiple,  that  they  be  paralleled  only  on  the 
low  tension  side,  with  the  high  side  of  each 
connected  to  each  bus.  While  there  are  at 
least  two  sources  of  power  to  each  station,  so 
any  one  line  failure  would  hardly  cause  an  in- 
terruption, still  were  this  scheme  adopted,  a 
failure  of  one  high  tension  bus,  or  even  the 
loss  of  one  entire  system  would  not  cause  an 
interruption  since  the  bank  remaining  in 
service  would  carry  the  load  until  the  other 
could  be  put  back.  The  proper  protection 
would  be  directional  relays  on  the  low  side 
of  each  transformer,  to  trip  on  reversal  of 
power. 

With  this  system  of  operation  less  use  will 
be  made  of  balanced  current  relays,  which 
might  have  been  used  to  good  advantage  on 
the  A  end  of  the  A-F  lines,  when  all  lines  were 
on  the  same  bus  at  F.  But  with  the  two  A-F 
lines  separated  at  F,  a  fault  on  one  of  the  F-5 
lines  or  on  one  of  the  F-10  lines  would  also 


cause  some  unbalancing  at  A,  and  it  might 
not  be  possible  to  get  such  a  setting  at  A  as 
would  give  proper  selection  between  faults  on 
the  A-F  lines  and  faults  on  F-5  or  F-10  lines. 

Whatever  relay  system  is  adopted,  it  must 
be  designed  with  full  consideration  of  the  pro- 
posed method  of  operation,  and  any  departure 
therefrom  may  necessitate  a  radical  revision 
of  the  whole  scheme  of  relaying. 

It  is  unlikely,  however,  that  perfect  opera- 
tion will  be  obtained  from  the  start  on  a  newly 
designed  relay  scheme  for  an  extensive  sys- 
tem, no  matter  how  much  study  is  given 
to  the  probable  sources  of  trouble,  distribution 
of  short  circuit  currents  and  settings  of  relays. 
Unforeseen  conditions  are  likely  to  arise,  errors 
in  connections  and  settings  will  creep  in,  and 
sources  of  trouble,  due  to  special  operating 
conditions,  will  occur  that  are  bound  to  upset 
some  of  the  plans.  To  get  the  best  results 
from  the  use  of  relays  in  promoting  continuity 
of  service,  every  large  company  should  have  a 
competent  man  whose  business  it  is  to  work 
out  the  problem,  have  charge  of  the  setting  of 
relays  and  follow  up  ever}'  case  of  trouble 
Accurate  records  of  relay  performance,  in- 
cluding cases  both  of  failure  to  operate  and 
wrong  operation,  as  well  as  correct  operation 
with  appropriate  notation  on  system  condi- 
tions, cause  of  trouble  and  other  pertinent 
information,  should  be  kept  by  the  relay 
engineer.  These  records  will  serve  as  a  basis 
for  checking  relay  operation  and  for  any 
changes  in  the  general  scheme  which  may 
be  considered  or  necessitated  as  the  system 
grows.  Several  power  companies  have  already 
adopted  the  policy  of  employing  an  engineer, 
sometimes  with  one  or  more  assistants  for  just 
this  kind  of  work,  and  they  report  that  the 
results  are  worth  many  times  the  expense 
involved. 
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High  Voltage  Power  Transmission  Problems 

By  W.  W.  Lewis 
I'owKK  AM)  Mining  Encinkekini;  Department,  General  Electric  Company 

The  voltages  which  have  come  into  use  for  power  transmission  within  the  past  ten  or  fifteen  years  have 
presented  many  problems  not  encountered  in  dealing  with  more  moderate  potentials.  Electrostatic  capacitance 
IS  a  factor  which  cannot  be  neglected  in  calculating  the  characteristics  of  long,  high  voltage  lines,  and  while  in 
general,  the  charging  current  is  beneficial  to  the  operation  of  a  fully  loaded  line,  its  presence  may  demand 
serious  consideration  on  a  lightly  loaded  circuit.  For  the  calculation  of  any  lines  which  have  so  far  been  built, 
one  or  two  terms  of  the  fornnilae  developed  by  Dr.  Steinmetz  and  discussed  by  Mr.  Peek  in  the  June,  1913, 
issue  of  this  paper  arc  sutTiciently  accurate,  but  it  is  possible  that  voltages  and  lengths  of  line  may  soon  be 
reached  where  it  will  be  necessary  to  employ  the  rigid  hyperbolic  formulae.  The  author  discusses  with  the 
familiarity  of  long  association  some  of  the  phenomena  encountered  in  high  voltage  transmission,  the  practical 
aspects  thereof  and  the  theoretical  considerations  involved. — Editor. 


The .  art  of  transmitting  power  by  high 
voltage  lines  has  progressed  steadily  since  the 
first  lOO.OOO-volt  lines  were  installed  in  190(5 
and  1909.  The  problems  arising  in  connec- 
tion with  such  transmission,  however,  still 
appear  to  be  innumerable  and  inexhaustible. 
A  few  of  the  present  day  features  of  high 
voltage  transmission  and  the  problems  that 
frequently  arise  in  connection  with  such 
transmission  will  be  briefly  discussed  in  this 
article. 

Voltage 

The  range  of  voltage  has  extended  upward 
until  now  there  are  at  least  two  150.000-volt 
systems  in  active  operation  and  voltages  up 
to  220.000  are  being  discussed.  In  Table  I 
are  tabulated  the  systems  of  70,000  volts  and 
above  with  data  as  to  their  normal  voltage, 
altitude  of  stations,  grounding  of  neutral  and 
frequency.  The  normal  voltage  here  given  is 
the  voltage  of  the  highest  tap  of  the  gen- 
erating station  transformers,  and  this  is  the 
voltage  which  should  be  considered  in  insulat- 
ing the  transformers  and  other  apparatus  on 
the  line,  as  it  is  apparent  that  all  the  appa- 
ratus may  be  subjected  to  this  voltage  or 
greater  during  certain  periods  of  operation. 
Thus,  at  times  of  heavy  load  the  generating 
station  apparatus  is  subjected  to  this  voltage 
and  at  times  of  light  load  the  substation 
apparatus  receives  this  voltage  or  higher. 

In  the  interest  of  standardization  of  appa- 
ratusitisimportant  that  the  number  of  voltages 
be  kept  as  small  as  possible.  It  has  happened 
usually  in  the  past  that  a  voltage  was  selected 
strictly  with  regard  to  local  conditions,  whereas 
the  nearest  standard  voltage  would  have  been 
equally  suitable  and  had  it  been  adopted 
fully  developed  and  standardized  apparatus 
for  that  voltage  would  have  been  available. 
The  following  normal  voltages  for  systems 

•  n  a  voltaKe  intermediate  between  154.000  and  220.000  is 
required,  187.000  should  be  used. 


44,000  volts  and  above  have  been  proposed 
and  seem  to  fit  all  the  usual  requirements  for 
present-day  operation  in  this  country-. 

Standard  Normal  System  Voltages* 

44,000  132,000 

06,000  1.54,000 

88,000  220,000 
1 10,000 

In  systems  employing  transformers  the 
normal  voltage  of  the  system  is  defined  as 
the  highest  rated  voltage  of  the  secondaries 
of  the  transformers  supplying  the  system. 
This  voltage  rating  shall  apply  to  all  parts 
of  the  system.  It  is  to  be  understood  that 
the  A.  I.  E.  E.  Standardization  Rules  on 
dielectric  strength  tests  are  based  on  the 
normal  voltage  of  the  system,  as  defined 
above,  on  which  the  apparatus  is  to  be  in- 
stalled. All  dielectric  strength  tests  shall 
be  based  on  the  normal  voltage  of  the  system, 
even  if  apparatus  is  to  be  applied  on  a  part 
of  the  system  which  ordinarily  operates 
below  normal  voltage. 

It  is  to  be  hoped  that  operating  companies 
in  planning  new  systems,  or  extensions  to 
old  systems,  will  adhere  to  the  above  voltages, 
as  it  is  believed  that  mutual  benefit  will 
result  to  all  from  the  adoption  of  this  practice. 

The  choice  of  voltage  is  based  on  a  number 
of  factors,  the  main  ones  of  which  are  econom- 
ical considerations  as  shown  by  the  calcula- 
tion of  line  losses  and  voltage  drop.  The 
voltage  thus  selected  may  be  modified  by 
practical  considerations,  such  as  the  limits  of 
apparatus  developed.  The  size  of  conductor 
chosen  is  likewise  based  mainly  on  considera- 
tion of  losses,  but  also  on  consideration  of 
mechanical  strength  and  other  factors.  The 
tendency  has  been  largely  to  adopt  a  size  of 
conductor  that  would  not  give  corona  loss 
at  normal  operating  voltage.  This  frequently 
leads  to  a  much  larger  size  than  necessary  for 
canning  the  power  current  and  the  tendency 
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TABLE  I 
PRINCIPAL  POWER  SYSTEMS— 70,000  VOLTS  AND  ABOVE 


Aluminum  Co.  of  America  (Tallassee  Dev.) 
Southern  Cal.  Ed.  Co 

3  Southern  Sierras  Pwr.  Co 

4  '  Consumers  Pwr.  Co 

5  Nevada-Cal.  Pwr.  Co 

American  Gas  &  Elec.  Co 

Central  Pwr.  Co 

Utah  Pwr.  &  Lt.  Co 

9  I  Catalans  de  Gas  y  Electricidad  Cia 

10  '  Pacific  Gas  &  Elec  Co 

11  iCompagnie  des  Chemins  de  Per  du  Midi.  .  . 

12  Tennessee  Pwr.  Co 

13  I  Wisconsin-Minn.  Lt.  &  Pwr.  Co 

14  Minneapolis  General  Electric  Co 

15  1  Columbus  Pwr.  Co 

16  Inawashiro  Hydro-Elec.  Pwr.  Co "  .  .  .  . 

17  Hydro-Elec.  Pwr.  Comm.  of  Ont 

18  Hamilton  Hydro-Elec.  System 

19  Lauchhammer  A.  G 

20  Georgia  Rwy.  &  Pwr.  Co 

21  Alabama  Pwr.  Co 

22  Mississippi  River  Pwr.  Co 

23  Lehigh  Navigation  Elec.  Co 

24  Aluminum  Co.  of  America  (Massena  Dev.) 

25  Virginia  Rwy.  &  Pwr.  Co 

26  :  Mex.  Northern  Pwr.  Co 

27  lEbro  Irrigation  &  Pwr.  Co 

28  I  Chile  Exploiation  Co 

29  New  England  Pwr.  Co 

30  I  Washington  Water  Pwr.  Co 

31  Puget  Sound  Trac,  Lt.  &  Pwr.  Co 

32  |C.,  M.  &  St.  P.  R.  R.  (Western  Elect.).  .  .  . 

33  Southern  Pwr.  Co 

34  City  of  Los  Angeles 

35  Yadkin  River  Pwr.  Co 

36  Carolina  Pwr.  &  Lt.  Co ,.  . 

37  Palmetto  Pwr.  &  Lt.  Co 

38  Montana  Pwr.  Co 

39  |C.,  M.  &  St.  P.  R.  R.  (Eastern  Elect.).  . . . 

40  I  Great  Falls  Pwr.  Co 

41  j  Anaconda  Copper  Min.  Co 

42  Thompson  Falls  Pwr.  Co 

43  I  Great  Western  Pwr.  Co 

44  I  Colorado  Pwr.  Co 

45  !  Tata  Hydro-Elec.  Pwr.  Supply  Co 

46  Andhra  VaUey  Power  Supply  Co 

47  Sierra  &  San  Francisco  Pwr.  Co 

48  Truckee  River  General  Electric  Co 

49  Shawinigan  Wtr.  &  Pwr.  Co 

50  Pueblo  Tramways,  Lt.  &  Pwr.  Co 

51  Appalachian  Pwr.  Co 

52  Societa  Italiana  di  Elettrochimica 

53  Rio  Janiero  T.  L.  &  Pwr.  Co 

54  Tasmania  Hydro-Elec.  &  Metal  Co . 

55  Sao  Paulo  Elec.  Co 

56  Energia  Electrica  de  Cataluna 

57  Victoria  Falls  &  Transvaal  Pwr.  Co 

58  Sou.  Sierras  Pwr.  Co 

59  I  Toronto  Pwr.  Co 

60  I  Mexican  Lt.  &  Pwr.  Co 

61  I  Northern  Pwr.  Co.  (N.  Y.) 

62  i  Hannawa  Falls  Pwr.  Co 

*  Dir.  =  Direct 


1000 

0-5000 

1000-4500 

750 

5000 

600-1000 

600-1000 

4000-6000 

0-3000 

0-4500 

3300 

500-  900 

800 

500 

350-  950 

0-2500 

600 

600 

500 

600-1600 

200-  800 

460-  530 

1000 

300 

0-  100 

2000-3000 

0-3000 

0-9000 

0-  500 

2000-4000 

0-  600 

0-4000 

400-  850 

200-2100 

100-  400 

100-  500 

100-  400 

4000-6000 

5000 

3300-5500 

3300-5500 

4000-6000 

0-  500 

5000-10500 

0-1000 

0-1000 

0-2000 

4000-6000 

100-  300 

7000-7500 

1000-2500 

0-  500 

0-1000 

0-1000 

0-1000 

1000 

1000-4500 

300-  750 

3000-7500 

300 

300 


150,000 
150,000 
150,000 
140,000 
140,000 
138,500 
138,500 
130,000 
130,000 
125,000 
120,000 
120,000 
120,000 
120,000 
115,000 
115,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
110,000 
103,900 
103,900 
103,900 
102,000 
102,000 
102,000 
102,000 
102,000 
100,000 
100,000 
100,000 
100,000 
104,000 
104,000 
100,000 
100,000 
88,000 
88,000 
88,000 
88,000 
88,000 
88,000 
88,000 
87,000 
86,500 
85,000 
80,000 
80,000 


60 
50 
60 
30/60 
60 
60 
60 
60 
50 
60 
50 
60 
60 
60 
60 
50 
25 
25 
50 
60 
60 
25 
25 
60 
60 
60 
50 
50 
60 
60 
60 
60 
60 
50 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
50 
50 
60 
60 
60 
60 
60 
42 
50 
50 
60 
50 
50 
60 
25 
50 
60 
60 


Dir.* 

Dir. 

No 

No 

No 

Dir. 

Dir. 

Dir. 

Dir. 

No 

Dir. 

Dir. 

No 

No 

Res.f 

Res. 

No 

Res. 

Dir. 

Dir. 

Res. 

No 

Dir. 

Res. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

Dir. 

No 

No 

No 

Dir. 

Dir. 

No 

Dir. 

No 

No 

No 

Dir. 

No 

Dir. 

Res. 

No 

No 

Dir. 

No 

No 


tRes.  =  Resistance 
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63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

78 
79 
80 


TABLE  I    tCnntinufd 
PRINCIPAL  POWER  SYSTEMS     70,0()()   VOLTS  AND  ABOVE 


Nonnul 
VoltaKC 


Praq. 
Cycle* 


Racquctto  River  Paper  Co 300 

Swedish  Slate  Railways ,  1000-2000 

Kalsuragawa  Hydro-Elcc.  Co 0-1000 

Nagova  Elec.  Lt.  Co 

Milwaukee  Elec.  Rwy.  &  Lt.  Co >  600 

So.  Cal.  Ril.  Co.  (Kern  River  No.  1  Dev.) 2700 

So.  Cal.  Ell.  Co.  (Kern  River  No.  3  Dev.) 2700 

So.  Cal.  Ed.  Co.  (Los  Angeles  District) 200 

New  England  Pwr.  Co ]  0-  500 

City  of  Milan j  800-1000 

Consumers  Pwr.  Co I  600 

Societa  Gencrale  EUetrica  dell'  Adamella I  500-2000 

City  of  Winnipes; 

Hydroelcclrica  Espanola  Molinar 0-1000 

Penn.  Wtr.  &  Pwr.  Co i  0-500 

Guadalajara,  Mexico 1000-3000 

Societa  Ellectrica  Rivera  di  Ponente 0-1000 

Swedish  State  Railways I  1000-2000 


HO.OOO 
XO.OOO 
77,()()() 
77,000 
70,200 
7."),000 
75.000 
72.000 
72.000 
72,000 
72,000 
72,000 
72,000 
70,000 
70,000 
70,000 
70,000 
70,000 


(HI 

15 

50 

60 

25 
50/60 
50/60 

50 

60 

42 

30 

42 

60 

50 

25 

50 

50 

25 


No 
Res. 


Dir. 
Dir. 
Dir. 
Dir. 
I  Res. 
No 
No 

No 

Res. 

No 

Res. 

Dir. 


now  is  to  allow  a  reasonable  amount  of  corona 
loss,  which  combined  with  the  other  losses 
should  not  give  an  economically  excessive 
total  loss. 

Calculation  of  Regulation  and  Losses 

Voltage  regulation  and  line  losses  are  the 
limiting  feattires  in  determining  transmission 
voltage  and  size  of  conductor.  In  calculating 
these  the  writer  has  found  most  useful  the 
method  outlined  by  Peek  in  the  Gener.\l 
Electric  Review  of  June,  1913,  and  for 
longer  lines  and  more  rigid  calculations  the 
hyperbolic  formula  given  below : 

Ei  =  Eo  cosh  ns±Io  Za  sink  ns  (1) 

/i  =  /o  cosh  ns±{Eo/Zo)  sinh  ns         (2) 
in  which 

El  and  1%  are  respectively  voltage  and 
ciirrent  (expressed  in  vector  quantities)  at 
one  end  of  the  line. 

Ef,  and  /o  are  respectiveh'  voltage  and  cur- 
rent at  other  end  of  line. 

If  Eo  and  /o  are  voltage  and  current  at 
the  receiving  end  of  line,  the  plus  sign  (-|-) 
between  the  two  terms  of  the  right-hand 
member  should  be  used.  If  £o  and  /o  are 
at  the  generating  end,  the  minus  sign  (  — ) 
applies. 

Voltage  is  from  line  to  neutral  and  current 
for  one  conductor. 

n  =  VZY  =  A+jB 
A=y^y2[{gr-bx)  +  V{^+bry  +  {gr-b^ 


r  =  resistance  per  mile  in  ohms. 
X  =  reactance  per  mile  in  ohms, 
g  =  conductance  per  mile  in  ohms. 
6  =  susceptance  per  mile  in  ohms. 
5  =  length  of  line  in  miles. 
Z  =  r-|-y.T  =  impedance  per  mile. 
y  =  g-f-/6  =  shunted  admittance  per  mile. 

,         r+jx 

cosh    ns  =  cosh    {A+jB)s  =  cosh  As  cos  Bs+j 
sinh  As  sin  Bs 

sinh  ns  =  sinh  {A-\-jB)  s  =  sinh  As  cos  Bs+j 
cosh  As  sin  Bs 

Angles  ^45  and  Bs  are  in  radians. 

When  power-factor  angles  are  plus  (-|-),  the 
power-factor  is  leading ;  when  minus  ( — ) ,  the 
power-factor  is  lagging. 

An    example    will    be    given    showing    the 
method  of  using  these  formulas : 
Assiune : 

Receiver  voltage  200,000  between  lines. 

Spacing  conductors  20  ft. 

Conductor   750,000   cir.    mil.    copper   1-in. 
diameter. 

Frequency  60  cycles. 

Length  250  miles. 

Leakage  losses  2-kw.  per  mile  per  conductor. 

Then 

r  =  0.119  ohm  per  mile, 
a:  =  0.805  ohm  per  mile, 
g  =  0.15X10"*  ohm  per  mile. 
6  =  5.28X10"''  ohm  per  mile. 
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gr-6.v  =  0. 15  XlO-f^XO. 119-5. 28X10-^ 
X0.S05=-l:.23X10-« 
(gr-6A')-  =  17.9X10-12 

g:r  +  6r  =  0.15X10-^X0. 805  +  5.28X10-5 
X  0.1 19  =  0.7498X10-5 
(gx+6r)2  =  0. 56X10-12 

V{gx  +  br)-  +  {gr-bxy-  =  ^(17.9+0.56)10-1^ 
=  4.3X10-5 

A  =  yJH[{  - 4.23  X  10-5)  _|.4  3  ^  iQ-e] 

=  0,184X10-3 

S  =  -^  1 2[4.23  X  10-5+4.3  X 10-5]  =2.07  X 10-^ 

„=. 4 +;5  =  (0.184+2.07/)  10-3 

_Z         0.119  +  0.805/  ,., 

"     n     (0.184  +  2.07/)  10-3     "^       "'^^ 

1  1 


Zo     391-22.8/ 
E, 


(2.545 +0.1485/)  10- 


Zn 


115,500  (2.545+0.1485/)10- 


=  294+17.18/ 

(,4+/5)5=  (0.184  +  2.07/)  10-3X250  =  0.046 
+0.5175/ 

cosh  As  =  cosh  0.046=1.0011 
sink  As  =  sink  0.046  =  0.046 
cos  Bs  =  cos  0.5175  =  co.j  29.65°  =  0.869 
sin  Bs  =  sin  0.5175=  .sin  29.65"  =  0.495 
cosh  M5  =  1.0011X0.869+0.046X0.495/  = 

0.871+0.02275/ 
siyih  M5  =  0.O46X0. 869  +  1.0011X0.495/  = 
0.04  +  0.495/ 

For  line  open  at  receiver  end,  7r  =  0. 
E,  =  Er  cosh  Ms=  115,500  (0.871+0.02275/) 
=  100,700+2625/ 

Eg  =  \/lOO, 700^  +  26252  =  100,800 

100,800X1.73  =  174,000  volts  between 
conductors 

Ig={Er/Z<,)  sink  «5=  (294+17.18/)  (0.04  + 
0.495/)  =3.26+146.49/ 

Ig  =  v'3.262+146.492  =  146.5 
2625 


tan  6  = 
tan  a  = 


100,700 
146.49 


=  +0.0261     9  =  1°  30' 
+  45     a  =  88°  44' 


3.26 

<^  =  88°  44' -1°  30' =  87°  14' 
cos  0  =  0.048  leading 
Kv-a.  =  3  X  146.5  X  100.8  =  44,400 
Kw.  =  44,400  X0.04S  =  2130 


These  formulas  are  especially  useful  where  a 
number  of  lines  of  different  lengths  having  the 
same  constants  per  mile  are  to  be  calculated. 

On  systems  transmitting  considerable  power 
over  a  long  distance  it  is  necessary  for  good 
regulation  and  reasonable  losses  to  employ 
synchronous  condensers  of  from  50  per  cent  to 
75  per  cent  of  the  rating  of  the  load.  Without 
these  condensers  operation  usually  would  not 
be  feasible. 

The  Grounded  Neutral 

There  has  been  a  steady  drift  in  the  past  few 
years  away  from  the  isolated  neutral  and 
toward  the  grounded  neutral  among  the  large, 
high  voltage  power  systems. 

The  chief  argument  in  favor  of  the  isolated 
neutral  is  the  possibility  of  continuing  opera- 
tion in  case  one  line  becomes  grounded.  That 
this  has  been  done  in  some  cases  is  unques- 
tioned. Reports  in  general,  however,  indicate 
that  this  operation  is  not  practicable  on  a  line 
of  high  voltage  or  great  length  because  of  (a) 
the  rise  in  voltage  on  the  ungrounded  lines 
causing  danger  of  breakdown  on  these  lines; 
(b)  the  increased  charging  current  and  corona 
due  to  the  increased  voltage  of  the  two  lines 
above  ground,  and  (c)  the  telephone  inter- 
ference due  to  the  unbalanced  electrostatic 
conditions,  which  experience  has  dem- 
onstrated makes  it  almost  impossible  to  oper- 
ate telephone  lines  in  the  vicinity  of  the  j^ower 
lines,  especially  the  power  company's  own 
telephone  system. 

Experience  has  shown  that  arcing  grounds 
on  an  isolated  neutral  system  usually  results 
in  insulator  breakdowns  on  one  of  the  un- 
grounded lines,  which  may  be  followed'  by 
secondary  breakdowns  at  other  points  on  the 
system.  A  ground  on  an  isolated  neutral  sys- 
tem usually  results  in  an  arcing  ground  as  the 
ground  originally  takes  place  by  arcing  over 
an  insulator,  the  charging  current  of  the  line 
discharging  into  the  ground.  The  combina- 
tion here  of  capacitance,  inductance  and  arc 
produces  an  arcing  or  oscillating  ground, 
which  is  capable  of  producing  very  high  over- 
voltages  on  the  ungrounded  phases.  Often 
this  results  in  breakdowns  on  several  feeders, 
either  simultaneously  or  successivel}-,  and 
several  switches  may  trip  out  on  different 
parts  of  the  system,  in  which  case  there  is  no 
definite  manner  of  quickly  selecting  the  faulty 
line  to  clear  the  cause  of  the  trouble. 

A  ground  on  a  grounded  neutral  system,  on 
the  other  hand,  produces  only  a  short  circuit, 
which  causes  a  reduction  of  voltage  on  the 
shorted  leg  and  produces  no  over-voltage  on 
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tlu'  iin^rmmdiil  pliasrs.  In  llir  casi'  of  a 
j^rouiuk'il  in'iitral  sxsli'iii,  ihcri'  will  oi'ciir 
prai'tically  as  many  first  cases  of  lino  failure, 
such  as  breakdown  of  insulators  or  oilier  ap- 
paratus, but  as  soon  as  one  phase  liecomes 
{^rounded  there  is  a  short  circuit  on  one  leu  <'f 
the  jjrounded  neutral  transformer  and  a  re- 
duction in  \-oUa};e  on  all  three  i)hases  due  to 
armature  reaction  in  the  f^cneralors,  which 
causes  no  over-voltage  stress  on  any  part  of 
the  system.  In  consequence,  secondary 
breakdowns  are  ahnost  unknown  on  a  j:;rounded 
neutral  system.  Most  of  the  troubles  on  a 
grounded  neutral  system  will  be  confined  to 
one  ])oint  and  the  current  in  the  short  circuit 
flows  over  ilefinite  and  known  paths  which 
makes  it  possible  automatically  to  select  the 
line  in  trouble  and  save  the  service  on  the  re- 
mainder of  the  system.  Selective  action  by 
relays,  therefore,  becomes  more  jjositive  with 
this  connection.  For  these  reasons  the 
grounded  neutral  system  is  finding  more  and 
more  favor  with  operating  companies. 

Operation  with  grounded  neutral  lends  it- 
self most  readily  to  netw-orks  where  a  section 
of  line  in  trouble  may  be  isolated  without 
cutting  off  the  service  from  the  customers. 
On  single  circuit  transmission  systems  it  is  not 
desirable  to  cut  off  the  line  every  time  a  ground 
occurs  and  for  this  reason  such  systems  are 
usually  operated  with  isolated  neutral. 

Even  here,  however,  the  advantages  of  the 
isolated  neutral  are  doubtful.  Hanging  on  to 
a  ground  in  order  to  avoid  interruption  to 
service  frequently  results  in  destruction  of  the 
insulator  or  a  burned-off  conductor.  This  un- 
doubtedly causes  a  more  serious  interruption 
than  would  be  experienced  if  the  line  were 
pulled  off"  at  once  and  then  put  back  into 
service  immediately. 

At  the  Pittsfield  meeting  of  the  A.I.E.E.  in 
May,  1914,  the  writer  analyzed  with  respect 
to  isolated  or  grounded  neutral  a  list  issued  by 
the  Electrical  World  of  systems  70,000  volts 
and  above.  This  analysis  showed  of  thirty- 
five  systems  in  North  America,  eighteen  with 
grounded  neutral  and  of  nineteen  systems  in 
the  remainder  of  the  world,  six  with  grounded 
neutral.  It  is  interesting  to  compare  these 
figures  with  similar  figures  of  system^s  at 
the  present  time.  Of  fifty  separate  systems 
in  North  America,  thirty-two  have  grounded 
neutral  and  of  twenty-two  systems  in  the  re- 
mainder of  the  world,  ten  have  grounded 
neutral.  Thus,  a  gain  is  shown  in  both  cases, 
not  only  in  the  absolute  number  of  grounded 
neutral  systems,  but  in  the  percentage  of  the 
total. 


This  increase  is  brought  about  partly  by 
changes  in  systems  that  jireviously  had 
isolated  neutrals  and  jiartiy  by  new  systems. 
Among  the  systems  that  changed  from  iso- 
lated to  grounded  neutral  may  be  mentioned 
the  Utah  Power  He  Light  Co.  operating  at 
i:j(),(l()0  volts  and  the  Montana  Power  Com- 
pany, o])eraling  at  lOli.OOO  \olls.  (Jur  records 
show  the  following  foreign  systems  which  were 
given  in  the  1!)I4  list  with  isoiatefl  neutral 
now  operating  with  grounded  neutral:  Ebro 
Irrigation  &  Power  Co.,  110, 000  volts;  Chile 
lixploration  Co.,  110,000  volts;  and  Encrgia 
Electrica  de  Cataluna,  SS,000  volts.  The  fol- 
lowing new  systems  have  grounded  neutral : 
Aluminum  Company  of  America  (Tallassee 
Development)  150,000  volts;  American  Gas  & 
Electric  Co.,  1. '58, 500  volts;  Wisconsin-Minne- 
sota Light  &•  Power  Co.,  120,000  volts;  Vir- 
ginia Rwv.  &-  Power  Company,  110,000  volts; 
Washington  Water  Power  Co.,  110,000  volts; 
and  the  Andhra  Vallev  Power  Supplv  Co., 
100,000  volts. 

The  follow^ing  systems  which  were  formerly 
grounded  through  resistance  have  made 
changes  in  their  arrangement;  Southern 
Power  Company,  from  resistance  ground  to 
direct  ground;  Shawinigan  Water  &  Power 
Co.,  from  120  ohms  at  the  pow-er  station  to  di- 
rect ground  at  both  ends  of  the  line;  Hydro- 
Electric  Power  Commission  of  Ontario,  from 
high  resistance  of  approximately  5000  ohms 
to  100  ohms  w-ater  resistance.  The  Turners 
Falls  Power  &  Electric  Co.,  w-hich  is  almost 
in  the  70,000  volt  class,  has  changed  from 
isolated  neutral  to  direct  grounded  neu- 
tral. 

In  most  cases  one  grounded  neutral  is  con- 
sidered sufficient.  This' is  usually  at  the  gen- 
erating station.  If,  owing  to  the  transformer 
connections,  it  is  not  feasible  to  ground  at  the 
generating  station,  then  the  ground  is  usually 
placed  at  some  centrally  located  sub-station. 
This  was  done,  among  others,  on  the  system.s 
of  the  Montana  Power  Company  and  the  Utah 
Power  &  Light  Company.  The  Turners  Falls 
Power  &  Electric  Co.  ground  at  a  standby 
steam  plant,  the  ground  being  kept  on  at  all 
times  even  though  the  steam  plant  is  not  run- 
ning. The  direction  of  current  flow  in  case  of 
a  ground  on  the  line  is  different  with  the  sub- 
station neutral  grounded  than  with  the  gen- 
erator neutral  grounded.  Nevertheless,  the 
relaying  is  practically  the  same  and  seems 
to  give  equally  good  results.  A  discussion 
of  the  direction  of  flow  of  current  with 
substation  neutrals  grounded  and  the  selec- 
tion of  the  proper  size  of  grounding  trans- 
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former  was  given  in  a  previous  niimber  of 
the  Review.* 

Two  or  more  grounded  neutrals  are  some- 
times employed.  This  is  to  insure  that  even 
though  part  of  the  system  is  cut  off  by  trouble 
or  otherwise,  the  remainder  of  the  system  will 
still  have  a  grounded  neutral.  It  also  has  the 
effect  of  redticing  the  length  and  impedance 
of  the  path  for  the  short  circuit  current  and 
insures  that  the  grounded  line  is  brought  to 
approximately  zero  potenial  from  the  acci- 
dental ground  to  the  grounded  transformer. 
The  ground  current  will  cause  telephone  inter- 
ference in  case  of  a  short  circuit  if  either  one 
or  the  two  grounded  neutrals  are  used,  possibly 
more  severe  in  the  latter  case  but  also  of 
shorter  duration.  Of  course  a  ground  on  an 
isolated  neutral  system  would  also  produce 
telephone  interference. 

The  question  arises  whether  under  normal 
operation  there  will  be  a  circulating  current 
between  the  two  grounded  neutrals  sufficient 
to  produce  telephone  interference.  If  the 
low  voltage  side  of  the  transformers  is  con- 
nected delta,  this  is  not  probable,  although 
there  have  been  some  cases  reported  in  which 
even  with  this  delta  winding  neutral  currents 
have  circulated  of  sufficient  magnitude  to 
cause  serious  disturbance.  A  circulating  cur- 
rent could  be  produced  from  one  of  three 
causes:  (a)  An  unbalanced  voltage  due  to  a 
difference  in  the  three  legs  of  the  transformer, 
(b)  an  unbalanced  current  due  to  single-phase 
load;  (c)  a  difference  in  the  characteristics  of 
the  transformers  at  each  end  of  the  line,  re- 
sulting in  a  small  residual  third  harmonic 
voltage.  In  (a)  and  (b)  the  ground  current 
would  be  of  normal  frequency,  and  in  (c)  of 
three  times  normal  frequency. 

In  case  Y-Y  transformers  were  used  with 
grounded  neutral  and  there  was  a  Y-delta 
bank  on  the  system  with  grounded  neutral, 
then  there  Would  circulate  between  the  trans- 
formers the  third  harmonic  magnetizing  cur- 
rent of  the  Y-Y  bank.  vSuch  a  connection  is 
very  seldom  encountered  in  this  country. 
Three-phase  transformers  of  the  three-legged 
core  type  greatly  reduce  the  amount  of 
third  harmonic  magnetizing  current  re- 
quired, and  hence  reduce  the  circulating 
current  that  can  be  obtained.  If  it  is 
necessary,  therefore,  to  use  a  Y-Y  con- 
nection for  any  reason,  then  the  trans- 
formers should  be  of  the  three-phase,  three- 
legged  core  type,  or  else  a  tertiary  delta 
winding  should  be  provided  to  take  care  of  the 
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third  harmonic  magnetizing  current.  It  is 
well  even  if  a  three-legged  core  type  trans- 
former is  used  to  have  the  tertiary  winding 
also  as  a  precautionary  measure. 

A  number  of  systems  are  operating  with 
more  than  one  neutral  ground.  Among 
these  may  be  mentioned  the  New  England 
Power  Company,  the  Alabama  Power  Co., 
the  Shawinigan  Water  &  Power  Co.  and  the 
Pacific  Gas  &  Electric  Company.  The  evi- 
dence as  to  the  value  of  this  operation  and  as 
to  the  danger  of  telephone  interference  is  not 
at  all  concktsive.  Where  so  many  variable 
factors  are  involved  and  local  conditions 
govern  so  largely,  experience  is  more  valuable 
than  theory  and  so  like  many  another  problem 
in  power  transmission,  this  question  is  being 
worked  out  in  practice. 

Telephone  Interference 

The  matter  of  interference  of  power  systems 
with  communication  circuits  has  received  a 
great  deal  of  attention  in  the  past  few  years. 
This  matter  has  been  most  thoroughly  in- 
vestigated by  the  Railroad  Commission  of  the 
State  of  California  through  its  Joint  Com- 
mittee on  Inductive  Interference.  The  con- 
clusions of  this  committee  were  embodied  in  a 
final  report  issued  last  year. 

General  experience  has  shown  little  interfer- 
ence from  three-phase  power  systems.  What 
interference  has  been  experienced  has  been 
due  mostly  to  single-phase  sj^stems  and  direct- 
current  railway  circuits  with  a  very  small 
amount  of  trouble  due  to  circulating  currents 
between  grounded  neutrals  on  three-phase 
power  systems.  As  a  rule,  the  three-phase 
currents  and  voltages  are  fairly  well  balanced 
and  this  coupled  with  the  fact  that  the  com- 
munication circuits  are  usually  well  removed 
from  the  power  circuits  renders  danger  of  inter- 
ference slight.  In  the  single-phase  and  direct- 
current  circuits  the  interference  results  from 
slot  harmonics,  which  are  usually  taken  care 
of  by  resonant  shunts  at  the  terminals  of  the 
machines.  Modern  machines  are  designed 
so  that  the  slot  harmonics  are  a  negligible 
quantity.  Where  there  is  danger  of  inter- 
ference it  is  possible  in  most  cases  to  so  ar- 
range the  telephone  circuit  that  such  danger 
is  reduced  to  a  minimum. 

Such  questions  as  arise  are  usually  satis- 
factoril}^  worked  out  by  co-operation  between 
the  power  and  telephone  companies.  Both 
companies  recognize  the  fact  that  their  serv- 
ice is  necessary  to  the  public  and  that  they 
should  get  along  with  as  little  interference 
with  each  other  as  possible. 
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Lightning  Protection 

LiKlitnin^c  iirolccliuii  lias  ijroj^rfsscd  willi 
tlio  roniaiiuk-r  of  the  art.  'Vhv  aluminuin  cell 
aiTostcr  coiUiniies  to  bo  the  staiularil  for  trans- 
mission voltages.  Tlie  ellicieney  of  these  ar- 
resters has  been  greatly  imiiroved  by  in- 
creasing the  speed  of  the  gaps  by  the  use  of 
spheres.  The  oxide  iihn  arrester  is  coming 
into  use  for  the  moderate  voltages  and  at 
locations  where  the  charging  of  aluminum  ar- 
resters would  Ix"  a  hardshij).  The  high  fre- 
quency absorber  has  proved  its  value  in  a 
number  of  installations. 

There  has  been  manifested  a  tendency  to 
omit  lightning  arresters  in  some  instances,  for 
example,  when  tapping  oil  a  high  voltage  line 
for  a  small  power  load.  Here  it  is  necessary 
to  keep  the  cost  of  installation  down  to  a 
minimum  in  order  for  the  substation  to  pay. 
Kxtra  insulated  transformers  have  been  used 
in  these  cases,  but  the  safety  of  the  venture  is 
still  to  be  proved.  As  an  alternative  to  these 
expensive  high  voltage  stations  a  number  of 
operating  companies  nm,  wherever  feasible, 
secondarv  distribution  circuits  of  33,000, 
44,000  or  6t;,000  volts,  finding  it  cheaper  to 
run  such  lines  and  install  substations  on  them 
than  to  install  substations  on  the  high  voltage 
line,  even  though  that  line  passes  by  the  sub- 
station. In  discussing  a  proposed  220-kv. 
line  a  recent  writer*  advocated  the  entire 
omission  of  lightning  arresters.  The  wisdom 
of  such  a  policy  is  problematical  and  must  be 
determined  in  the  future. 

There  is  this  to  be  said  for  such  practice: 
The  apparatus  on  a  220-kv.  line  will  be  insu- 
lated for  at  least  350.000  volts.  It  is  probable 
that  insulation  of  this  strength  will  be  able 
to  withstand  all  usual  voltages  induced  bj' 
lightning.  Direct  strokes  are  rare  and  fre- 
quently result  in  breakdowns  in  spite  of  pro- 
tective apparatus. 

High  frequency  and  steep  wave  front  dis- 
turbances resulting  from  switching,  arcing 
grounds,  charging  lightning  arresters  without 
resistance,  etc.,  act  to  build  up  voltage 
against  the  end  turns  of  transformers.  The 
causes  of  such  disturbances  are  largely 
eliminated  by  judicious  switching,  grounding 
the  neutral  and  charging  arresters  through 
resistance,  and  those  that  remain  are  as  a  rule 
amply  cared  for  by  the  extra  insulated  end 
turns  of  modem  transformers. 

The  question  resolves  itself  into  one  of  tak- 
ing a  chance  on  the  possibility  of  breakdown 
due  to  a  disturbance  of  unforeseen  severity 
rather  than  undergoing  the  large  expense  in- 
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volved  in  protective  ajiparatus  ff)r  this  high 
voltage.  The  geographical  and  climatic  con- 
ditions must  also  have  their  influence  on  the 
decision  reached. 

So-called  "static"  potential  frequently 
causes  breakdown  on  the  low  voltage  side, 
either  in  generating  stations  or  substations. 
This  is  jjotential  induced  through  the  elec- 
trostatic cai)acitance  of  the  transformers  and 
results,  usually,  from  an  unbalanced  condi- 
tion on  the  high  voltage  side,  such  as  a  ground 
on  the  line,  one  of  the  three  line  switches  clos- 
ing before  or  after  the  others,  etc.  Such 
static  potential  is  usually  protected  against 
by  a  combination  of  an  aluminum  cell  light- 
ning arrester  and  a  surge  absorber.  The  latter 
consists  of  a  condenser  in  series  with  a  re- 
sistance connected  directly  to  the  bus  without 
a  gap  in  series.  This  absorber  acts  as  a  con- 
stant drain  to  any  static  that  may  appear  on 
the  bus,  thus  preventing  the  static  from  gradu- 
ally eating  into  and  destroying  the  insulation 
of  the  generator  windings,  etc.  Tf  a  dis- 
turbance or  charge  of  unusually  high  potential 
should  appear  on  the  busbars,  the  aluminuin 
cell  arrester  would  act  through  its  horn  gap  to 
reduce  the  potential.  The  horns  of  the 
aluminum  cell  arrester  also  act  to  limit  the 
voltage  that  can  be  impressed  across  the  con- 
denser. Such  a  combination  has  also  been 
used  to  good  advantage  in  substations  on 
cable  systems,  at  the  junction  of  overhead 
lines  and  cables,  and  on  busses  to  which  over- 
head lines  are  brought  directly  without  trans- 
formers inter\-ening.  The  absorber  takes  care 
of  low  voltage,  high  frequency  disturbances 
and  static  and  the  arrester  takes  care  of  low- 
frequency,  high  voltage  disturbances.  In 
some  special  cases  the  aluminum  cell  arrester 
has  been  eliminated  and  the  condenser 
shunted  by  a  horn  gap.  the  combination 
being  in  series  with  a  resistance.  The  high 
frequency  takes  the  direct  path  through  the 
condenser  and  resistance  and  the  low  fre- 
quency high  voltage  passes  over  the  horns  and 
through  the  resistance.  Such  a  combination 
has  the  advantage  that  the  impedance  of  the 
condenser  varies  inversely  as  the  frequency, 
so  that  the  higher  the  frequency  the  greater 
the  discharge  through  the  absorber. 

Absorbers  have  been  developed  for  6600, 
13,200  and  22,000  volts.  Among  the  systems 
on  which  they  have  been  installed  are  the 
Narragansett  Electric  Light  Co..  Montreal, 
Light  Heat  &  Pr.  Co.,  American  Gas  &  Elec- 
tric Co..  Tallassee  Power  Co..  Fall  River 
Shipbuilding  Co.,  Montreal  Tramways  Co. 
and  Blackstone  Gas  &  Electric  Co. 
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Arcing  Ground  and  Short  Circuit  Suppressors 

Devices  for  suppressing  arcing  grounds  and 
short  circuits  have  been  in  use  to  a  limited  ex- 
tent. These  operate  on  the  principle  that 
when  a  ground  occurs  at  any  point  on  the  line, 
such  a  ground  usually  being  due  to  an  arc  over 
an  insulator,  another  and  positive  ground  is 
placed  on  the  same  conductor  just  outside  the 
station.  The  potential  of  this  conductor  is 
thus  dropped  to  zero  and  the  arc  becomes  ex- 
tinguished. 

The  arcing  ground  suppressors  are  used  on 
isolated  neutral  systems.  On  some  systems, 
especially  of  low  or  moderate  voltage,  they 
work  very  well.  On  others  of  higher  voltage 
and  lower  safety  factor  the  artificial  ground 
created  at  the  station  on  one  conductor  raises 
the  potential  above  ground  of  the  other  con- 
ductors to  such  an  extent  that  one  of  them 
arcs  over,  the  operation  being  repeated  until 
the  switch  locks,  if  it  is  a  switch  type  of  sup- 
pressor, or  until  all  of  the  fuses  blow  if  it  is  the 
fuse  type  of  suppressor. 

The  short  circuit  suppressor  is  used  on  a 
grounded  neutral  system.  The  danger  here  is 
that  when  the  artificial  ground  at  the  station 
is  removed  either  by  opening  a  switch  or  blow- 
ing a  fuse  the  sudden  opening  of  the  dead 
short  circuit  at  the  station  causes  a  rise  in 
voltage,  which,  in  turn,  is  liable  to  cause  an- 
other arc-over  and  short  circuit.  This  second 
arc-over  may  take  place  between  the  sup- 
pressor and  the  station  and  therefore  not  be 
capable  of  being  extinguished  by  the  sup- 
pressor. Again,  the  suppressors  have  a  limited 
range,  especially  on  a  network  which  is  fed  by 
a  number  of  generators  at  different  points,  and 
in  this  case  several  suppressors  are  necessary 
to  take  care  of  arcs  at  different  points  on  the 
system. 

The  main  object  of  these  devices  is  to  sup- 
press the  arc  before  it  damages  the  insulators. 
On  a  grounded  neutral  system  this  can  be  done 
as  quickly  and  positively  by  relays.  On  an 
isolated  neutral   system  the  relays  will  not 


operate  until  there  is  a  short  circuit.  On  such 
systems  there  is  some  basis  for  consideration  of 
the  suppressor.  Even  here,  however,  it  is 
necessary  to  investigate  thoroughly  the  condi- 
tions before  using  them.  Although  good  re- 
sults have  been  obtained  with  suppressors  on 
a  few  systems,  sufficient  experience  has  not 
been  obtained  with  them  to  warrant  their 
general  adoption. 


ERRATUM 


In  the  illustration  for  Fig.  1  of  the  arti- 
cle, "Calculation  of  Short-circuit  Currents 
in  Alternating-current  Systems,"  by  W.  W. 
Lewis,  in  our  February,  1919,  issue  (p.  141), 
there  was  through  error  no  electrical  junction 
shown  between  the  circuits  crossing  immedi- 
ately below  the  letter  A.  The  corrected  dia- 
gram for  this  illustration  is  shown  here. 
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Effects  of  Short  Circuits  on  Power  House 
Equipment 

By  E.  Ci.  Mekrick 
Power  and  Minim;  ICnoinkerinc;  Dki-artmknt,  Gknkrai.  Ri.kctric  Company 

The  widespread  tendency  toward  the  interconnection  of  power  systems  and  the  development  of  generating 
stations  of  capacities  measured  by  the  hundreds  of  thousands  of  kilowatts  has  created  grave  problems  in 
properly  handling  the  vast  amounts  of  energy  which  can  be  concentrated  in  a  single  fault.  In  dealing  with 
this  class  of  problems,  the  author  draws  on  considerable  experience  to  analyze  troubles  which  are  likely  to 
occur  in  power  house  equipment  due  to  the  electro-magnetic  stresses  and  abnormal  temperatures  resulting 
from  short-circuit. — Editor. 

The  demands  made  upon  electric  power 
systems,  as  rej^ards  the  quaHty  of  ser\-ice 
rendered,  are  becominj^  more  and  more  exact- 
ing. Whether  the  power  is  developed  for 
public  or  private  use,  continuity  of  service 
must  be  maintained  in  so  far  as  it  is  possible 
to  do  so. 

In  order  to  meet  this  condition,  there  must 
be  no  weak  link  in  the  chain  of  apparatus 
constituting  the  plant  equipment;  each  piece 
of  apparattis  must  be  adequate  for  the  duty 
to  which  it  is  subjected. 

In  the  case  of  new  installations,  whose 
ultimate  capacity  is  fixed,  there  should  be  no 
difficulty  in  selecting  the  proper  equipment. 
The  greater  problem  lies  with  plants  whose 
installed   capacity-  has    grown   by   successive 


Fig.  1.     Oscillogram  of  a  3-phase  Short  Circuit  on  a  2-poIe, 

9375-kv-a..  1800-r.p.m..  7200-volt  Revolving  Field 

Turbine  Alternator.      Armature    currents 

are  shown  for  all  three   phases 

additions  until  it  greatly  exceeds  the  original 
contemplated  limits.  In  such  cases,  it  is  almost 
certain  that  some  of  the  older  apparatus  is  no 
longer  suitable  and  constitutes  a  menace  to 
reliable  operation. 

♦See  article  by  R.  E.  Doherty.  General  Electric  Review. 
August.  1918.  and  paper  by  Hewlett.  Burnham.  and  Mahoney. 
A.I.E.E..  February.  1918. 


If  normal  conditions  could  be  maintained 
at  all  times,  the  danger  of  failure  of  any  part 
of  the  plant  equipment  would  be  very  remote. 
Abnormal  conditions  are  certain  to  arise  at 
some  time,  however,  and  it  is  against  those 
that  full  protection  is  required. 

The  object  of  this  article  is  to  point  out  the 
dutj'  imposed  on  various  apparatus  during 
those  transient  periods.  This  may  ser\-e  as  a 
guide  to  the  proper  selection  of  equipment 
for  new  installations  and  as  a  caution  against 
the  overtaxing  of  that  which  has  already  been 
installed. 

Generators 

If  an  alternating  current  generator  is  sud- 
denly short  circuited  at  its  terminals  when 
operating  at  normal  voltage,  an  abnormal 
condition  results  as  shown  in  Fig.  1.  The 
armature  current  rises  almost  instantly  to  a 
value  limited  mainly  by  the  transient  react- 
ance and  gradually  dies  down  to  a  sustained 
value  determined  by  the  synchronous  imped- 
ance. The  characteristic  variable  displace- 
ment of  the  current  in  the  different  phases 
with  respect  to  the  zero  axis,  shown  by  the 
oscillogram,  depends  on  the  period  of  the  volt- 
age wa\'e  at  which  the  short  circuit  occurs.* 

The  transient  current  in  the  armature 
windings  not  only  causes  abnormal  heating  of 
the  copper,  but  also  produces  forces  of  repul- 
sion or  attraction  between  coils  far  in  excess 
of  those  dtte  to  the  normal  current.  These 
stresses  vary  as  the  square  of  the  current  and 
at  the  instant  of  short  circuit  may  be  several 
hundred  times  their  normal  values. 

Experience  gained  from  the  results  of  actual 
short  circuits  has  led  to  various  methods  of 
bracing  the  armature  coils  so  as  to  obtain 
sufficient  rigidit}'  to  prevent  deformation. 

The  transient  short-circuit  current  in  the 
armature  produces  in  turn  a  transient  alter- 
nating current  and  voltage  in  the  field  winding 
as  shown  in  Fig.  3.  The  induced  field  poten- 
tial may  be  greatly  in  excess  of  the  normal 
direct-current   voltage  and  sufficient   insula- 
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tion   must   therefore   be   provided   to   insure 
against  a  failure  to  ground. 

The  danger  of  damage  to  the  field  insulation 
can  be  lessened  by  the  installation  of 
aluminum  cells  connected  across  the  field 
terminals.     These  act   as  a  safety  valve  by 


Fig.  2.      An  Early  Type  of  Turbine  Alternator  Armature  with 

Insufficient  Bracing  of  the  End  Windings,  showing 

effects  of  short  circuit  at  normal  voltage. 

Note  grouping  of  coils  by  phases 

limiting  the  induced  voltage  to  the  value  at 
which  the  cell  films  break  down.  This  addi- 
tional protectien  is  sometimes  recommended 
for  early  types  of  machines  which  have  given 
trouble,  but  it  is  not  usually  considered  nec- 
essary for  generators  of  modern  design. 

If  the  source  of  driving  power,  i.e.,  water, 
steam,  gas,  etc.,  could  be  interrupted  at  the 
moment  of  short  circuit  and  there  was  no 
kinetic  energy  in  the  rotating  parts,  the  latter 
would  stop  revolving  instantly  due  to  the 
locking  action  of  the  fiux  on  the  field  structure 
and  to  the  PR  loss  in  the  armature  circuit. 
As  the  tendency  to  stop  is  resisted  by  the 
sources  of  energy  mentioned,  intermittent 
stresses  are  induced  in  the  shafts,  rotor  arms, 
coupling  bolts,  pole  fastenings,  foundation 
bolts,  etc.,  due  to  the  transforming  of  me- 
chanical energy  into  electro-magnetic  energy 
and  vice  versa  with  varj'ing  positions  of  the 
field  poles  relative  to  the  armature.  Although 
the  ratio  of  transient  stress  to  normal  stress 
in  these  parts  may  not  be  as  high  as  in  the 
armature  coils,  experience  has  shown  the 
necessity  of  liberal  design  factors  to  prevent 
undue  strains. 

Generally  speaking,  alternators  of  modern 
design  are  subject  to  lower  stresses  during 
short-circuit  conditions  than  earlier  types  of 


machines  of  similar  rating.  The  close  voltage 
regulation  demanded  in  the  past  resulted  in 
lower  values  of  transient  and  synchronous 
reactance  and  hence  higher  values  of  short- 
circuit  current  than  those  realized  at  present 
with  regulation  limitations  removed. 

While  a  generator  may  be  designed  with 
ample  factors  of  safety  to  withstand  the 
effects  of  short  circuits  occurring  at  its  ter- 
minals, when  operating  at  full  rated  voltage, 
it  is  possible  for  the  operator  to  subject  it  to 
even  more  severe  conditions.  This  m.ay  hap- 
pen if  an  alternator  is  paralleled  considerably 
out  of  phase  with  a  much  larger  source  of 
power.  Carelessness  in  synchronizing  has 
thus  resulted  in  serious  damage  to  the 
incoming  machine. 

The  sustained  short-circuit  current  of  an 
alternator  corresponding  to  the  excitation  for 
full  load  and  O.S  power-factor  usually  reaches 
a  value  two  or  three  times  the  normal  rated 
current.  If  this  condition  is  maintained,  it  is 
obvious  that  the  armature  winding  will  be 
subjected  to  abnormal  heating.  Automatic 
protection  is  therefore  required  for  discon- 
necting faulty  feeders  from  the  bus  before  the 
coil  insulation  is  endangered. 

As  generator  switches  are  ordinarily  non- 
automatic  as  regards  disturbances  external  to 
the  machine,  a  failure  in  the  bus  or  in  the 
generator  leads  necessitates  hand  operation 
of  the  generator  switch  at  the  earliest  possible 


Fig.  3.      Oscillogram  Accompanying  that  of  Fig.  1,  showing 

Transient  Field   Current   (upper  curve)   and 

Transient  Field  Voltage  (lower  curve) 

moment.  Differential  relays  are  provided  in 
certain  cases  which  are  actuated  only  in  case 
of  internal  generator  trouble.  For  this  con- 
dition, the  generator  switch  becomes  auto- 
matic and  disconnects  the  machine  instantly 
from   the   bus;   at  the  same   time,   the  field 
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circuit  is  opened,  thus  "killing"'  tlie  machine 
completely.  As  fires  once  started  in  generator 
insulation  may  continue,  due  to  the  strong 
ventilation  produced  by  the  rotor,  it  is  some- 
times considered  ad\isal)le  to  install  special 
fire  extinguishing  eciuii)nient.  This  ajjplies 
almost  exclusively  to  high-si)eed  totally  en- 
closed machines,  which  continue  to  revolve  for 
a  considerable  time  after  all  power  is  cut  off 
and  whose  windings  are  inaccessible.  The 
equipments  generally  recommended  consist 
of  piping  for  the  admission  of  water  spray  or 
steam.* 

Voltage  Transformers 

If  voltage  is  applied  to  the  primary  winding 
of  a  transformer  and  the  secondary  is  suddenly 


Fig.  4.     Transformer  Tested  to  Point  of  Mechanical  Failure 
Under  Abnormal  Short-circuit  Conditions.    Trans- 
formers of  weaker  construction  may  be 
similarly  damaged  by  short-circuit 
stresses  due  to  normal 
impressed  voltage 

short  circuited,  the  resulting  current  will  tend 
to' force  the  individual  coils  into  a  circular 

'  '*rSee  article  by  M.  A.  Savage.  General  Electric  Review. 
January.  1918.  and  the  Report  of  the  Committee  on  Electrical 
Apparatus  presented  at  the  Atlantic  City  Convention  of  the 
N.E.L.A..  May,  1919. 


shajjc  and  will  also  produce  fijrces  of  attraction 
or  reijulsion  between  the  coils.  If  the  wind- 
ings are  originally  of  circular  form,  the  internal 
forces  in  each  being  radial  and  equal,  there  is 
little  possibility  of  deformation  ])rovide(l  the 
tensile  strength  of  the  copper  is  not  exceeded. 
By  a  projier  arrangement 
of  si)acers  between  coils 
and  rigid  clamping,  the 
danger  of  axial  displace- 
ment of  the  coils  and 
crushing  of  the  windings 
can  also  be  avoided. 

Modern  transformers  are 
generally  guaranteed  to 
withstand  mjamentarily  the 
effects  of  sudden  short 
circuit  at  their  secondary 
terminals  with  full  sus- 
tained primary  voltage. 
The  fulfillment  of  this 
guarantee  is  a  matter  of 
proper  construction  for 
which  only  the  designer  is 
responsible.  The  sustained 
application  of  a  short  cir- 
cuit, however,  will  quickly 
cause  abnormal  heating 
which  may  damage  the 
transformer  insulation ;  it 
is  therefore  the  province 
of  the  operator  to  pro\-ide. 
and  to  maintain  in  good 
condition,  the  proper  auto- 
matic devices  for  interrupt- 
ing the  short  circuit  with 
the  least  possible  delay 
consistent  w-ith  continuity 
of  ser\-ice. 

As  in  the  case  of  gen- 
erators, the  short-circuit 
duty  of  the  modem  trans- 
former has  been  lessened 
due  to  the  less  rigid  con- 
ditions imposed  regard- 
ing close  voltage  regula- 
tion. 

The  guarantee  mentioned,  while  given  gen- 
erally for  all  transformers,  is  of  particular 
interest  only  as  applied  to  units  of  very  small 
kilovolt-ampere  capacity  as  com_pared  w-ith 
that  of  the  system  in  w^hich  they  are  used. 
The  larger  and  more  important  transformers 
on  the  s>"stem  will  ncA-er  be  required  to  meet 
this  extreme  condition,  for  the  reason  that 
their  reactance  is  relatively  lower  compared 
with  the  total  reactance  determining  the 
short-circuit  current. 


Fig-  5.  Vertical  Ar- 
rangement of  Bus- 
bars with  Supports 
One  Above  the 
0;her 
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Oil  Circuit  Breakers 

The  duty  imposed  on  oil  switches  under 
short  circuit  conditions  is  one  of  the  most 
important  and  difficult  ph&ses  of  this  general 
subject.  Recent  collaboration  of  the  leading 
American  switch  manufacturers  has  resulted 
in  a  greatly  increased  general  knowledge  of 
the  factors  which  are  involved  and  the  data 
which  have  been  published*  furnish  a  far 
more  exact  basis  for  the  proper  selection  of 
breakers  than  existed  heretofore.  Recent 
European  projects  for  the  development  of 
large  power  stations  and  the  formation  of 
system  networks  far  more  extensive  than  any 
heretofore  considered  have  also  awakened 
considerable  interest  among  foreign  engineers 
in  this  subject. 

On  account  of  the  accessibility  of  the  data 
mentioned,  it  is  unnecessary  to  present  it  in 
detail  at  this  time.  The  discussion  of  the 
selection  of  circuit  breakers  was  limited,  how- 
ever, to  the  duty  imposed  at  the  instant  of 
parting  of  the  switch  contacts.  Later  inves- 
tigations have  shown  that  the  initial  values 
of  current  must  also  be  considered  on  account 
of  the  high  mechanical  stresses  which  they 
produce,  due  to  the  tendency  of  all  current 
loops  to  assume  a  circular  shape. 

From  the  operating  standpoint  it  must  be 
borne  in  mind  that  every  circuit  breaker  has 
fairly  definite  limitations  as  regards  rupturing 
and  current  carrying  capacity,  and  that  initial 
arrangements  of  systems  and  also  future 
modifications  must  be  made  with  due  regard 
to  these  points  if  reliability  of  service  is  to  be 
maintained. 

Busbars 

Busbars  are  usually  constructed  of  bare 
copper  strips  which  are  supported  at  intervals 
of  several  feet  on  porcelain  posts.  The  spac- 
ing between  bars  and  the  height  of  the  insu- 
lator support  are  determined  mainly  by  the 
voltage  of  the  circuit. 

If  currents  are  flowing  in  two  adjacent  bars, 
forces  of  attraction  or  repulsion  are  produced 
depending  on  whether  the  currents  are  in  the 
same  or  opposite  direction.  In  either  case, 
the   instantaneous   value    of   the   force   F  is 

approximately   '■ — -^ lbs.  per  foot 

run;  where  /'  and  I"  are  the  instantaneous 
values  of  the  currents  and  d  the  spacing 
between  the  bars  in  inches.  The  relative  pro- 
portions of  conductor  width  and  height  intro- 

*  See  paper  by  Hewlett,  Mahoney.  and  Burnham.  Trans. 
A.I.E.E.,  February,  1919. 


duce  modifying  factors  but,  except  for  com- 
paratively small  values  of  d,  they  can  generally 
be  neglected. 

In  a  three-phase  circuit,  the  maximum  forces 
are  those  occurring  during  a  single-phase 
short  circuit  between  phases  and  the  preced- 
ing formula  applies ;  at  this  time  I'  =  J"  and 
as  they  are  in  opposite  directions  the  force 
exerted  between  bars  is  that  of  repulsion. 

The  value  F  multiplied  by  the  distance  in 
feet,  L,  between  supports  gives  the  total 
force  exerted  on  each  insulator  post. 

While  the  busbars  themselves  have  a  cer- 
tain amount  of  flexibility,  the  porcelain  sup- 
ports may  be  considered  to  have  practically 
none.  To  be  entirely  safe,  therefore,  in  the 
estimation  of  the  possible  stresses,  it  is  cus- 
tomary to  base  the  calculations  on  the  maxi- 
mum peak  value  of  current  corresponding 
to  a  totally  displaced  wave. 

As  an  example,  let  the  maximum  possible 
peak  value  of  current  be  100,000  amperes, 
d  =  \S  inches,  and  L  =  5  feet ;  then 

„     5.4X100,000^X10^     „„^  ,, 
F  = — =  300  lbs. 

lo 

per  foot  run  and 

FL  =  5X300  =  1500  lb. 

If  the  plane  of  the  conductors  is  parallel 
to  the  axis  of  the  supports,  see  Fig.  5,  the 
insulators  will  be  under  tension  and  com- 
pression; whereas  a  90  degree  relation  be- 
tween the  two,  see  Fig.  6,  will  subject  all  posts 
to  bending  moments.  Tests  made  under 
these  two  conditions  on  a  certain  type  of 
support  gave  breaking  values  of  FXL  in  the 
two  cases  of  2000  lb.  and  550  lb.  respectively; 
these  values  would  of  course  vary  with  dif- 
ferent designs. 

If  the  stresses  in  the  single  type  supports 
cannot  be  reduced  to  safe  amounts  without 
employing  excessively  large  posts  or  busbar 
spacings,  it  becomes  necessary  to  adopt  the 
more  expensive  "compression  type"  supports 
as  shown  in  Fig.  7.  With  this  arrangement  the 
porcelain  post  is  under  compression  only,  in 
which  sense  it  may  be  subjectedto  far  greater 
stresses  than  when  under  tension  or  shear. 

Single-conductor  feeders  may  be  considered 
as  extensions  of  the  supply  bus  and  are  sub- 
ject therefore  to  the  same  considerations  as 
outlined  for  the  bus  proper. 

Current-limiting  Reactors 

In  performing  their  well  understood  func- 
tion of  limiting  the  current  under  short-circuit 
conditions,  reactors  are  subjected  to  high 
vahies  of  transient  voltage  and  current  whose 


:i'i"i:("rs  oi'  sikum'  circii'is  on  I'owi-r  imrsic  icnrii'MicNT 


'.t.i!) 


oiTocls  must  111'  j;u;ir<iril  a;;;iinst  Ixitli  !)>• 
proper  (k'sij^ii  and  inslallalimi. 

Roactors  may  seldom  he  called  upon  for 
liroloction  but,  whcMi  this  docs  occur,  it  is 
necessary  to  place  absolute  confidence  in  their 
reliability.  The  cast-in-concrete  ty])c  of  con- 
struction has  ])ro\en  to  l)e  a  most  satisfactory 
one.  The  coils  beinj^  of  circular  shape,  there  is 
no  tendency  tt)  deformation  from  radial  forces, 
and  being  rij,'idly  supported  by  the  concrete 
at  sulliciently  frequent  intervals,  there  is  no 
danj:;er  of  mo\-ement  due  to  the  mutual  attrac- 
tion between  turns.  Furthermore,  no  fibrous 
or  orj^anic  material  is  used  for  insulation, 
which  eliminates  the  danj^er  of  charring  and 
consequent  deterioration  due  to  the  heating 
produced  by  the  short-circuit  currents.  The 
open  type  of  construction  also  permits  of  easy 
inspection  and  cleaning.  Transient  potentials 
l)ctween  the  top  and  bottom  layers  of  the 
reactor  may  be  many  times  the  normal  value, 
therefore  the  presence  of  any  magnetic  mate- 
rial— such  as  through-bolts — offers  a  possible 
source  of  failure;  this  is  obviated  in  the  con- 
crete construction. 

Reactors  are  generally  guaranteed  to  with- 
stand the  effects  of  short  circuits,  limited 
only  by  their  proper  reactance,  for  a  definite 
period  which  ma\'  be  from  two  to  five  seconds 
and  to  operate  normally  with  a  certain  tem- 
perature rise.  Such  guarantees  should  cover 
all  of  the  points  mentioned  above. 

As  there  are  also  forces  of  attraction  and 
repulsion  set  up  between  reactors,  they  must 
be  so  installed  as  to  prevent  any  movement 
during   short   circuit.      If   sufficient   space  is 


Fig.  6.     Horizontal  Arrangement  of  Busbars  with 
Supports  Parallel  to  Each  Other 

available,  this  condition  is  satisfied  by  proper 
spacing  of  the  coils;  otherwise  some  form  of 
bracing  must  be  used.  Connections  are  usu- 
ally made  so  that  the  maximum  forces  are 
those  of  attraction.  In  the  case  of  the  bracing 
shown  in  Fig.  8,  the  porcelain  separators  are 


therefore    subji('te<l    mainly    to   compression 
stresses. 

Single-phase  reactors  arc  sometimes  in- 
stalled one  above  the  other;  as  the  mutual 
forces  may  exceed  the  dead  weight,  provisi<jn 
must  be  made  not  only  for  preventing  move- 


Fig.  7.     Compression  Type  of  Busbar  Support  for 
Cell  Mounting 

ment  but  also  for  sufficient  strength  in  the 
supporting  I-beams,  or  other  structures,  to 
withstand  the  total  thrust. 

Formulas  have  been  developed  for  the 
calculation  of  the  mutual  forces  between 
reactors  and  these  agree  closely  with  actual 
measured  values,  but  on  account  of  the  data 
involved  they  are  not  suitable  for  general 
use.  The  results,  however,  can  be  obtained 
for  any  specific  installation. 

Current  Transformers 

In  many  cases  the  application  of  current 
transformers  has  been  based  solely  on  the 
normal  operating  conditions  of  the  circuits 
in  which  they  were  to  be  installed — the 
selection  being  governed  by  the  primary  volt- 
age and  load  current,  the  proper  current  ratio, 
and  the  volt-ampere  loading  of  the  secondary. 
The  fallacv  in  this  method  of  selection  lies  in 
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choosing  the  transformer  with  reference  only 
to  the  individual  circuit  in  which  it  is  to  be 
installed  and  not  with  reference  to  the  system 
of  which  the  circuit  is  a  part. 

If  several  feeders  of  different  ampere  capac- 
ities are  connected  to  a  common  bus  and 
short  circuits  occur  consecutively  one  after 
the  other,  the  actual  short-circuit  current  will 
be  the  same  in  each  instance — assuming  the 
reactance  between  the  bus  and  point  of  short 
circuit  to  be  equal  on  all  feeders — and  its  value 
will  be  determined  by  the  constants  of  the 
system.  The  ratio  of  this  current  to  the  nor- 
mal ampere  capacity  of  each  feeder  is  therefore 
a  variable  quantity.  Assume,  as  an  example, 
four  feeders  of  1000,  500,  100,  and  50-ampere 
ratings  and  a  short-circuit  current  in  each 
feeder  of  10,000  amperes;  then  the  ratios  of 
transient  to  normal  current  will  be  10.  20, 
100,  and  200  respectively. 


If  standard  transformers  of  primary  am- 
pere capacity  equal  to  that  of  the  circuit  in 
which  they  are  installed  are  unsuitable  to 
meet  transient  conditions,  others  of  higher 
current  ratio  may  sometimes  be  substituted; 
should  the  normal  secondary  currents  ob- 
tained with  the  latter  be  of  too  low  a  value 
to  give  accurate  instrument  indications,  how- 
ever, it  becomes  necessary  to  use  special 
transformers  having  the  correct  current  ratio 
and  of  greater  current  carrying  capacity  than 
the  standard  units.  It  is,  of  course,  possible 
to  reduce  the  short-circuit  current,  by  means 
of  reactors,  to  values  which  will  be  safe  in  all 
cases  for  the  standard  transformers,  but  this 
method  is  expensive  if  protection  of  the  cur- 
rent transformers  only  is  desired. 

The  failure  of  a  current  transformer  may 
not  of  itself  be  a  serious  matter,  but  contingent 
developments  may  be  disastrous.    The  loss  of 


ntal  Arrangement  of  Three  Single-phase  Reactors, 
al  spacing  requires  bracing  between  coils 


Each  design  of  current  transformer  is 
limited  in  the  amount  of  current  which  it 
can  safely  carry,  both  by  mechanical  stress 
and  heating  considerations,  and  their  selec- 
tion must  be  governed  accordingly.  For 
the  type  of  construction  in  common  use, 
the  A.I.E.E.  standards  recommend  that 
the  transformer  shall  stand  a  current  of 
forty  times  the  normal  rated  value  for  one 
second;  this  is  supposed  to  be  a  safe  limit 
within  which  the  compounds  used  will  not 
vaporize  and  will  therefore  prevent  porosity 
of  the  insulation.  For  the  same  tempera- 
ture rise  the  permissible  current  value  will 
vary  inversely  as  the  length  of  time  the 
current  is  applied.  On  the  basis  of  the 
above  recommendation,  therefore,  it  would 
be  expected  that  from  a  heating  standpoint 
the  transformer  would  stand  160  times  normal 
current  for  one  quarter  second. 


secondary  control  current  would,  for  instance, 
render  an  automatic  switch  inoperative  at  a 
time  when  it  should  function  and  this  might 
result  in  an  entire  loss  of  load  or  possibly  dam- 
age to  some  of  the  apparatus  from  overheating 
.before  the  fault}^  circuit  could  be  disconnected. 
Choke  Coils 

The  remarks  which  have  been  made  with 
reference  to  current  transformers  apply  in 
general  to  choke  coils  used  with  lightning 
arrester  equipments.  Installations  must 
therefore  be  investigated  to  ascertain  the 
possible  magnitude  of  the  short-circuit  tran- 
sients in  order  that  the  mechanical  stresses  in 
the  coils  shall  not  exceed  safe  values. 

Conditions  unsuitable  to  the  ordinary  hour- 
glass type  of  coil  require  special  constructions 
of  greater  rigidity;  in  extreme  cases,  it  may 
even  be  necessary  to  adopt  designs  similar  to 
those  of  current-limiting  reactors. 


I'l'icc'i's  oi'  siioKr  CIRC  I  IIS  ().\  iM)wi:k  iiolsi-:  icolii'Micxt 
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Disconnecting  Switches 

WluMV  l<nit'o-l)la(k'  (lisroniU'ctin)^  switi-lios 
arc  iiKHinU'il  horizoiitallx-  with  blades  (ii)(.'!iin),' 
(knvinvard,  it  is  custoinarN'  to  provide  locks 
which  hold  the  switch  securely  in  the  closed 
])ositioii;  otherwise,  if  suhjeoletl  to  vibration, 
the  blades  may  open  accidentally  due 
to  insufficient  pressure  of  the  clips. 

Rejjardless  of  the  i)osition  of  the 
switcli,  however,  i)osili\-e  lockinj,'  is  some- 
times required  to  meet  se\-ere  short-cir- 
cuit conditions.  It  has  already  been 
pointed  out  in  prccodin<^  jiaraj^raphs 
that  the  tendency  of  a  current  loo]j  is  to 
assmne  a  circular  form;  this  action  in 
the  rectanjjular  shaped  switch  circuit 
may  force  the  blade  outward,  unless 
held  as  mentioned. 

The  formula  giveti  under  the  section 
on  "Busbars"  can  be  applied  equally  to 
the  parallel  switch  blades  of  the  differ- 
ent jihascs  and  also  to  the  free  lengths 
of  conductor  between  the  switch  and 
adjacent  supports.  The  resulting  force 
is  transmitted  to  the  porcelain  posts  at 
the  extremities  and  therefore  produces 
bending  moments — the  case  being  simi- 
lar to  the  busbar  arrangement  of  Fig.  G. 

In  the  case  of  switches  which  are  back 
connected  on  one  or  both  terminals,  the 
formula  can  also  be  used  for  calculating 
the  reactions  between  the  conductors  passing 
through  the  insulator  posts  of  adjacent  phases 
and  those  of  the  same  phase;  these  two  forces 
are  at  right  angles  to  each  other.    As  they  are 
distributed  over  the  length  of  embedded  con- 
ductor, which  may  be  considered  as  a  beam 
fixed  at  one  end,  the  equivaletit  forces  applied 
at  the  extremity  of  the  insulator  post  would 
be  one  half  these  values ;  combining  these  with 
the  forces  mentioned  above  gives  the  total 
bending  moment  of  the  porcelain  support. 

On  account  of  the  forces  occurring  in  the 
switch  circuit  proper,  it  is  evident  that  the 
spacing  betweeti  the  switch  and  adjacent 
supports  must  be  less  than  can  be  allowed 
between  succeeding  supports  if  a  given  stress 
in  the  porcelain  is  to  be  maintained. 

Insulated  Cables 

The  heat  conductivity  of  cable  insulation 
being  comparatively  low,  transient  currents 
of  high  value  or  sustained  currents  of  greater 
value  than  the  normal  rated  capacity  of  the 
cable  cannot  be  permitted  without  danger  of 
deteriorating  the  insulating  material. 


If  fault)'  cables  are  cut  off  <|uickly  from  the 
source  of  |)(wer,  the  damage  c.'in  frct)uenlly 
lie  localized;  if  the  short  circuit  continues, 
however,  for  an  appreciable  time,  a  con- 
sideral)le  length  of  cable  may  bo  entirely 
<lestro\ed. 


J.      Unbraced  Choke  Coil  Deformed  by  Short  circuit  Current. 
The  vibration  of  the  coil  in  a  vertical  position  tends 
to  force  it  downward,   resulting   in  a 
pronounced  distortion 

Single-conductor  cables  are  subject  to 
the  stresses  discussed  under  the  heading  of 
"Busbars,"  and  all  cable  runs  should  there- 
fore be  rigidly  clamped  to  prevent  move- 
ment. 

Conclusion 

In  pointing  out  the  abnormal  conditions  to 
which  power  house  equipment  is  subjected, 
it  is  not  the  intent  of  this  article  to  create  a 
feeling  of  distrust  on  the  part  of  power  plant 
operators  or  power  purchasers  in  the  reli- 
ability of  electrical  equipments  and  ser\-ice. 
It  is  true  that  the  increasing  concentration 
of  power  in  our  modern  stations  tends  to 
increase  the  severit}-  of  the  dut}-  imposed  on 
certain  apparatus;  this  in  itself  is  not  a  serious 
matter,  however,  as  we  are  now  able  to  analyze 
the  nature  of  the  duty  and  also  predict  its 
amoutit  with  a  considerable  degree  of  accu- 
racy. The  problem  of  realizing  continuity  of 
service  is  therefore  actually  simpler  at  present 
than  it  was  in  the  past,  being  limited  to  the 
design  and  proper  application  of  apparatus  to 
meet  known  conditions. 
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Hydro-electric  Power  and  Its  Use  for 
Industrial  Purposes 

By  Eric  A.  Lof 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

The  development  of  electro-chemical  and  electro-metallurgical  industries  has  attained  great  importance 
in  the  last  few  years  and  has  created  a  demand  for  electric  power  in  large  blocks.  Other  industries,  such  as  the 
manufacture  of  paper  and  wood  pulp,  farming  and  agricultural  work,  irrigation,  etc.,  require  electric  power  in 
constantly  increasing  quantities.  The  successful  development  of  these  industries  requires  a  cheap  power  supply 
in  large  quantities.  The  development  of  our  water  power  resources  should  be  encouraged  by  the  enactment  of 
just  laws  governing  their  use  and  large  economical  supplementary  steam  plants  be  constructed  at  "strategic" 
points. — Editor. 


The  importance  of  the  electric  power 
situation,  as  an  essential  factor  in  our  industrial 
life,  has  never  been  m.ore  marked  than  at 
present  and  there  is  every  indication  that  this 
condition  will  continue,  possibly  to  an  even 
greater  extent,  as  time  passes  by.  The  nation 
is  now  facing  a  very  grave  crisis  in  its  history 
and  a  radical  readjustment  of  social  as  well 
as  economical  conditions  seem.s  imminent. 
Labor's  constantly  increasing  demand  for 
shorter  working  hours  is  unfortunate  at  the 
present  time  when  increased  production  would 
be  the  most  sure  and  far-reaching  cure 
against  the  existing  high  prices  of  even  the 
necessaries  of  life.  Our  productive  capacity 
must  therefore  be  kept  up  and  even  greatly 
increased,  and  the  threatened  shortage  of 
labor  m.ust  be  made  up  for  somehow.  The 
remedy  which  at  once  suggests  itself  is, 
naturally,  an  increase  in  the  substitution 
of  machinery  and  efficient  mechanical  de- 
vices to  carry  out  the  work  which  has 
hitherto  been  chiefly  done  by  manual  labor, 
and  which  must  be  conserved  for  more  im- 
portant functions.  Besides  this,  new  manu- 
facturing processes  must  be  more  extensively 
introduced  by  means  of  which  raw  materials 
or  finished  products  can  be  more  quickly 
and  cheaply  produced,  as,  for  example,  the 
manufacture  of  artificial  fertilizers  which  natu- 
rally would  be  of  im^mense  benefit  in  increas- 
ing the  food  production. 

Very  closely  related  to  this  increase  in  the 
use  of  mechanical  appliances,  or  chemical 
manufacturing  processes,  is  the  electric  power 
problem.  As  a  matter  of  fact,  they  are  insep- 
arable, as  it  is  now  universally  conceded  that 
electricity  is  the  only  form  of  power  worth 
considering  in  a  modern  industrial  manu- 
facturing establishment.  Its  advantages  are 
so  numerous  and  self-evident,  and  have  been 
brought  out  so  often  in  the  technical  press, 
that  they  will  not  be  repeated  here. 
I  Electricity  is  not  in  itself  a  source  of  energy, 
and  sorne  sort  of  priinary  power  is  required 


for  its  generation.  The  two  chief  sources  of 
this  are  found  in  the  chemical  energy  of  our 
fuel  deposits  and  in  the  energy  of  falling 
water,  due  to  its  position  or  head.  The  former 
can  certainly  be  exhausted,  especially  if  the 
present  enormous  drain  is  to  be  continued, 
while  with  the  latter  this  is  not  the  fact.  The 
logical  conclusion  would  therefore  be  to 
increase  the  development  of  our  water  powers, 
as  the  waters  which  constantly  pass  through 
the  rivers  without  performing  useful  work  are 
naturally  a  total  loss  of  valuable  energy.  As 
a  matter  of  conservation,  water  power  should 
therefore  be  developed  in  order  to  save  our 
coal  supply  that  is  being  so  steadily  depleted, 
or  at  least  to  provide  for  the  ever  increasing 
demand  for  more  and  more  power,  and  thus 
prevent  the  yearly  coal  consumption  from 
increasing,  if  it  cannot  well  be  materially 
reduced. 

Unfortunately  a  large,  if  not  the  largest, 
part  of  our  water  powers  are  so  situated,  br 
are  of  such  a  nature,  that  their  development 
is  not  practical  and  we  shall  always  have  to 
use  steam  power,  and  it  has  been  well  proven 
by  actual  practice  that  a  combination  of 
steam  and  water  power  will,  in  many  cases, 
work  out  as  the  most  ideal  solution  of  the 
power  problem.  Water  power  will,  therefore, 
never  replace  steam  power,  but  will  merely 
supplement  it. 

As  compared  to  a  steam  plant,  a  water 
power  development  is  a  far  more  complicated 
and,  from  a  financial  point  of  view,  a  much 
more  risky  undertaking.  With  a  steam  plant 
the  conditions  that  are  to  be  met  can,  as  a 
rule,  be  very  closely  predetermined,  and  the 
financing  and  design  become  a  rather  easy 
matter.  With  a  water  power  development, 
however,  the  conditions  are  far  more  uncer- 
tain, with  the  result  that  the  financing  of  the 
project  will  be  more  difficult,  which  naturally 
means  a  greater  discpunt  on  the  bond  issue, 
or  an  increased  rate  of  interest.  The  deter- 
mination of  the  amount  of  power  for  which  a 
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(k'X't'ldpnii'iit  ran  sal\'l\-  1h'  huill  rccniirL'S  a 
painstaking;  study  cil"  the  rainfall  ami  stream 
ildw  ninditiiins  for  a  pt-riod  of  many  years, 
and  o\cn  with  tlu'  best  export  advices,  abnor- 
mal conditions  nia\-  occur  due  to  nature's 
whim  which  will  upset  all  calculations  and 
cause  serious  ditlieulties  and  inconveniences. 
It  is  these  abnormal  conditions,  such  as 
droujjjht  and  (looil,  which  are  constantly  met 
with  in  water  ])ower  developments  and  must 
be  absolutely  {guarded  aj;;ainst,  and  which 
naturally  result  in  further  increasinjj  the  cost 
of  the  already  expensive  undertaking. 

In  sjieaking  of  the  cost  of  water  jiower,  it  is 
a  common  fallacy  to  base  this  only  on  the  cost 
of  the  power  station  with  its  dam  and  head- 
works,  and  frccjiiently  the  cnomious  invest- 


Wasted  Energy 


ment  in  the  last  two  items,  especially  with 
low  head  developments,  is  not  realized.  As 
there  are  very  few  hydro-electric  develop- 
ments so  fortunately  situated  as  at  Niagara 
Falls,  where  the  manufacturing  industries 
are  so  closely  located,  it  follows  that  most 


water  jxiwer  developments  will  require  lonj; 
and  exiiensive  transmission  lines  fiver  which 
the  energy  must  be  transmitted  to  suitable 
market  centers.  Not  only  is  it  the  interest 
on  the  investment  in  these  lines,  but  also  the 
value    of    the    power    lost    therein    and    the 


Fig.  2.     Large  Hydro-electric  Atmospheric  Nitrogen 
Fixation  Plant  in  Norway 

maintenance,  which  must  be  chargeable  to 
the  actual  cost  of  hydro-electric  power  and 
used  in  a  comparison  with  the  cost  of  steam 
power.  Large  storage  reservoirs  and  auxiliary 
steam  plants  for  regulating  the  stream  flow 
and  for  reserve,  are  also  in  many  cases  im- 
portant items  of  the  cost. 

A  hydro-electric  developm.ent  as  a  whole 
requires  from  two  to  three  times  the  capital 
investment  of  a  steam  plant,  and  the  cost 
of  water  power  is  steadily  increasing,  while 
that  of  steam,  if  not  now  actually  falling  off, 
is  not  increasing.  This  is  due  to  the  fact  that 
the  increased  cost  of  labor,  fuel  and  m-aterial 
for  a  steam  plant  has  been  about  offset  by 
the  continued  improvements  in  the  efficiency 
of  conversion  of  chemical  energ\^  into  elec- 
trical. The  efficiency  of  the  utilization  of 
water  power  has,  however,  evidently  reached 
its  maximum,  or  nearly  so,  and  to  offset 
this  disadvantage  the  only  means  to  obtain 
a  really  cheap  power  seem.s  to  be  the  develop- 
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ment  on  a  very  large  scale,  and  the  utiliza- 
tion of  so-called  "secondary  power"  for 
industries  and  processes  which  do  not  neces- 
sarily require  an  absolutely  continuous  power 
supply.  From  the  above  it  is  plainly  evideni, 
that  investments  in  water  power  develop- 
ments are  in  many  instances  difficult  to 
obtain,  and  the  stimulation  of  a  rapid  develop- 
ment of  this  industry  requires  in  the  first 
place,  the  confidence  and  encouragement  of 
the  general  public,  and  the  creation  of  just 
but  more  liberal  laws  and  regulations  by  the 
governing  bodies  of  the  States  and  of  the 
Federal  Governm.ent.  Only  in  this  manner 
will  it  be  possible  to  raise  the  capital  necessary 
for  an  early  resumption  of  developing  our 
vast  water  powers  which  are  now  going   to 


processes  founded  upon  electro-chemistry 
have  a  large  and  important  part  in  the  manu- 
facture of  a  very  wide  range  of  commercial 
products.  Among  these  may  be  mentioned 
fertilizers,  explosives,  iron  and  steel,  alumi- 
num, copper,  ferro-alloys,  chlorine,  soda,  etc. 
The  most  important  ingredients  in  a  success- 
ful fertilizer  are  nitrogen  in  some  bound  form, 
and  phosphoric  acid.  Chile  has  been  supply- 
ing practically  all  our  demand  for  nitrogen  in 
the  form  of  Chile  saltpeter  or  sodium  nitrate, 
and  it  is  just  recently  that  this  country  has 
witnessed  the  establishment  of  at  least  one 
large  plant  where  the  inexhaustible  supply  of 
Nature's  free  nitrogen  can  be  fixed  or  com- 
bined with  some  other  element  so  as  to  form 
a  useful  product.     With  the  aid  of  electric 


Fig.  3.      Application  of  Hydro-electric  Power  to  Railway  Operatic 


waste,  thus  supplementing  the  steam  power 
and  conserving  the  coal  supply,  not  to  speak 
of  possibly  preventing  a  repetition  of  the  coal 
shortage  of  two  winters  ago  (and  which  is 
predicted  even  for  the  coming  season)  when 
some  of  the  large  power  houses  in  New  York 
city  were  running  with  only  a  few  hours 
supply  in  their  bunkers,  and  others  had  to 
shut  down  entirely  for  lack  of  coal. 

In  the  above,  the  necessity  for  a  rapid  and 
intensive  resumption  of  the  development 
of  our  water  power  has  been  discussed,  and 
it  may  be  of  interest  also  to  briefly  touch  on 
some  of  the  industrial  fields  for  which  the 
early  solution  of  the  water  power  problem  is 
of  the  utmost  importance. 

Of  these  the  electro-chemical  industry 
unquestionably  comes  first,  as  the  industrial 


power  it  is  thus  possible  to  produce  artificially 
unlimited  quantities  of  nitrates  to  be  used  on 
our  farms,  and  thus  create  an  intensive 
production  of  crops  of  which  the  world  is 
now  so  sadly  in  need  and  will  be  for  a  long 
time  to  come. 

Phosphoric  acid  in  the  form  of  phosphates 
is  also  an  indispensible  fertilizer.  Unfor- 
tunately, however,  the  large  deposits  of 
phosphate  rock  which  are  to  be  found  in  many 
places  in  the  country,  are  available  as  fer- 
tilizers only  through  its  treatment  with 
sulphuric  acid,  and  even  then  only  a  small 
percentage  of  the  phosphoric  acid  is  made 
water-soluble  and  is  readily  again  reconverted 
into  an  insoluble  form  by  the  action  of  in- 
gredients present  in  the  mixed  phosphates. 
By    means    of    electric   power,    however,    all 
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this  i)ht)si>li()iir  ai'id  laii  ln'  made  walur- 
solubk",  anil  in  addition  llic  phosplioric  acid 
obtained  can  he  absorbed  l^y  various  bases 
to  fonn  salts,  which  in  themselves  will  form 
complete  ferlili/ATS  of  hij^hest  value,  such  as 
ammonimn  ])hosphate. 

Nitrttf^en,  in  the  form  of  nitric  acid,  is  the 
jirincipal  constituent  of  explosives,  and  was, 
until  quite  recently,  obtained  entirely  from 
Chile  saltpeter.  Even  this  industry  will 
possibly  before  long  be  entirely  independent 
of  this  raw  material,  as  electro-chemical 
])rocesses  are  now  availalile  by  which  nitric 
acid  can  readily  be  obtained  from  the  free 
nitrogen  contained  in  the  atmosphere  or  in 


The  successful  use  of  the  electric  furnace 
for  relining  of  steel  and  for  the  |)roduction  of 
ferro-alloys  have  resulted  in  a  rajjid  develop- 
ment of  this  industry,  and  it  is  to  he  hoped 
that  before  long  the  ijroV)lem  of  directly 
smelting  the  iron  ore  in  the  electric  furnace 
will  l)e  successfully  solved. 

Another  grou])  of  electrolytic  processes 
which  is  rapidly  extending  is  the  conversion 
of  cheap  salt  into  more  valuable  products, 
such  a.s  chlorine  and  caustic  soda.  The 
manufacture  of  these  two  ])rf)ducts  is  closely 
allied  in  that  when  the  electric  current  is 
passed  through  the  cell,  the  brine  splits  up 
into  its  components;  chlorine  will  escape  at 


Fig.  4.      Application  of  Hydro-electric  Power  to  Canal  Operatio 


the  coal.  It  is  evident,  therefore,  that  the 
nitrogen  fixation  industry  must  in  the  future 
be  of  considerable  importance  and  magnitude 
as  a  stimulus  to  our  food  production  in 
times  of  peace,  besides  being  capable  of  an 
eas\-  conversion  for  preparedness  in  case  of 
war. 

Several  hundred  thousand  horse  power  of 
hydro-electric  power  is  used  in  the  manu- 
facture of  aluminum,  and  for  the  refining  of 
copper,  zinc,  etc.  The  ever  increasing  demand 
for  these  metals  necessitates  a  constant  build- 
ing of  new  plants,  or  additions  to  existing 
ones,  and  it  is  difficult  to  foresee  the  ultimate 
expansion  of  this  important  industry. 


the  anode  and  caustic  soda  will  be  produced 
at  the  cathode.  The  uses  of  chlorine  are  only 
beginning  to  be  touched,  and  its  manufacture 
will  increase  many  times  in  the  near  future. 
Among  its  many  uses  may  be  mentioned: 
bleaching  in  the  paper  and  textile  industry, 
sterilization  for  potable  water,  antiseptic  dis- 
infection, sterilization  of  sewage,  etc.  The 
caustic  soda  can  readily  be  converted  into 
carbonate  of  soda  by  a  simple  chemical 
operation.  Both  are  used  in  the  manufacture 
of  other  materials  such  as  glass,  soap,  paper, 
drugs,  paints,  leather,  etc. 

Cheap  power  is  an  essential  factor  in  the 
manufacture   of   paper  and   wood   pulp.      A 
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considerable  part  of  its  cost  of  manufacture 
consists  of  the  cost  of  power,  and  the  imports 
of  these  products  have  been  growing  at  an 
enormous  rate.  Canada  and  Sweden  with 
their  developed  water  powers  which  have 
been  extensively  utihzed  in  this  industry 
have  been  our  main  source  of  supply,  but 
with  the  production  of  cheap  electric  energy, 
through  the  development  of  our  own  water 
powers,  it  is  to  be  hoped  that  the  pulp  and 
paper  industry  will  soon  come  back  to  its 
own  in  the  United  States. 

The  possibiHties  of  the  use  of  hydro-elec- 
tric power  in  connection  with  farming  and 
agricultural  work  are  many,  and  offer  one  of 
the  most  promising  fields  of  the  future.  The 
unqualified  success  that  the  application  of 
electric  power  has  had  in  this  line  of  work 
indicates  that  it  has  become  a  factor  of  such 
importance  that  it  must  now  be  seriously 
considered  as  aft'ecting  both  the  cost  and 
quality  of  the  products  of  the  modern  farm. 
The  power  supply  may  be  obtained  from  the 
extensive  net-works  of  high-tension  trans- 
mission lines  which  are  now  being  erected  in 
so  many  sections  of  the  country,  and  which 
are  continuously  being  extended  at  a  very 
rapid  rate.  While  this  supply,  without  doubt, 
offers  the  simplest  and  cheapest  source  of 
power,  there  are  thousands  of  small  streams 
whose  wasted  energy  might  readily  be  trans- 


formed and  applied  to  useful  work  on  farms 
by  the  installation  of  small  and  inexpensive 
water-power  plants  . 

The  advantages  of  hydro-electric  power  for 
irrigation  purposes  have  been  clearly  demon- 
strated by  the  excellent  work  which  is  being 
done  by  the  United  States  Reclamation 
Service,  The  United  States  Indian  Service, 
and  niunerous  co-operative  and  individual 
enterprises.  Electric  power  is  generated  on 
the  nearest  available  river,  and  the  energy 
readily  transmitted  to  pimiping  stations 
scattered  over  the  territory  to  be  irri- 
gated. 

The  electrification  of  portions  of  our  vast 
railroad  systems  will  consume  very  large 
amounts  of  power  and  will  be  dependent  for 
their  success  to  a  very  great  extent  on  their 
ability  to  obtain  cheap  energy  from  the  water 
power  developments  in  the  territories  which 
they  traverse. 

A  careful  review  of  the  situation  therefore 
shows  that  there  is  a  vital  and  imperative 
need  for  early  development  and  industrial 
utilization  of  the  enormous  quantity  of  energy 
that  is  now  going  to  waste  in  our  streams. 
This  power  is  required  to  increase  the  countrj^'s 
production  of  the  necessaries  of  life,  to  the 
end  that  the  high  cost  of  living  may  be  re- 
duced and  the  comfort  and  happiness  of  the 
country  increased. 


Centralization  and  Conservation  in  Power  Supply 
of  Central  Massachusetts 

By  F.  L.  Hi- NT 

ClllKK    liNlllNKKR,  'rURNliRS   I-'aI.I.S   I'OWICK   ANU   liLKCTRIC  CoMI'ASY 

The  author  brings  out  very  foreibly  the  economies  that  can  be  elTcctcd  by  the  use  of  power  from  large 
central  stations,  equipped  with  up-to-tlatc  machinery,  and  the  economical  use  of  water  power.  He  shows  that 
by  closing  down  121  isolated  |)lanls  and  using  central  station  supply  nearly  400,000  tons  of  coal  were  saved  in 
one  year  in  this  particular  instance.  There  are  still  many  localities  where  this  good  example  could  be  imitated 
with  great  profit  to  the  community.  The  description  of  the  equipment  in  this  modern  system  should  be  of 
considerable  interest  to  manv  of  our  readers. — Editor. 


With  the  completion  of  the  stations,  sub- 
statiotis  and  transmission  lines  which  have 
been  ptit  into  operation  during  the  past  year 
by  the  Turners  Falls  Power  &  Electric  Com- 
patiy,  and  the  operating  arrangements  that 
have  been  worked  out  between  that  company. 
The  United  Electric  Light  Company,  of 
Springfield,  and  the  Greenfield  Electric  Light 
&  Power  Company,  the  power  supply  for 
central  Massachusetts  has  been  arranged  for 
in  a  manner  which  typifies  the  present  rapid 
movement  in  all  parts  of  the  country  toward 
conservation,  by  centralization  of  power 
manufacture  and  by  utilization  of  water 
supply. 

A  consideration  of  the  complete  electrical 
system  of  the  Turners  Falls  Power  &  Electric 
Company  as  it  now  exists,  forming  the  trunk 
lines  for  the  interconnection  of  its  own  power 
stations  with  those  of  the  other  two  com- 
panies mentioned,  and  with  several  other 
distributing  companies  in  this  part  of  Mass- 
achusetts, will  indicate  how  soundly  this 
theory,  advocated  now  by  all  the  leading 
engineers  of  the  country,  has  worked  out  in 
practice,  and  may  point  out  how  similar 
possibilities  in  other  localities  should  be 
developed. 

Fig.  1  is  a  geographical  sketch  of  the 
territory  served  by  the  three  companies 
mentioned.  This  sketch  also  shows  the 
general  scheme  of  distribution  throughout 
the  territory-. 

Fig.  2  is  an  operating  diagram,  showing  in 
detail  the  circuits  interconnecting  the  gen- 
erating stations,  the  general  scheme  of  switch- 
ing and  the  relay  protection  used. 

Holyoke  is  the  only  town  or  city  with  a 
power  load  of  more  than  100  kw.  in  the 
territory  which  does  not  have  a  connection 
to  this  system.  The  power  facilities  of  that 
city  are  at  present  entirely  inadequate  for 
its  requirements,  and  the  authorities  there  are 
now  discussing  the  question  of  how  they  shotild 
proceed  to  insure  the  future  power  needs  of  the 
city  on  the  soundest  economic  basis. 


Otitside  of  the  city  of  Holyoke  jjractically 
all  the  power  used  in  this  territory  is  suj^plied 
from  the  electrical  system  shown  in  Fig.  1. 
This  is  generated  in  six  hydro-electric  plants 
and  two  steam  plants,  as  follows: 

Gardner  Falls     (A) — Hydro-electric  ....    3,000  kw. 

Greenfield  Electric  Light  &  Power  Co. 
Green  River        (B) — Hydro-electric  ....       100  kw. 

Greenfield  Electric  Light  &  Power  Co. 
Turners  Falls      (C) — Hydro-electric.  .  ..    5,050  kw. 

Turners  Falls  Power  &  Electric  Co. 
Cabot  Station     (D) — Hydro-electric  .  .  .  .45,000  kw. 

Turners  Falls  Power  &  Electric  Co. 
Indian  Orchard  (E) — Hydro-electric.  .  .  .    2,400  kw. 

United  Electric  Light  Co. 
Bircham  Bend    (F) — Hydro-electric  ....       600  kw. 

United  Electric  Light  Co. 
State  St.  (G)— Steam .30,000  kw. 

United  Electric  Light  Co. 
Hampden  (H)— Steam 25,000  kw. 

Turners  Falls  Power  &  Electric  Co. 

Letters  indicate  the  location  of  these  sta- 
tions in  Fig.  1.  The  combined  permanent  load 
on  these  stations  amounts  to  approximately 
50,000  kw.  The  maximum  load  during  the 
past  year,  including  surplus,  was  60,000  kw. 
The  total  yearly  output,  including  surplus, 
for  the  same  period  was  a  little  over  212,- 
000,000  kw-hr.  Of  this  172,000,000  kw-hr. 
were  generated  from  water. 

The  territory  served  by  the  United  Electric 
Light  Company  consists  of  the  city  of  Spring- 
field and  nearby  towns,  with  a  population  of 
1.50,000.  The  load  served  by  this  company, 
directly,  amounts  to  about  14,000  kw.  In 
this  territory  not  less  than  38  isolated  steam 
plants  have  been  closed  down  permanently, 
and  the  power  taken  from  the  central  station. 
This  is  in  addition  to  1000  industrial  power 
customers  whose  loads  have  always  been  on 
the  central  station. 

In  the  territorj-  served  directly  by  the 
Greenfield  Electric  Light  &  Power  Compam-, 
whose  total  load  is  approximately  3000  kw., 
22  separate  isolated  steam  plants,  varying 
in  size  from  25  to  150  h.p.,  have  been  replaced 
by  central  station  power.  In  the  town  of 
Greenfield,  of  15,000  inhabitents,  and  a  power 
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Map  of  Central  Massachusetts,  showing  location  of  Power  Stations.  Tr 
and  Distribution  Lines 
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Fig.  2.     Operating  Diagram  of  Power  System  of  Central  Massachusetts:  Turners  Falls  Power  Oi  Electrie  Co., 
United  Electric  Light  Co.,  and  Greenfield  Electric  Light  &  Power  Co. 
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loiiil  of  L'OOO  kw.  (liviik'il  iim.iuK  1.')  iiulustrial 
customors,  iIktc  exists  today  only  one  steam 
plant,  of  100  h.p.  eapaeily,  where  sawdust 
from  the  industry  is  used  for  fuel,  liven  the 
.'i'_*.")0-kw.  steam  plant  of  the  eentral  station 
eomi)any  has  been  shut  down  and  disnnanlled. 
its  output  to  be  replaeed  as  far  as  possil)le 
by  water  ])ower  frtnn  its  enlarj^ed  hv'dro- 
eleetrio  ilevelopnient  at  ShelbiuMie  I'^alls.  and 
the  balanee  to  eon\e  from  the  main  trunk  line 
system  of  the  Turners  Falls  Power  &  Eleelrie 
Companw 

The  comi)lelion  of  the  interconnecting  trans- 
mission lines  of  the  Tvirners  Falls  Power  & 
I'^lectric  Company  and  of  its  larger  hydro- 
electric and  steam  plant  developments  has 
made  possible  a  much  more  extensive  cen- 
tralization of  power  production  for  the  central 
part  of  the  State,  and  has  increased  materially 
the  proi)ortion  of  water  ])ower  used.  It  has 
also  made  jiossible  the  interchange  of  power 
between  these  three  companies,  so  that  water 
power  available  to  any  one  company  may  all 
be  njade  use  of  before  coal  is  consumed  b>' 
any  other  company,  and  has  further  conserved 
capital  by  putting  the  reserve  capacity  of 
each  company  readily  available  for  use  b\- 
either  of  the  other  companies,  eliminating 
the  necessity  of  each  company  keeping  an 
available  reserve  capacity  of  generating 
equipment,  which  would  otherwise  be  neces- 
sary for  the  proper  protection  of  their  busi- 
ness. There  also  exists  a  connection  at 
Leverett,  see  Fig.  1,  of  20,000  kw.  capacity, 
between  the  Turners  Falls  Power  &  Electric 


Company  and  tiie  trunk  line  of  the  New 
iCngland  Pf)wer  Crimi)any,  wliieli  therefore 
interconnects  the  system  of  central  Mass- 
achusetts with  many  of  the  large  stations  of 
eastern  Massachusetts  anrl  Rhode  Island. 


Hi  i 

Fig.  8.     State  St.  Station;  United  Electric  L=ght  Co. 


Fig.  7.  State  St.  Static 


;  United  Electric  Light  Co.,  Boiler  Ro 


Fig.  9.     State  St.  Station;  United  Electric  Light^Co.,  Turbine  Room 


952     November,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  11 


In  addition  to  the  service  of  interconnec- 
tion outlined,  the  Turners  Falls  Power  & 
Electric  Company's  system  serves,  directly, 
34  other  customers,  including  nine  smaller 
distributing  companies  and  four  street  rail- 
way companies.     The  combined  demand  of 


Fig.  10.     State  St.  Station;  United  Electric  Light  Co.  Switchboard  R. 


these  34  customers  is  33,000  kw.  The  power 
requirements  of  these  customers  was  formerly 
supplied  by  31  separate  and  distinct  steam 
plants,  varying  in  size  from  50  to  8000  h.p., 
all  of  which  have  been  permanently  closed 
down  by  the  present  arrangement,  with  the 
result  that  all  their  power  is  supplied  either 
by  water  or  from  one  of  the  two  modern  steam 
plants  connected  to  the  system  of  the  Turners 
Falls  Power  &  Electric  Company. 

Twenty-nine  small  steam  plants  have  been 
permanently  closed  dov.m,  and  their  output 
replaced  by  central  station  power  from  the 
feeder  circuits  of  the  nine  distributing  com- 
panies mentioned  in  the  previous  paragraph. 
A  summary  of  the  steam  plants  that  have 
been  closed  down  by  the  various  companies 
is  as  follows : 

Turners  Falls  Power  &  Electric  Co 31 

United  Electric  Light  Co 38 

Greenfield  Electric  Light  &  Power  Co 23 

Other  distributing  companies 29 

Total  number  of  steam  plants  shut  down 121 

There  are  several  months  in  the  year  when 
it  is  not  necessary,  with  the  present  load,  to 
operate  either  one  of  the  two  steam  plants 
now  connected  to  this  system.  This  method 
of  operation  has  been  tried  out  thoroughly 


enough  to  warrant  its  permanent  adoption.  As 
the  total  combined  load  of  all  the  companies  in- 
creases beyond  the  capacity  of  the  hydro-elec- 
tric plants,  one  or  more  steam  units  will  be 
operated  as  required,  and  the  use  of  the  water 
will  become  even  more  complete  than  now. 

At  the  present  time  during 
low  water  periods,  when  steam 
power  is  required,  the  fluctua- 
tions in  load  are  taken  on  the 
water  power  stations  and  a 
constant  24-hour,  T-da}^  per 
week  load  is  put  on  one  or 
both  steam  plants  to  give  the 
highest  steam  plant  efficiency 
possible  with  the  load  to  be 
handled.  Waterwheels  are 
only  operated  when  sufficient 
water  is  available  to  allow 
their  operation  at  a  reason- 
ably efficient  gate  opening. 
Arrangements  are  being  made 
to  float  waterwheel  generators 
on  the  line  as  synchronous 
motors,  with  gates  closed 
during  low  water  periods,  so 
that  waterwheel  generators 
and  turbo-generators  carrying 
load  may  be  run  at  loads  to 
give  the  highest  efficiency  possible  on  their 
prime  movers,  without  being  required  to  carr}'' 
more  than  their  kv-a.  rating. 

It  is  evident,  therefore,  that  the  completion 
of  the  general  power  system,  as  described 
above,  and  its  present  method  of  operation, 
results  in  the  supply  of  power,  formerly 
generated  by  121  separate  steam  plants,  now 
being  generated  entirely  from  water  power 
during  many  months  of  the  year,  and  the 
balance  from  steam  in  not  more  than  two 
modern  stations. 

The  average  coal  consumption  of  the  steam 
plants  which  have  been  superseded  by  this 
central  station  power  was  not  less  than 
4  lb.  The  average  coal  constunption  in  the 
steam  stations  which  supply  the  require- 
ments of  the  system  above  described  is 
about  2  lb.  per  kw-hr.  If  we  allow  15  per 
cent  for  transmission  and  distribution  losses 
between  generating  stations  and  power  cus- 
tomers, and  take  into  account  the  water  power 
that  was  applied  to  this  load  last  year,  we 
see  that  the  conservation  of  coal  during  that 
year  alone  amounted  to  approximately  376,- 
400  tons. 

This  centralization  of  power  supply  has 
included  a  varied  list  of  industries.  In  Green- 
field and  \'icinity  are  many  tool  and  tap  and 
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(lir  sliu|is.  In  'riiriR'Vs  Falls  are  several 
paper  mills,  also  eoltim  mills  and  eiitlery 
sh()])s.  in  ii^asthami)!!!!!  and  Ludlow  are 
very  larj^e  cotton  mills.  In  C'hieopee  and 
tlie  Springfield  district  are  foundries,  muni- 
eijial  pumpin;;  jjlanls,  stone  ([uarries,  u-e 
plants,  and  larjje  factories  huildinj^  auto- 
mobiles, motor  cycles,  tires,  electrical  ma- 
chinery, arms,  sportinj^  };;oods  and  refractory 
products.  Considerable  amounts  of  power  are 
supplied  to  arj^iculturists  throughout  the 
territory,  where  tobacco  and  onions  arc 
raised  extensively,  and  much  irrij.;ation,  cold 
storajje,  and  electric  heating  is  done  in  winter. 


Power  &  lileclric  Company  ])r()duced  a  much 
larger  market  for  jMjwer  devclo])ed  at  this 
l)lant,  and  the  old  machines  were  recon- 
nected for  2.'}()()  volts  and  two  modern  vertical 
units,  with  single-runner  wheels,  were  ad<k-d 
to  the  station.  Most  of  the  ])ower  from  this 
station  is  step])cd  up  to  1:5, 200  volts  through 
three  ;i-])hase,  l2()0-kv-a.  transformers  and 
transmitted  at  that  voltage  to  Greenfield  and 
Turners  Falls.  An  interior  view  of  this 
station  is  shown  in  Fig.  3. 

The  Green  River  Station  of  the  Greenfield 
I'.lectric  Light  &  Power  Company  is  located  in 
Greenfield  and  is  a  100-h.i>.  development,  con- 


of  Hampden  Sta 


A  brief  description  of  the  generating  sta- 
tions that  supply  this  system  follows: 

Hydro-electric  Stations 

The  Gardners  Falls  Station  of  the  Green- 
field Electric  Light  &  Power  Company 
operates  under  a  head  of  34  feet  and  consists 
of  two  horizontal  wheels,  direct  connected  to 
two  oGO-kv-a.,  2300-volt  generators  and  two 
vertical  wheels,  direct  connected  to  two  1 140- 
kv-a.,  2300-volt  generators.  The  oOO-kv-a. 
generators  were  installed  fifteen  years  ago 
and  operated  for  ten  years  at  10,000  volts. 
At  that  time  the  increase  of  load  of  the  Green- 
field Electric  Light  &  Power  Company  and 
its   interconnection   with   the   Turners   Falls 


sisting  of  one  double-runner,  horizontal  wheel 
belted  by  a  silent  chain  to  a  100-h.p.,  2300-volt 
induction  motor,  which  is  connected  to  a  2300- 
volt  feeder  of  the  local  distribution  system  in 
Greenfield,  and  operates  without  an  attendant. 
Thisstationisdescribedinthearticle"Induction 
Generator  Plants"  in  this  issue  of  the  Review. 
The  Turners  Falls  Station,  Xo.  1,  and 
the  Cabot  Station  of  the  Ttrrners  Falls 
Power  &  Electric  Company,  were  described 
in  detail  in  the  Review  in  March,  1917. 
Since  that  description  was  written,  two 
more  units  have  been  added  at  Cabot  Sta- 
tion, and  the  head  has  been  increased  to  58 
feet,  increasing  the  capacity  of  all  the  units. 
There  are  now^  six  7500-kw.  units  in  operation 
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here,  and  .57,000  kv-a.  of  step-up  trans- 
formers. Plans  have  been  completed  for 
the  addition  of  another  unit  in  this  station  as 
soon  as  load  conditions  require  it.  Fig.  4  is  a 
view  of  the  generator  room  of  this  station, 
with  six  generators  installed. 

The  Indian  Orchard  Station,  No.  2,  of  the 
United  Electric  Light  Company,  is  located 
on  the  Chicopee  river,  and  operates  under  a 
head  of  36  feet.  The  equipment  consists  of 
three  750-kv-a.  and  one  690-kv-a.,  5500-volt, 
2-phase  generators,  each  direct  connected  to 
a  pair  of  horizontal  wheels.  The  original 
installation  at  this  plant  consisted  of  belted 
generators,  driven  through  jack  shafts  and 
clutches  b}'  the  horizontal  wheels.  This 
station  is  connected  to  the  main  station  at 
State  street  by  two  routes,  each  consisting 
of  duplicate  5500-volt,  2-phase  transmission 
lines  and  cables.  In  addition  it  is  connected 
to  the  Turners  Falls  distribution  system 
through  13,000  to  5500-volt,  3-phase-2-phase 
transformers  and  regulators  of  3000-kv-a. 
capacity.  A  view  of  this  station  is  shown  in 
Fig.  5. 

The  Bircham  Bend  Station,  No.  3,  of  the 
United  Electric  Light  Company,  is  also  on 
the  Chicopee  River.  It  operates  under  a  head 
of  13  feet,  and  consists  of  two  400-kv-a.,  5500- 
volt,  2-phase  generators,  each  direct  con- 
nected to  a  pair  of  horizontal  wheels.  Both 
of  the  above  stations  are  operated  so  as  to 
utilize  to  best  advantage  all  of  the  water 
power  available,  the  wheel  gates  being  gen- 
erally blocked  open,  and  all  the  regulation 
taken  care  of  bv  the  larger  stations. 


Steam  Stations 

The  State  Street  Station,  No.  1,  of  the 
United  Electric  Light  Company,  is  located 
in  Springfield,  on  the  Connecticut  river. 
The  boiler  room  contains  twelve  700-h.p. 
Edgemoor  boilers,  with  Taylor  stokers,  super- 
heaters, feed  water  heaters  and  turbine- 
driven  feed  water  pumps,  and  blowers  for 
forced  draft.  The  turbine  room  contains  one 
20,000-kv-a.,  two  5000-kv-a.,  one  2500-kv-a 
and  three  1000-kv-a.  Westinghouse  turbine- 
driven,  5500-volt,  2-phase  generators,  the 
turbines  operating  at  200  lb.  pressure,  with 
150  deg.  superheat.  In  general,  river  water 
is  used  in  the  Leblanc  condensers  with  which 
the  tubines  are  equipped,  and  this  water, 
with  water  from  the  river,  is  passed  through 
filters  and  feed  water  heaters  to  the  boiler 
feed  water  pumps,  which  are  turbine-driven. 


Fig.  12.     Cross  Section 
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'Phi-  (.'XcitiT  siMs  arc  il-iinil  nullils,  and  ran 
ihorcfiuv  l)c'  iiri\'i'n  oilluM'  liy  su-ani  or  li\' 
nidlor.  As  the  j;r<.':ilcr  jiarl  of  llu'  hIIut 
auxiliaries  arc  stoam-drivoii,  the  use  of  .'!-unit 
I'xoilor  si'ts  allows  tlu'  aiiumnl  of  oxhaiisL 
steam  to  bo  adjusted  to  take  care  of  the 
requirements  of  the  feed  water  heaters  under 
diftercnt  conditions  of  load. 

The  switch  house  consists  of  a  three-story, 
brick  stiticture,  housinj^  i)ractically  all  of  the 
control  equipment  for  the  distribution  of 
current  in  Si)rin}jField,  as  well  as  the  control 
and  switchinj^  equipment  for  generators, 
transmission  lines,  etc.  This  station  is  con- 
nected to  the  Turners  Falls  system  throuj^h 
()6,00()  to  ooOO-volt,  3-phase-2-])hase  trans- 
fonners  and  rej2;ulators,  of  l.S, ()()()  kv-a. 
capacity.  Fij:;s.  7,  S,  9  and  ID  show  the 
principal  features  of  this  station. 

The  Hampden  Station  of  the  Turners  Falls 
Power  &  Electric  Company  is  located  on  the 
Conjiecticut  river,  near  the  mouth  of  the 
Chicopee  river,  on  a  4()-acre  site  of  land,  where 
coal  may  be  delivered  to  it  by  rail,  and  when- 
ever the  river  is  made  navigable  at  this  point, 
coal  may  be  received  readily  by  boat.  Fig.  1 1 
is  a  plan  of  the  station  grounds,  showing  the 
arrangement  of  condenser  water  tunnels,  coal 
storage,  transmission  lines,  tracks,  etc. 


Tlie  main  i)uil(linK  and  smoke  stack  are 
su|)porle(l  on  a  foundation  of  approximately 
1  ()()()  Raymond  concrete  piles,  varying  in 
lengtii  from  20  to  .'{")  ft.,  and  designed  to 
carry  'M)  tons  each.  Reinforced  c<.»ncrele  was 
used  for  the  floors,  tlie  walls,  anrl  the  columns 
of  the  building,  u|)  to  the  level  of  the  turbine 
room  floor.  At  times  of  high  water  the  turbine 
room  basement  floor  is  2.")  ft.  below  water  level 
in  the  river.  This  floor  was  therefore  designed 
with  heavy  concrete  beams  to  resist  the  ujjward 
pressure  of  the  water  under  these  conditions. 
The  cross-sectional  view  of  the  station  in  Fig. 
12  shows  the  general  arrangement. 

The  boiler  room  equipment  consists  of 
eight  ()r)2-h".p.  horizontal,  tubular  boilers, 
with  su])crheaters,  under-feed  stokers  and 
forced  draft.  Two  fans  for  supplying  air 
for  the  forced  draft  are  driven,  one  by  a 
motor  and  one  by  a  steam  turbine,  each  fan 
being  capable  of  supplying  sufficient  draft 
for  operating  all  the  boilers  at  150  per  cent 
rating.  The  cooling  air  from  the  turbo- 
generators is  delivered  to  the  fan  intakes. 
The  boiler  room  piping  is  carried  in  the  base- 
ment to  a  header,  from  which  the  steam  pipes 
lead  direct  to  the  turbine. 

The  turbine  room  equipment  consists  of 
two     l."i,()()0-kw.,    SO    per    cent    p-f.,    Curtis 


iyli! 

of  Hampden  Station 


956     November,  1919 


w^ 

r 

m     M 

1 

E 

L 

E 

3 

%/ 

'     ! 

^<^^ 

w 

k        fl 

>'S'tK!!;Si^&<«ltlS 

HLsttai 

GENERAL  ELECTRIC  REVIEW  Vol.  XXII,  No.  11 

KM  ■   y 


(■i:\rk. \i.iz.\i"ii)\  AM)  coNsiikVATioN  i\  I'ow'icR  sri'i'i.v  uru 


958     November,  1919  GENERAL  ELECTRIC  REVIEW  Vol.  XXII,  No.  11 


^^  '-^^^  .■^v 


Fig.  18.     View  of  66,000-volt  Transformers  and  Switching  Equipment;  Hampden  Station 


Fig.  19.      66,000-volt  Line  Construction  Through  Westficld,  Mass.;  Hampden  Sta 
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turho-jji'iU'ralors,  ninTatin^;  at  'JIIO  Hi.  steam 
prcssuri.",  \'2'^  di.%.  sniJerlicat  and  '2S.'>  in. 
\;u'iiinn.  I'^ach  lurho  uiiil  is  I'onnecU'd  lo  a 
I'vlindrical  slicU,  twiii-jcl  condonscr,  equiijped 
with  twin  suhnicri^ed,  removal  pumps, 
t-oniioclcd  thri)U).;li  reduction  tjears  lo  slcam 
turbines.  The  coiidi-nscrs  jjivo  "JS  in.  vacuum 
with  70  de^:;.  cooHnj^  water  when  eondcnsiii},' 
1S7,. ")()()  lb.  of  steam  i)er  liour.  Radojel 
ejectors  are  used  for  air  removal.  Feed  water, 
taken  from  the  hot  well  through  a  heater, 
may  be  supi>licd  through  two  tiOO-gallon, 
iurlMno-dri\-en  jjumiis,  or  one  IJOD-gallon, 
motor-driven  pump.  The  turbo-generators 
operate  at  13,2{)()  volts,  3-phase,  (iO-cycle, 
with  grounded  neutral,  and  are  equipped  with 
^oD-volt,  direct  connected  exciters.  There  is 
a  spare  motor-driven  exciter. 

Uj)  to  the  present  time  the  whole  output 
from,  this  station  has  been  delivered  to  the 
l)(),()()0-volt  transmission  lines  of  the  company, 
which  pass  near  b}-.  This  delivery  of  power 
made  unnecessary  an  elaborate  switching 
equipment,  as  is  ordinarily  required  at  a 
steam  plant  of  this  size.  Each  generator 
is  switched  through  a  motor-operated  oil 
switch  to  one  13,200-volt  bus  and  the  cur- 
rent is  then  stepped  up  by  two  18,750-kv-a. 
transformer  banks,  supplied  from  this  bus 
throvigh  similar  switches.  These  s\Yitches 
are  installed  on  the  main  turbine  room  floor, 
the  bus  being  located  just  below  this  floor,  in 
concrete    and    brick    compartments.       The 


stoi)-iip  transformers  arc  connected  i:j,2(M)- 
volt  delta  ()fl,(M)(l-volt  Y,  with  the  neutral 
grounded  on  the  high  side.  The  transformers 
and  the  (>fi,(l()()-v()ll  switching  ai)])aralus  are 
l)lace<l  outdoors.  Mach  transformer  is  switched 
on  to  a  cross  bus  and  two  (i(i,()()()-volt  trans- 
mission lines  are  su])i)lied  from  this  bus. 
Solenoid-operated,  outdoor  switches  are 
used  for  the  ()(i,()()()-volt  switching,  and  the 
outgoing  lines  arc  protected  by  aluminum 
cell  arresters.  The  outdoor  Oti.OOO-volt  bus 
and  switch  connections  are  built  of  galvanized 
iron  pipe,  and  are  sui)i)orted  on  pin  insulators, 
and  the  vertical  disconnecting  switches  are 
supported  on  pin  insulators. 

Figs.  11  to  19  show  the  principal  features 
of  this  station. 

The  construction  of  the  station  has  been 
carried  out  with  a  view  to  allowing  indefinite 
extension  in  units  similar  to,  or  larger  than, 
the  part  already  built.  With  the  growth  of 
the  station  it  is  probable  that  more  or  less 
distribution  w  11  take  place  at  i:i,000  volts 
from  this  point.  In  any  case  the  further 
extension  of  this  station  will  probably  require  a 
switch  house,  since  the  greater  number  of  gen- 
erators and  transformers  w-ould  make  advis- 
able a  more  complete  switching  equipment. 

The  author  wishes  to  acknowledge  the 
courtesies  and  assistance  extended  to  him  in 
the  preparation  of  this  paper  by  Mr.  J.  P. 
McKearin,  Electrical  Engineer  of  the  United 
Electric  Light  Company. 
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Hydro-Electric  Power  Collection 

By  Charles  P.  Steinmetz 

Consulting  Engineer,  General  Electric  Company 

This  article  amplifies  the  author's  contribution  published  in  our  August  issue.  He  discusses  a  future 
power  development  in  which  very  simple  generators  are  located  at  many  small  hydraulic  power  sources.  These 
pump  power  to  central  stations  where  it  is  controlled  and  fed  into  the  power  lines.  In  other  words,  he  does 
inversely  with  the  generator  what  we  have  done  so  successfully  for  many  years  with  the  electric  motor. — Editor. 

In  hydro-electric  plants,  by  far  the  largest 
part  of  the  cost  of  installation  is  usually  the 
hydraulic  development,  and  by  far  the  largest 
part  of  the  cost  of  operation  is  usually  the 
interest  on  the  investment.  Of  our  country's 
potential  water  powers  only  a  small  part  can 
be  economically  developed  by  our  present 
methods,  since  hydraulic  power  is  rarely 
found  so  concentrated  locally  as  to  make  it 
possible  to  bring  together,  in  one  generating 
station,  a  sufficiently  large  amount  of  power 
to  have  the  value  of  this  power  pay  for  the 
cost  of  the  hydraulic  development  required  to 
collect  the  power  in  one  place.  As  discussed 
in  a  previous  article,*  a  much  larger  amount  of 
the  country's  water  power  may  be  developed 
by  applying  to  electric  power  generation  the 
same  economic  principles  which  have  made 
the  electric  motor  so  successful.  That  is, 
to  have  individual  electric  generators  wher- 
ever water  power  exists,  and  collect  the  power 
electrically,  just  as  economy  requires  to  have 
individual  electric  motors  wherever  power  is 
used,  and  distribute  the  power  electrically. 
Thus,  when  it  is  economically  not  feasible  to 
collect  all  the  available  water  power  by 
extensive  .  and  correspondingly  expensive 
hydraulic  works  in  one  place  and  there  locate 
one  large  generating  station,  smaller  gen- 
erators may  be  located  along  the  water 
courses  and  throughout  the  water  shed, 
wherever  some  power  exists,  and  by  a  system 
of  collecting  lines — analogous  to  the  distribut- 
ing lines  of  motor  application — the  power  of 
all  these  numerous  generators  collected  in  one 
system.  These  individual  generators  would 
be  merely  power  producers,  but  the  control 
of  voltage,  of  frequency,  etc.,  would  be 
relegated  to  one  large  synchronous  generator 
or  synchronous  motor  station,  possibly  a 
steam  turbine  station  acting  at  the  same  time 
as  steam  reserve  on  the  system. 

Electric  generator  and  motor  are  identical 
machines,  and  if  motor  installations  usually 
are  very  simple,  comprising  merely  fuse  and 
connecting  switch,  while  generator  installa- 
tions  contain   an   elaborate   svstem   of   con- 


Gener.\l  Electric  Rev 


trolling  and  protective  devices,  the  difference 
is  not  due  to  the  nature  of  the  machine  and 
its  function,  but  to  the  size  of  the  installation. 
Thus  very  large  synchronous  installations 
also  have  a  more  elaborate  system  of  opera- 
tion and  control,  while  the  smaller  generators 
used  in  electric  power  collection  require  no 
more  elaborate  appliances  than  a  motor 
installation  of  the  same  size,  that  is,  in  the 
extreme  case,  merely  a  fuse  to  cut  off  in  case 
of  accident,  and  a  switch  to  connect  or  dis- 
connect. They  require  no  more  attention 
than  motor  installations,  that  is,  they  can  be 
left  to  run  themselves  without  any  attention 
beyond  an  occasional  inspection. 

In  larger  motor  installations,  the  syn- 
chronous motor  is  preferably  used  and  offers 
material  advantages,  except  in  those  cases 
where  specially  heavy  starting  duty  is  re- 
quired; but  for  smaller  motor  installations, 
the  induction  machine  is  exclusively  used, 
due  to  its  far  greater  simplicity,  and  thus 
reliability  under  these  conditions.  Thus 
also,  in  power  collectioii  by  distributed 
generators,  induction  machines  would  be 
used  for  all  but  very  large  units,  especially 
where — as  would  usually  be  the  case  with 
smaller  installations — the  generating  station 
is  to  be  operated  without  any  attention  beyond 
occasional  inspection.  The  induction  gen- 
erator is  the  typical  electric  power  generator 
applicable  for  these  smaller  stations;  it  is 
extremely  simple,  requiring  no  auxiliary 
appliances  or  machines  as  exciters;  it  con- 
verts into  electric  power  whatever  mechanical 
power  it  receives,  and  as  long  as  it  is  con- 
nected to  an  electric  system  capable  of 
receiving  electric  power;  it  does  not  attempt 
to,  and  cannot,  control  voltage  or  frequency, 
etc.,  but  leaves  all  the  control  to  a  central 
synchronous  controlling  station,  as  required 
in  such  a  power  collecting  system. 

Besides  the  advantage  of  simplicity,  due 
to  the  absence  of  an  exciter  plant,  perhaps 
the  most  important  advantage  of  the  induc- 
tion generator  over  the  synchronous  gen- 
erator, in  a  hydraulic  plant,  is  that  the 
induction  generator  cannot  be  damaged  by 
overload,   as  it  cannot  be  overloaded.     The 
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]iii\\rr  cnil|iul  nt  [\\v  cli'ctric  ^nuTalni-  is 
limiU'd  liy  tlu'  niaxiimim  jinwiT  wliii'li  tiif 
lixdraulic-  turhiiu'  or  waliTwlKT'l  fan  i:,'wv. 
In  tin-  intUiclitiii  m'lU'ralor,  I'lirR'iil,  \'oUaKi-' 
aiu]  piiwrr  mil  put  air  (k'linilcly  and  ri^^idly 
ri'lalt-'d  lo  cacli  iitluT,  and  thus,  with  a  j^ivcn 
maxinuini  power  (that  j^ivcMi  by  the  walcr- 
\vlu'i-l)  the  maximum  current  of  the  induction 
fjenerator  is  limited  and  no  excess  current 
can  occur.  Not  so,  howexer,  with  the  syn- 
chronous generator.  With  a  }:;iven  power 
output,  the  current  in  the  synchronous 
machine  feeding  into  a  system  varies  with 
the  excitation,  and  with  wrong  excitation 
a  synchronous  motor  may  be  oNcrloadt'd  by 
excessive  current,  though  its  power  outijut 
is  below  full  load.  Thus  overload  current 
protective  devices,  necessary  in  synchronous 
generators,  are  not  needed  in  induction  gen- 
erators. 

In  its  simplest  form,  such  a  power  collecting 
unit,  as  located  along  mountain  streams,  etc., 
thus  would  comprise: 

A  low  dam  across  the  creek,  just  high 
enough  to  raise  the  water  sufficiently  to  cover 
the  intake  to  the  pipe  line. 

A  few  hundred  feet  of  city  water  pipe. 

Some  simple  form  of  waterwheel,  driving 
a  low  voltage  induction  motor  as  generator. 

A  step-up  transformer  connecting  the 
induction  machine  with  a  medium  voltage 
power  collecting  line,  probablv  of  a  voltage 
between  10,000  and  30,000. 

A  disconnecting  switch  between  trans- 
former and  high  voltage  line. 

Fuses  between  induction  generator  and 
transformer,  to  cut  off  in  case  of  accident. 

To  this  may  be  added  an  integrating  watt- 
meter, to  keep  record  of  the  total  power 
delivered  by  the  unit. 

Ammeters,  voltmeters,  wattmeters  and 
frequency  meters  may  be  installed  in  larger 
stations,  for  the  information  of  the  inspector, 
for  test,  etc.,  but  are  of  no  use  in  operation, 
as  neither  current  nor  voltage  nor  frequenc}' 
can  be  controlled  in  the  induction  generator 
station,  but  are  controlled  from  the  main 
synchronous  station  of  the  system. 

As  the  hydro-electric  induction  generator 
cannot  be  overloaded  in  operation,  the  fuses 
between  generator  and  transformer  are  for 
the  purpose  of  cutting  off  in  case  the  machine 
is  held  at  rest  under  voltage,  as  would  occur 
if  the  turbine  were  stopped  by  accident,  such 
as  by  ice  or  other  obstructions. 

If  the  voltage  comes  off  the  line,  the  tur- 
bine races.  The  voltage  then  comes  on  again 
and    temporarily   large    currents    f:ow   while 


pulling  the  S|)eed  down  to  ncirinal.  Not  t(j 
cut  oil  in  this  case,  it  is  flcsiral)lc  to  iiave  time 
limit  fuses,  liial  is,  fuses  which  (Jn  not  l»low 
instantly  at  excess  current,  hut,  due  lo  the 
presence  of  a  heat-storing  element,  only  after 
some  time,  ])erhaps  a  minute  or  more.  That 
is,  such  fuses  as  arc  used  to  some  extent  in 
induction  motor  installation  for  the  jiurijosc 
of  cutting  off  if  the  motor  is  permanently 
stalled,  but  not  to  cut  off  under  the  tem- 
porary excess  current  of  starling. 

The  disconnecting  switch  between  trans- 
forn^er  and  high  frequency  collecting  line  is 
not  really  necessary,  but  in  general  it  is 
desirable  to  have  some  absolute  cut  off  for 
use  in  case  of  inspection,  testing,  repair,  etc. 

Lightning  protective  devices  may  or  may 
not  be  installed  in  the  induction  generator 
station,  depending  on  the  frequency  with 
which  lightning  is  met  in  the  territory,  the 
vakie  of  the  station,  etc.,  in  similar  m.anner 
as  applies  to  distribution  transformers;  or 
lightning  arresters  may  be  distributed  along 
the  power  collecting  lines,  as  is  som.etimes 
done  with  distribution  lines,  or  located  at 
special  strategic  points,  such  as  the  crest  of 
hills,  etc.  The  OF  arrester  is  specially  suited 
for  this  purpose. 

In  general,  outdoor  installation  of  appa- 
ratus would  be  used,  though  the  induction 
generator,  especially  if  large  in  size,  maj'  be 
housed  under  a  shed. 

A  speed  governor  on  the  turbine  appears 
unnecessary,  as  the  speed  cannot  be  varied  by 
the  governor,  but  is  held  by  the  frequency 
of  the  system  to  which  the  plant  is  connected, 
and  the  speed  governor  thus,  by  partly 
closing  the  gates,  could  only  reduce  the  out- 
put and  thus  waste  power.  An  excess  speed 
cut  off  may  be  used  to  limit  the  speed  in  case 
of  the  voltage  coming  off  the  line,  to  10  or 
20  per  cent  above  synchronism.  Tem- 
porarily, however,  the  turbine  would  probably 
run  up  to  its  free  running  speed  anyway, 
before  the  gates  are  shut  by  the  excess  speed 
cut  off.  Turbine  and  generator  thus  must  be 
built  to  stand  free  running  speed,  and  it 
therefore  is  simpler  and  preferable,  at  least 
in  smaller  installations,  to  omit  also  the  excess 
speed  cut  oft",  and  let  turbine  and  generator 
run  up  to  free  speed  if  the  voltage  comes  off 
the  line.  As  soon  as  voltage  is  again  put  on, 
the  load  pulls  down  the  speed  to  normal.  To 
be  able  to  pull  the  induction  generator  down 
to  normal  speed,  from  free  running  speed,  its 
speed-torque  curve  must  be  higher  than 
that  of  the  turbine,  in  the  entire  range  above 
normal   speed,   as  discussed  in  my  previous 
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paper,*  otherwise  the  machine  may  be  stalled 
at  over-normal  speed.  This,  however,  is 
rather  more  an  interesting  theoretical  possi- 
bility, except  in  large  machines  of  abnormally 
low  armature  resistance.  The  use  of  a  reason- 
ably high  internal  resistance  of  the  rotor,  as 
customary  in  squirrel  cage  motors,  eliminates 
this  possibility. 

Depending  on  local  conditions,  various 
arrangements  can  be  made  in  operating  the 
hydraulic  turbine: 

Where  the  water  supply  is  fairly  steady 
and  uniform,  the  simplest  arrangement  is  to 
let  the  plant  run  continuously,  taking  what- 
ever water  is  available  up  to  the  maximum 
power  of  the  turbine,  and  letting  the  surplus 
run  over  the  dam. 

Where,  as  is  usually  the  case,  there  are 
considerable  seasonable  variations  of  the 
volume  of  water,  but  the  variations  occur 
fairly  slowly,  the  simplest  arrangement  is 
the  use  of  a  turbine  with  several  nozzles, 
and  the  inspector  at  his  daily  or  weekly 
round  opens  or  closes  more  nozzles,  in  accord- 
ance with  the  available  water. 

Where  there  is  some  water  storage,  as  is 
often  the  case,  either  by  a  dam  impounding 
at  least  several  hours'  supply  of  water,  or  in 
some  reservoir  back  in  the  hills,  the  plant 
may  be  operated  intermittently.  Especially 
is  this  desirable,  if  power  is  more  valuable 
at  certain  times  of  the  day.  A  float  then 
closes  the  circuit  of  a  small  motor  when  the 
water  is  high,  and  the  motor  opens  the  gate 
and  thereby  turns  on  the  turbine.  Inversely, 
when  the  water  reaches  its  lowest  level,  the 
float  closes  the  circuit  of  the  motor  with 
reversed  phase  rotation,  the  motor  starts  in 
reverse  direction  and  closes  the  gate,  and  thus 
shuts  off  the  water.  Or,  the  motor  may  be 
permanently  in  circuit  and  open  the  gates 
and  keep  them  open  against  a  spring,  until 
the  float  reaches  its  lowest  position  and  cuts 
off  the  motor  and  the  spring  then  closes  the 
gates.  If  the  power  then  comes  off  the  line, 
the  gates  will  automatically  close  until  the 
power  comes  on  again.  This  gate  motor, 
connected  to  the  power  collecting  line,  starts 
and  turns  on  the  turbine,  if  the  water  level 
is  high,  and  if  there  is  voltage  on  the  collecting 
line.  Thus,  if  with  such  intermittent  power 
it  is  desired  to  use  the  power  during  certain 
parts  of  the  day,  the  power  collecting  line  is 
switched  off  at  the  main  control  station  when 
its  power  is  not  needed,  and  switched  on 
when  the  power  is  desired.  Thus,  when  the 
reservoir   is   filled   and    the  float   closes   the 
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motor  switch  during  a  part  of  the  day  when 
the  power  is  not  needed,  the  motor  does  not 
start  until  the  power  is  needed  and  voltage 
is  put  on  the  collecting  line  at  the  main  control 
station. 

With  such  an  arrangement  of  intermittent 
operation  between  the  collecting  line  and  the 
induction  generator  a  centrifugal  cut-in  and 
reverse  power  cut-out  relay  is  inserted. 
Thus,  when  the  water  gates  are  opened  and 
the  turbine  started,  as  soon  as  its  speed  has 
reached  a  certain  percentage  above  syn- 
chronism, the  centrifugal  relay  connects 
the  induction  generator  to  the  power  collect- 
ing line;  it  then  falls  into  step  and  delivers 
power.  When  the  reservoir  is  emptied  or  the 
water  gates  closed,  the  induction  machine 
would  still  revolve,  as  induction  motor  driv- 
ing the  turbine;  but  now  the  reverse  power 
relay  disconnects  it  from  the  power  line  and 
it  comes  to  rest. 

The  same  method  of  control  by  float  is 
also  usable  to  turn  turbine  nozzles  on  or  off 
with  the  variation  of  the  volume  of  water, 
where  there  is  no  storage  by  reservoir.  In 
this  case,  the  overflow  of  the  dam  is  made 
narrow  and  deep,  so  that  the  level  back  of 
the  dam  varies  appreciably.  The  float  back 
of  the  dam  then  closes  the  next  turbine 
nozzle,  when  in  the  lowest  position,  where  the 
overflow  nearly  stops,  and  opens  the  next 
nozzle  when  the  overflow  has  risen  so  much 
that  the  water  flowing  over  it  is  ample  to 
feed  an  additional  nozzle. 

In  this  case,  where  the  creek  does  not  run 
entirely  dry,  centrifugal  cut-in  and  reverse 
power  cut-out  obviously  are  unnecessarJ^ 
but  one  nozzle  would  always  remain  open. 

In  general,  the  induction  generator  instal- 
lation finds  its  best  place  where  there  is  a 
fair  head  but  small  volume  of  water,  and  thus 
a  very  simple  arrangement  of  induction  motor 
direct  connected  to  impulse  waterwheel  can 
be  used  along  creeks,  mountain  streams, 
etc. 

It  is  not  the  solution  of  the  problem  of  the 
low  head  water  power,  however,  because  the 
very  low  speed  and  thus  very  large  number  of 
poles  required  for  direct  connection  in  low 
head  water  powers,  makes  the  induction  type 
of  machine  even  less  adapted  than  the  syn- 
chronous machine,  and  small  and  moderate 
sized  induction  generator  installations  for  low 
head  water  powers  in  general  require  chain, 
belt  or  rope-drive. 

In  small  low  head ,  powers  the  cost  of  the 
dam  will  rarel}'  permit  economical  develop- 
ment.      However,     there    are    many    cases 
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tliroiiKlit'iil  ihc  rountry  whcri.'  low  head  dams 
have  been  built  or  are  beinj;  built  for  other 
|)ur|)t)ses:  for  bankiiij;  up  the  water  for 
irrij^ation,  for  the  use  of  eondeiisers  in  bijj 
steam  stations,  for  navij,'ation  and  canaliza- 
tion, etc.  Possibly  in  inost  of  these  cases 
there  is  a  surplus  of  water  which  is  wasted  as 


overflow,  and  can  be  utilized  in  an  induction 
generator  i)lant.  In  this  case  the  plant  is 
economically  feasible  as  the  cost  of  the  dam 
is  not  charj;eable  aj;ainst  the  hydro-electric 
develo])ment,  and  this  constitutes  the  second 
in-.portant  apjjlication  of  the  induction  ;;en- 
erator  for  hydro-electric  power  collection. 


Induction  Generator  Plants 

Hy  C.  M.  Rii'LKV 
PiBLicATioN  Bureau,  General  Electric  Company 

In  this  issue  Dr.  Steinnictz  discusses  a  method  of  power  collection,  the  use  of  which,  to  some  extent,  may 
be  warranted  by  future  economic  conditions.  In  a  very  few  instances,  and  under  specially  favorable  circum- 
stances, the  induction  generator  plant  with  little  or  no  attendance  is  able  to  justify  its  installation.  The 
author  presents  a  brief  description  of  such  of  these  as  have  been  in  operation  for  a  sufficient  time  to  have 
demonstrated  their  practicability.  If  the  prices  of  coal  and  labor  continue  to  soar  at  their  present  rates,  it  is 
possible  that  the  small  induction  generator  plant  may  soon  be  economically  more  feasible  than  it  is  at  pres- 
ent.— Editor. 


Introduction 

In  the  days  of  our  frugal  forefathers,  coal 
was  neither  convenient  nor  cheap  in  the 
Eastern  States.  And  so  the  streams  of  rapid 
flow  and  the  small  natural  waterfalls  were 
dotted  with  waterwheel  "grist  mills,"  where 
the  farmers  had  their  grain  ground  into  flour, 
etc.  Now  nearly  all  of  these  grist  mills  have 
been  dismantled  or  have  fallen  into  decay — 
passing  out  of  active  use  along  with  the 
abandoned  farms,  because  the  locations  are 
now  unsuited  for  industrial  plants.  The 
water  powers,  however,  are  still  in  existence. 

In  many  cases  these  water  powers  can  now 
be  utilized  for  collecting  this  power  and  feed- 
ing it  into  the  electric  system  of  either  an  in- 
dustrial plant  or  an  electrical  company.  The 
generators  best  suited  for  these  small  plants 
are  regular  induction  motors  of  the  squirrel 
cage  type,  which  have  no  commutators  nor 
brushes  and  are  extremely  simple. 

The  Pacific  Power  and  Light  Corporation 
have  had  an  induction  generator  plant  in 
operation  in  the  Naches  Valley,  near  North 
Yakirha,  Washington,  since  1915.  The  power 
plant  consists  of  a  small  building  29  by  30 
ft.  and  contains  one  Pelton  Francis  water- 
wheel  of  1900  h.p.  which  is  connected  to  a 
1400-kw.  2300-volt  3-phase  General  Electric 
induction  generator.  The  hydraulic  head  is 
50  feet. 

The  only  intruments  on  the  generator  panel 
are  a  voltmeter,  ammeter  and  two  wattmeters, 
one  indicating  and  the  other  integrating, 
and  a  generator  oil  switch  of  General  Electric 
make,  equipped  with  a  low  voltage  release  and 


an  overload  trip.  A  tachometer  is  provided 
to  show  the  speed  when  the  unit  is  started  up. 

Three  transformers  of  500  kv-a.  capacity 
feed  the  power  into  the  66,000-volt  trans- 
mission system,  which  is  less  than  three  miles 
from  the  plant.  Because  of  the  simplicity  of 
the  outfit,  the  entire  plant  is  operated  without 
an  attendant. 

During  the  first  two  years  of  its  operation  it 
generated  over  twelve  million  kilowatt  hours, 
and  it  is  quite  probable  that  the  operating 
cost  of  this  plant  is  the  lowest  ever  reached  by 
any  power  plant  of  similar  capacity. 

Those  engineers  who  are  familiar  with  the 
plant  state  that  it  is  impossible  either  to  over- 
excite  or  under-excite  the  generator — it  is  fool- 
proof. It  cannot  be  overloaded  because  the 
waterwheel  capacity  is  less  than  the  capacity 
of  the  generator;  it  cannot  bum  out  due  to  a 
short  circuit  outside  of  the  generator,  because 
the  short  circuit  will  take  away  the  excitation, 
and  without  excitation  the  generator  will  not 
generate.  The  voltage  and  frequency  of  the 
system  are  determined  by  the  s^Tichronous 
generators,  which  are  controlled  by  governors 
and  voltage  regulators.  The  load  dispatcher 
at  the  near-by  synchronous  plant  instructs  the 
patrolman  how  far  to  open  the  waterwheel 
gate  of  the  induction  generator  plant  to  de- 
liver the  load  desired.  When  the  induction 
generator  circuit  breakers  are  tripped  the 
machine  speeds  up,  but  since  the  generator  is 
designed  to  withstand  100  per  cent  over  speed 
no  damage  can  result. 

After  a  shut  down  the  machine  is  put  into 
sers'ice  as  follows:    The  waterwheel  gates  are 
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opened  gradually  until  the  machine  is  rotating 
at  about  its  normal  speed.  When  synchronous 
speed  is  obtained,  the  generator  switch  is 
closed.  Experience  has  shown  that  it  is  best 
to  close  the  switch  when  the  machine  is  run- 
ning slightly  below  synchronous  speed.  A 
stroboscopic  indicator  is  provided  to  tell  when 
synchronism  is  reached.  An  arc  lamp  con- 
nected with  the  circuit  is  so  hung  as  to  illu- 
minate a  series  of  black  and  white  stripes 
painted  alternately  on  the  generator  shaft. 
The  number  of  stripes  correspond  to  the  num- 
ber of  poles  on  the  generator.  The  arc  lamp, 
which  is  placed  inside  the  frame  between  the 
generator  and  the  waterwheel,  illuminates  the 
striped  shaft  and  the  stripes  appear  to  move 
slowly  ahead  or  backward,  depending  on 
whether  the  machine  is  running  above  or 
below  synchronism.  When  running  at  syn- 
chronous speed  the  stripes  appear  to  be 
stationary. 

The  plant  is  connected  to  a  transmission 
system  of  300  miles  of  66,000-volt  lines  and  112 
miles  of  25,000-volt  lines.  The  load  is  small 
and  the  system's  power  factor  is  leading  ex- 
cept during  the  irrigation  season  or  at  other 
times  when  there  is  a  heavy  demand  for  power. 

During  those  periods  when  ice  prevents  full 
operation  of  the  hj^draulic  plant,  the  problem 
of  handling  the  charging  current  has  been  a 
difficult  one,  until  recently.  Since  the  Drop 
plant  has  bean  in  operation,  however,  this 
difficulty  has  been  considerably  ameliorated, 
because  825  kv-a.  is  required  for  magnetization 
current.  This  current  is  supplied  by  the  con- 
denser action  of  the  transmission  system  and 
assists  the  synchronous  generator  just  that 
much.  When  ice  prevents  the  operation  of 
the  induction  unit  in  the  winter,  the  generator 
is  kept  running  as  an  induction  motor,  merely 
for  the  purpose  of  neutralizing  a  portion  of  the 
line  capacity. 

On  occasions,  the  generator  has  maintained 
a  voltage  oij  the  system  and  carried  a  load 
when  the  synchronous  apparatus  has  been 
tripped  off.  Under  these  conditions  it  has 
been  found  that  the  frequency  and  load  are 
proportional  to  the  waterwheel  gate  opening, 
while  the  voltage  will  depend  upon  the  length 
of  line  connected  and  the  voltage  of  the  system 
at  the  instant  the  synchronous  apparatus  is 
disconnected.  The  load  voltage  and  charging 
current  will  change  with  the  frequency,  which 
changes  with  a  change  in  the  waterwheel  gate 
setting. 

The  only  attention  that  has  been  found 
necessary  is  given  by  the  canal  patrolman, 
who  visits  the  plant  in  the  morning  to  inspect 


the  lubrication  and  record  the  wattmeter 
reading  and  at  night  to  make  such  changes  in 
the  gate  opening  as  may  be  requested  by  the 
load  dispatcher.  Occasionally  the  induction 
generator  will  trip  off  the  line  and  it  is  then 
the  duty  of  the  canal  patrolman  to  put  the 
unit  back  into  service.  The  beat  of  this 
patrolman  covers  only  four  miles,  one  mile 
above  and  three  below  the  Drop  plant,  and  as 
a  telephone  is  installed  every  mile  along  the 
canal  it  is  customary  for  the  patrolman  to  re- 
port to  headquarters  at  each  station.  He  is 
therefore  never  more  than  three  miles  from 
the  plant  during  the  daytime,  and  as  his  sleep- 
ing quarters  are  in  a  house  near  the  fore  bay, 
with  telephone  connection,  he  can  be  reached 
at  any  time  of  night. 

All  in  all,  the  engineers  are  impressed  with 
the  fact  that  the  installation  is  fool-proof,  al- 
most proof  against  neglect,  and  practically 
without  operation  costs.  An  account  of  the 
operation  of  this  plant  under  various  condi- 
tions is  given  in  the  following  abstract  from 
letters  written  by  J.  H.  Siegfried,  Superin- 
tendent of  Power: 

"  I  am  enclosing  herewith  a  copy  of  the  data  taken 
at  the  Drop  plant  when  the  induction  generator  was 
running  alone,  carrying  the  load  from  the  Drop 
plant  to  Keenewick,  a  distance  of  110  miles.  There 
was  no  synchronous  apparatus  on  the  line  to  furnish 
the  magnetizing  current,  but  the  magnetization  was 
taken  care  of  by  the  capacity  current  of  the  high 
tension  line.  You  will  note  also  that  the  method  of 
getting  data  was  as  follows: 

"All  generating  stations  except  Naches  and  Drop 
plant  were  disconnected  from  the  line,  and  the  load 
and  current  being  carried  by  the  Naches  plant  on 
the  66  kv-a.  line  was  brought  to  zero,  after  which  the 
Naches  plant  was  disconnected  from  the  line,  leaving 
the  induction  generator  to  carry  the  load  alone. 
The  speed  was  then  increased  gradually  from  fifty 
cycles  to  sixty-four  cycles  and  readings  taken  at 
every  two  cycles,  the  data  showing  very  plainly  that 
as  the  speed  increased  the  voltage  increased,  and 
with  it  the  charging  current  of  the  line.  This  in 
turn  increased  the  magnetization  of  the  generator, 
and  the  voltage  rose  still  higher  due  to  this. 
(Table  I.) 

"At  another  time  we  increased  the  length  of  the 
line  thirty-five  miles,  adding  750  kv-a.  in  high  ten- 
sion transformers  to  those  already  showing  on  the 
accounting  sheet.  The  load  at  the  two  substations 
was  practically  zero,  but  you  will  note  from  the  data 
that  the  load  increased  on  the  generator,  as  did  the 
current  and  voltage  when  the  machine  was  at  normal 
speed.  (Table  II.)  The  greater  part  of  the  in- 
creases in  load  was  due  to  the  increase  in  voltage. 

"There  was  connected  to  the  line  11,750  kv-a.  in 
transformers,  which,  together  with  the  magnetizing 
current  for  the  induction  generator,  brought  the 
power  factor  to  a  reasonable  figure  when  the  machine 
was  running  at  normal  speed  and  normal  voltage. 
The  load  at  this  time  of  the  morning  consisted  of 
lighting  load,  and  the  power  factor  was  leading. 

"  In  regard  to  the  stability  of  the  machine  running 
alone   and   receiving  its   magnetizing  current  from 
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TADLE    I 

READINGS   TAKEN    AT  THE    DROP   PLANT    WHEN    THIS    STATION    WAS    RUNNING   ALONE 
ON   THE   66-KV-A.   SYSTEM   WITH    110   MILES  OF   LINE 




Load 

WattleM 

Cycl« 

Kilowatts 

Amperes 

Current 

Current 

50 

300 

210 

210 

225 

75 

74 

7.-. 

174 

116 

175 

52 

250 

220 

220 

235 

79 

79 

KO 

179  J^ 

128 

179 

54 

425 

240 

245 

250 

88 

88 

89 

186 

140 

195 

56 

525 

255 

260 

270 

94 

94 

96 

192  J^i 

162 

197 

58 

650 

285 

285 

290 

99 

99 

100 

200 

190 

212J^ 

60 

675 

285 

290 

295 

110 

110 

110 

207 

177 

22a 

62 

750 

2!)5 

;uio 

:505 

117 

117 

118 

212 

185 

230 

64 

875 

:n5 

:?25 

:i  1 5 

128 

126 

128 

222 

197 

246 

the  high  tension  lines,  I  would  say  we  have  never 
observed  anything  which  would  indicate  an  un- 
stable condition.  In  making  tests  we  have  dropjied 
the  Naches  plant  when  it  was  carrying  100  amperes 
of  the  charging  current,  but  this  did  not  seem  to  af- 
fect the  Drop  plant  operation  at  all.  In  the  last 
two  years  we  have  had  all  sorts  of  hne  trouble  which 
caused  us  to  lose  the  stations  containing  synchronous 
apparatus,  but  the  Drop  plant  has  hung  on  and  car- 
ried the  load  after  all  the  other  stations  have  tripped 
off  automatically.  There  are  no  synchronous  motors 
fed  from  the  66,000-volt  system  west  of  Keenew-ick." 


Kilowatts             Amperes 

Volts                     Speed 

800                    320 

310 

1          310 

105                  207 

10(i 
lU.-) 

Thirty-five  miles  of  66-kv-a.  line  added  to  the  110 
miles  already  charged. 


The  San  Joaquin  Light  &  Power  Corpora- 
tion has  in  operation  two  induction  generator 
plants,  one  of  which  is  known  as  the  Crane 
Valley  power  house,  and  the  other  the  Res- 
ervoir 1-A  power  house.  It  is  estimated  that 
the  former  will  deliver  yearly  three  and  one 
half  million  kilowatt-hours  and  the  latter 
practically  three  million  kilowatt-hours.  The 
hydraulic  head  for  each  of  these  plants  is 
created  by  the  main  reservoir  dam,  and  they 
thus  utilize  the  energy  which  otherwise  would 
be  wasted  in  the  flow  of  the  water  from  the  res- 
en'oir  to  the  fore  bay  for  the  penstocks  of  the 
main  generating  station. 

The  hydraulic  head  at  the  Crane  Valley 
jjower  house  varies  from  SO  to  120  feet.  The 
waterwhecl  is  rated  at  1740  h.p.,  4.50  r.p.m. 


and  is  connected  to  a  1000-kv-a.,  2;J00-volt,  (iO- 
cycle,  three-phase,  squirrel  cage  induction 
generator.  The  set  is  designed  to  operate 
safely  at  100  per  cent  over  speed.  As  is  cus- 
tomary with  the  induction  generator,  no 
governor  is  used  as  the  frequency  is  controlled 
from  the  main  generating  plant.  The  switch- 
board contains  an  automatic  oil  switch,  am- 
meter, voltmeter  and  integrating  wattmeter. 
The  generator  potential  is  raised  to  70,000 
volts  by  three  400-kv-a.  transformers,  and  the 
energy  is  delivered  to  the  main  network  of  the 
system  through  a  transmission  line  seven  miles 
long. 

The  Reser\-oir  1-A  plant  is  located  at  the 
fore  bay  reser\oir  for  Power  House  No.  1 .  The 
hydraulic  head  is  39  feet  and  the  water  is  the 
same  as  that  which  earlier  supplies  the  Crane 
Valley  power  house.  The  equipment  consists 
of  a  600-h.p.,  240-r.p.m.  reaction  turbine  di- 
rect-connected to  a  42o-kv-a.,  3-phase,  squirrel 
cage  induction  generator.  The  voltage  is 
()600.  This  generating  unit  is  also  good  for 
double  speed.  A  small  magneto  belted  to  the 
shaft  indicates  the  speed  of  the  set  on  a  direct 
current  voltmeter.  A  float  switch  in  the  ditch 
controls  the  motor  which  regulates  the  wicket 
gates  of  the  turbine  to  maintain  the  water 
level  at  a  constant  height  above  the  intake  to 
the  penstocks  of  the  main  power  house.  Xo 
regular  attendant  is  necessary  although  it  is 
visited  from  time  to  time  by  the  patrolman. 

It  would  have  been  economically  imprac- 
ticable to  use  these  extremely  variable  heads 
with  a  complicated  installation  requiring  con- 
tinual supervision. 

A  small  100-h.p.  plant  of  the  Greenfield 
Electric  Light  &  Power  Company  is  operated 
under  the  supervision  of  Mr.  C.  F.  Mosher. 
Supt.  of  Stations  of  the  Turners  Falls  Power 
&  Electric  Company.  A  condensed  descrip- 
"tion  of  the  plant,  together  with  an  interesting 
discussion  of  the  proper  charge  for  the  dam. 
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which  was  needed  for  condensing  water,  are 
best  told  in  the  following  words  by  Mr.  Mosher : 
"The  Greenfield  Electric  Light  &  Power 
Company  has  had  in  service  since  late  in  191.3 
a    small    induction    generator    hydro-electric 


Fig.  1.     Plan  and  Elevation  of  the  Green  River  Induction  Generator  Plant  of  the  Greenfield 
Electric  Light  &  Power  Co.  as  Originally  Constructed.      Protection  against  floods  has 


plant,  located  on  the  Green  River  at  the  Mill 
Street  Bridge  in  Greenfield,  Mass.,  shown  in 
detail  on  Fig.  1,  together  with  photograph 
of  dam  and  building  exterior.  Fig.  2,  and 
described  as  follows; 

"There  is  a  watershed  above 
the  dam  with  an  area  of  ap- 
proximately 50  square  miles. 
The  dam  itself  is  a  concrete 
gravity  type  ogee  section,  with 
a  spillway  164  ft.  long,  creat- 
ing a  head  of  SJ^  ft-  from  its 
crest  to  tail  water.  This  is  in- 
creased to  1 1 34  ft.  by  means  of 
flashboards  during  the  season. 

"The  wheels  are  two  in 
number,  set  in  an  open  flume 
in  a  common  horizontal  shaft. 

"The  original  installation 
consisted  of  two  100-h.p., 
3-phase,  60-cycle,  2300-volt 
squirrel-  cage  induction  motors 
belted  to  the  main  shaft  in  a 
separate  room  adjoining  the 
wheel  cham„ber.  The  switch- 
ing installation  consists  of  a 
single  panel  mounting  an 
ammeter,  a  watthour  meter 
and  an  autom_atic  oil  switch 
connecting  the  motor  to  one 
of  the  Company's  distribution 
circuits  adjacent  to  the  plant. 

"A  hydraulic  relay  gover- 
nor is  installed  to  control  the 
no-load  speed  of  the  unit  to 
about  15  per  cent  above 
normal. 

"The  generator  room  is  so 
low  and  t"he  river  rises  so 
rapidly  at  times  that  trouble 
was  experienced  in  the  belt 
pit  and  once  in  the  room  itself, 
causing  such  serious  belt 
troubles  that  in  1916  the 
motor  was  reset  at  a  higher 
elevation  and  a  silent  chain 
drive  substituted  for  the 
form.er  belt  drive. 

"The  annual  output  of  the 
plant  has  been  as  follows: 

Kw-hr. 

191-1 174,380 

1915 263,360 

1916 158,180 

1917 238,380 

1918 177,180 

or  a  total  of  1,009,480  kw-hr. 


necessitated  ; 


gement  of  the  plant,  involving  silent  chain  drive 


in  five  3^ears. 


IXDlCrioX   CllXI-RAIOk    l'l,.\.\'l\S 


!»(i7 


charged    to    this 


■'Thr  l(il;il  phinl   iii\  (.■slllK'Hl   is  .S2(i,  I  l.'I.SI), 
divided  as  follows: 
Land  and  walor  ntihls $  ;i,()(l().(l() 

Dam i:i,()i'.i.;n 

HlciR.  foundalions  and  wlicel  chanihcr    .  .      ."),.'{")-t.l  ") 
Klct'l.  and  hydraulii'  (.'quipmonl   4,77().:i4 

The  repair  and  maintenance  cost  has  been  as 
follows: 

1914 $61.8.-) 

1915 :«2.<)8 

1916 3r)8.44 

1917 86.:35 

1918 101.17 

a  total  of  $940.1)!)  for  the  five  years,  or  !);32.j 
mills  per  k\v-hr. 

"No  operating  labor  i; 
plant,  for  it  is  located  about  ■  s 
of  a  mile  from  the  Company's 
steam  plant  and  the  only  regu- 
lar attendance  given  is  a  visit 
three  times  daily  from  one  of 
the  steam  plant  operators  on 
his  way  from  or  to  work.  On 
this  visit  an  inspection  of 
bearings,  racks,  etc.,  is  made, 
and  if  necessary,  racks  raked 
or  the  outfit  started  up  or 
shut  down,  as  ma>-  be  indi- 
cated by  the  water  condi- 
tions. 

"Most  of  the  repair  and 
maintenance  expense  consists 
of  flashboard  maintenance, 
these  having  to  be  replaced 
complete  once  each  year. 
The  higher  costs  for  1915  and 
1916  were  due  to  necessary 
belt  repairs  and  to  replacing 
of  belt  with  silent  chain,  as 
referred  to  before. 

"It  will  be  seen  that  if 
fixed  charges  of  15  per  cent  per  annum  for  the 
equipm.ent  and  10  per  cent  per  annum  for  the 
remaining  investment  is  charged  against  the 
output  the  statement  would  be  as  follows, 
assuming  an  average  annual  output  of  200, 000 
kw-hr.  and  an  average  annual  repair  and 
m_aintenance  charge  of  .$200 : 

1.5  per  cent S4770.34 — S715.5,i 

10  per  cent 21.369.46—21,36^9.5 

2852.50  303230  . 

Rep.  &  Main 200.00  200000  -*'"^-  P"  '"^"'"■• 

Total $.3052.50 

"The  answer  in  this  particular  case  is  this: 
An  old  log  dam  and  grist  mill  occupied  this 
location  for  years  and  from  the  pond  above  the 
dam  the  Company  obtained  the  absolutely 
necessary  condensing  water  for  its  steam 
plant.    In  the  course  of  years  the  grist  mill  was 


■  ibandoned  and  the  log  dam  became  rlilap- 
idaled  bey(jnd  repair,  so  that  the  C(>m])uny, 
to  ])rolect  its  coiKJeitsing  writer  sujiply,  found 
it  necessary  to  purchase  the  jjropcrty  and 
build  a  new  concrete  dam.  Under  these 
circumstances  there  is  chargeable  against  this 
h\-dro-electric  jjlant  output  only  the  main- 
tenance charges  and  fixed  charges  on  the 
buildings,  foundations  and  wheel  chambers 
and  equipment,  so  the  statement  becomes  as 
follows: 

15  per  cent $4770.34— $715..". 

10  per  cent 5.354. l.'i —  .')33.42 

12.50.97     1 4.50!I7 

Rep.  &  Main apOOO    200000  "      "  '""'  ■"■■""'• 

Total $1450.97 


Fig.  2.      Green  River  Plant  of  Greenfield  Electric  Light  8s  Power  Co.      Photograph  shows 

the  dam  and  tiny  Power  Plant.     The  cable  running  up  the  side  of  the  electric 

light  pole  connects  this  small  generating  station  with  the  main  system 


It  would  seem  to  be  apparent  from  the 
above  that  this  method  of  utilizing  a  small 
power  for  this  partictilar  case  under  discussion 
has  been  a  commercially  feasible  proposition, 
but  it  would  seem  equally  apparent  from  the 
figures  given  above  that  this  installation 
would  not  earn,-  itself  as  a  commercial  prop- 
osition if  fixed  charges  on  the  entire  cost  of 
development  were  charged  against  the  output, 
on  the  basis  of  S7.00  coal." 

The  Taylor- Wharton  Iron  &  Steel  Company 
at  Highbridge,  Xew  Jersey,  have  an  induction 
generator  plant  operating  on  a  head  of  14  feet. 
Between  May,  1918.  and  May,  1919,  inclusive, 
it  generated  126,800  kilowatt  hours.  The 
cost  of  operation  amounts  to  about  SI 50.00 
per  year.  A  foundry  employee  makes  an 
additional  50  cents  per  day  by  looking  in  at 
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ANTS 


llir  |ilanl  iii  llir  morning.  I"  Sfo  if  il  is  uiK-d 
pn)i».Tl\ .  lie  llicn  locks  tin.'  door  uiUil  his  ri'- 
1  urn  Irij)  homo  in  the  I'vonin^;;.  The  power  eosl 
runs  between  one  half  cent  and  one  and  one 
([uarter  cents  per  kilowatt  hour,  (lei)endin)^  on 
conditions.  The  C\)mpan\-  has  under  con- 
sideration the  deejieninj,'  and  widenin;^'  of  the 
canal  leadin<'  from  the  ri\er  to  the  nond  whit'h 


(n;nc'ra]  Ulcclric  squirrel  ca^:  induction  motor 
serves  as  a  ^(eneralor. 

Mr,  B.  T.  W'orth,  V'ice-President  of  Walter 
Kiddett  Comiiany,  of  New  York,  who  were  the 
lin).;ineers  and  Constructors  of  this  installa- 
tion, is  intensely  interested  in  its  performance, 
and  is  hijjhly  jjleased  with  the  low  oijcrating 
cost  and  the  reliable  sen'ice  which  it  renders. 


I  of  the  Induction  Generator  Plant  of  Taylor  Wharton  Iron  and  Steel  Company.  High  Bridge 
This  plant  is  illustrated  in  Figs.  4.  5,  6.  and  7 


lies  just  above  the  power  plant.  By  this  im- 
provement it  has  been  estimated  that  30  per 
cent  more  power  output  for  the  same  charge 
can  be  obtained.  It  will  be  interesting  to 
watch  the  effect  of  this  improvement  if  car- 
ried out,  and  the  figures  a  year  from  now  may 
make  a  still  better  showing.  The  extreme 
simplicitv  of  the  installation  is  shown  bv 
Fig.  3. 

This  little  plant,  which  is  II  ft.  by  22  ft.  by 
15  ft.  high,  is  located  at  the  lower  end  of  an 
old  mill  pond,  and  is  practically  built  into  the 
end  of  the  f^ume,  thus  almost  eliminating  the 
expense  of  a  dam.  The  bank  of  the  mill  pond, 
which  is  also  the  main  road,  forms  the  dam. 
The  walls  of  the  power  house  are  part  of  the 
flume,  which  is  13()  ft.  long  and  12  ft.  wide. 
A    2(K)-h.p.,    3-phase,    22()()-volt,    600-r.p.m. 


CONCLUSION 

These  Plants  Utilize  Heads  Too  Small  to  be  Profitably 

Developed  by  Synchronous  Generating  Plants 


Name  of  Plant 

Kilowatt  Hours 
Per  Year 

Pacific  Power  &  Light  Co. 

Drop  Plant  (1400  kw.) .... 

San  Joaquin  Light  &  Power  Corpora- 
tion 

Crane  Valley  Plant  (1000  kv-a.) 
San  Joaquin  Light  &  Power  Corpora- 
tion 

Reservoir  1-A  Plant  (425  kv-a.) . 
Greenfield    Electric   Light   &   Power 
Companv 

Green'River  Plant  (100  h.p.)  .  .  . 
Taylor  Wharton  Iron  &  Steel  Com- 

6,000,000 

3,500,000 

3,000.000 

250,000 
150,000 

12,900,000 
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Preventing  Versus  Correcting  Poor  Power-factor 

By  H.  Goodwin,  Jr. 
Power  and  Mining  Engineering  Department,  General  Electric  Company 

All  large  power  companies  have  the  problem  of  power-factor  constantly  before  them,  limiting  the  capacity 
of  apparatus,  causing  excess  losses  in  transmission  and  distribution  systems,  and  making  voltage  regulation 
difficult.  Other  authors  have  brought  out  the  point  that  much  can  be  done  by  fully  loading  induction  motors 
to  avoid  the  expense  incurred  by  the  use  of  synchronous  condensers  for  corrective  purposes.  In  this  article 
the  author  makes  some  valuable  practical  suggestions  for  aiding  in  maintaining  the  load  and  power-factor  of 
induction  motors. — Editor. 


All  engineers  dealing  with  alternating  cur- 
rent are  more  or  less  concerned  with  ' '  power- 
factor,"  and  the  general  subject  of  poor  power- 
factor  has  received  a  great  deal  of  attention. 
Transmission  engineers  have  been  most  partic- 
ularly concerned  with  power-factor  because 
it  is  on  long  transmission  lines  that  its  effects 
are  most  severely'  apparent. 

The  suggestions  for  improvement  in  power- 
factor  may  be  divided  generally  into  two 
classes:  corrective  and  preventive.  The  cor- 
rective measure  consists  in  the  application  of 
condensers,  either  synchronous  or  static.  The 
preventive  measures  include  the  improvement 
of  the  power-factor  of  motors  by  the  use  of 
synchronous  raotors  or  induction  motors  oper- 
ating at  full  load. 

The  application  of  corrective  measures  is 
usually  a  problem  large  enough  and  so 
definite  that  it  is  placed  in  the  hands  of 
engineers  with  proper  information  and  facili- 
ties for  making  recommendations.  Further, 
the  economy  of  correction  can  be  definitely 
evaluated. 

The  application  of  preventive  measures  is 
apt  to  be  a  very  intangible  problem  and  to 
be  in  the  hands  of  persons  having  little  inter- 
est in  it.  However  new  interest  in  it  is  being 
added,  in  many  cases,  by  the  rapid  intro- 
duction of  demand  charges  proportional  in 
some  measure  to  the  kilovolt-ampere  demand 
instead  of  the  kilowatt  demand.  So  it 
behooves  every  power  user  to  make  studies  of 
demand  conditions  in  his  plant  either  for 
present  benefit  or  in  anticipation  of  future 
benefit,  or  in  an  effort  toward  general  national 
efficiency  and  economy  in  the  use  of  our  power 
supply.  Many  surveys  have  proved  that,  in 
general,  industrial  plants  are  largely  "over 
motored." 

It  is  therefore  the  purpose  here  briefly  to 
suggest  some  devices  which  have  proved 
useful  to  the  practical  plant  engineer  or 
electrician  in  meeting  problems  which  really 
only  he  can  solve  satisfactorily.  Doubt- 
less many  of  these   have  read  with  interest 


articles  on  "over  motoring"  and  the  resultant 
poor  power-factor,  but  have  been  at  a  loss 
as  to  how  to  apply  them  in  their  particular 
cases.  They  may  have  counted  their  total 
motor  load  and  compared  that  with  the 
demand  and  seen  the  large  difference,  and  yet 
not  know  just  what  to  do  next. 

The  next  step  is  to  make  tests,  preferably 
periodic  tests,  and  to  keep  a  record  of  the  tests. 
The  accompanying  illustrations  show  means 
for  facilitating  these  two  operations.  They 
need  not  be  followed  absolutely,  but  may  be 
modified  to  suit  conditions  in  each  plant  or 
material  already  available. 

It  is  essential  that  tests  be  made  as  far  as 
possible  without  interruption  to  the  service. 
Switches  or  fuses,  acrOss  which  instruments 
may  be  connected,  are  often  in  semi-accessible 
places  where  changing  of  instrument  con- 
nections would  be  difficult.  To  meet  both 
these  conditions,  it  has  been  found  very 
helpful  to  connect  leads  to  the  switch  or  fuses 
in  the  motor  circuit,  and  carry  these  to  a 
portable  test  board  with  switches  and  ter- 
minals for  the  ready  connection  of  the 
instruments.  Such  a  board  is  shown  in  Fig.  1. 
With  the  current  and  potential  double-throw 
switches  a  and  b  open,  connections  are  made 
to  the  circuit  and  instruments.  Various 
screw  connectors  and  clamps  have  been 
devised  for  connection  to  switches  and 
wires  and,  for  moderate  sizes,  have  proved 
very  satisfactory.  The  connections  shown 
dotted  are  permanent  and  may  be  made  on 
the  back  of  the  test  board,  or  on  the  face  with 
insulated  wire.  All  back  connections  should 
be  fully  protected  by  another  board.  The 
fuses,  switch  blades  or  connections  which  have 
been  bridged  are  then  opened  and  everything 
is  ready  to  take  readings.  Switches  a  and  b 
are  both  thrown  to  position  A. 

It  is  noted  that  the  voltage  is  approxi- 
mateh'  normal.  The  current  short  circuiting 
switch  C  is  opened,  with  readiness  to  close  it 
qtiickly  again  should  the  ammeter  scale  be 
too  low  or  should  the  wattmeter  read  reversed. 
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'I'lu-  watliiK'tor  coniieclions  sliould  he  checked 
i-iU'i'lullN',  lii'oauso  if  tlio  ixiwcT-farlor  is  lielow 
I).')  till' iiistrunu'iU  will  read  rcviTsi'd, and  while 
it  will  1)0  necessary  to  close  ( '  and  inlerchanKc 
the  current  leads,  the  reading,'  must  be  sub- 
tracted from  the  other  phase  readinj^  obtained. 
To  obtain  reaihnj^s  on  the  other  phase  it  is 
iMily  necessary  to  close  C  and  "throw  over" 
I)  antl  b  and  open  C. 

Then  con\cs  the  duty  of  recording  the 
readings  obtained.  The  value  of  many 
important  motor  tests  has  been  entirely  lost 
because  there  was  no  systematic  means  of 
recording::  them.  Some  plants  have  made 
notable  records  for  economy  in  use  of  motors 
and  for  high  power-factor  due  almost  entirely 
to  a  record  system  for  motors  and  tests. 
Cards  are  used  showing  the  location  of  every 
n\otor  in  service  in  the  plant  and  those  in 
stock  or  under  repair.  Other  cards  show 
motor  locations  and  on  these  the  test  readings 
are  recorded.  This  will  be  made  clearer  by 
referring  to  Figs.  2  and  3  which  show  cards 
suggested  for  this  purpose.  These  cards  may 
be  ruled  by  hand,  or  printed,  depending  on 
the  number  required  in  each  particular 
plant,  and  the  information  contained  may  be 
varied  with  local  conditions. 

The  idea  of  the  two  cards  is  to  separate  con- 
veniently the  information  which  belongs  par- 
ticularly to  the  location  of  a  motor  from  infor- 
mation about  the  motor  itself,  so  that  records 
of  tests  which  belong  essentially  to  the 
machine  or  group  of  machines  dri-ven  will  not 
be  made  inaccessible  by  transfer  of  the  motor 
to  another  location.  The  "  JMotor  Record 
Card"  contains  all  the  information  pertaining 
to  a  particular  motor  and  shows  where  it  has 
been  and  is  installed.  On  the  back  may  be 
entered  the  record  of  any  repairs  made  or  other 
special  information.  The  motor  location  card 
shows  all  the  motors  that  have  been  installed 
at  that  location  from  time  to  time  and  the 
motor  at  present  in  ser\-ice.  The  information 
about  the  motor  is  very  brief;  just  sufficient 
to  identify  it  so  that  the  motor  card  may  be 
found  if  further  details  are  required.  Stress 
is  laid  on  the  connected  load  and  tests.  The 
s--,une  form  is  continued  on  the  back.  In  this 
connection,  care  should  be  used  to  get  tests 
under  average,  maximum  and  minimum  con- 
ditions and  so  to  note  them.  Tests  should  be 
made  after  a  change  in  machines  in  a  group  to 
see  if  a  change  in  the  size  of  the  motor  either 
up  or  down  is  necessary'. 

Just  filling  out  the  cards  for  each  motor 
and  each  location  and  making  a  short  sum- 
mary of  them  will  probably  bring  out  some 


interesting  facts;  but  when  the  first  round 
of  tests  is  made  something  is  likely  to  be 
develoijcd  of  considerable  imi>ortance.  The 
plant  engineer  is  now  ready  to  start  improve- 
ments. If  changes  a()])ear  to  be  advisable,  it 
will  i)rr)bably  be  well  to  check  in  each  case, 


Supp'/ij 


Vo/tmeter 


Wattmeter 

Fig.    1.     Diagram  of  an  Arrangement   of   Instruments. 
Switches,  and  Connections  for  determining  the 
conditions  under  which  a  motor  is  operat- 
ing without  interrupting  its  s 


to  be  sure  that  conditions  were  not  abnormal 
at  the  time  of  the  first  test.  If  some  motor 
appears  to  be  overloaded,  an  inspection  of  the 
tests  of  others  may  show  one  underloaded  with 
which  it  may  be  interchanged  wdth  advantage 
to  both.  Some  may  be  found  enough  below 
their  capacity  to  warrant  the  purchase  of  new 
motors.  In  other  cases,  the  over-capacity 
may  not  be  sufficient  to  warrant  the  purchase 
of  a  new  motor  immediately,  but  if  extensions 
are  planned,  requiring  motors  of  similar 
rating,  new  smaller  motors  may  be  purchased 
and  the  old  motors  relieved  for  the  new 
sen'ice. 

Tests  should  also  be  made  under  starting 
conditions.  All  such  facts  have  a  bearing  on 
the  motor  required  and  will  be  invaluable  in 
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PURCHASED                                                                                                                       1         ORDER                                         1        n.-rc 
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BUILDING 

BAY 

DEPARTMENT 

INSTALLED 

REMOVED 

REMARKS 

FORM    XXXX                                                                             MOTOR    RECORD    CARD                                                                                             ^^^^ 

Fig.  2.      Card  upon  which  may  be  recorded  all  information  pertaining  to  a  particular  motor 
and  showing  where  it  has  been  and  is  installed 


BUILDING 

SIZE 

MAKE 

NUMBER 

INSTALLED 

REMOVED 

BAY 

DEPT. 

REMARKS; 

TESTS 

DATE                           HOUR             )              AMP. 

VOLTS            1              KV.A, 

KW. 

CONNECTED  LOAD  AND  REMARKS 

FORM    XXXX     ■           ^°-                                                                                           "°^°''     ^0"T,ON    CARD 

Fig.  3.      Card  upon  which  may  be  recorded  all  the  motors  that  have  been  installed 
at  one  location  from  time  to  time  and  the  results  of  tests 
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CDiisidcriii),'  tlu'  pui\'li;isi'  of  lU'w  iiidlors. 
And  this  leads  dia-t-lly  U>  anotluT  Ihoujjhl. 
Si)  far  wo  ha\'o  hoon  coiisidiTin),'  improvi.'- 
incnt  in  power-factor  only  hv  runninj,'  induc- 
tion motors  nearer  normal  load.  Tests  maj' 
develop  jjood  cases  for  the  ai)plication  of  syn- 
chronous motors.  Synchronous  motors  ha\x 
now  been  develoi)ed  with  ammortiseur  wind- 
inj;s  in  the  pole  faces  jjivin^  starting  torque 
equal  to  that  of  squirrel  caji;c  induction  motors 
of  the  same  ratinj;;.  In  the  smaller  sizes  the 
supply  of  excitiu}^  current  still  presents  a  little 
jiroblem,  but  it  is  not  beyoml  comprehension 
to  conceive  of  a  motor-j^encrator  set,  centrally 
located,  sui)plyin.i,'  excitation  to  a  number  of 
synchronous  nu)tors  scattered  throughout  the 
plant.  The  power-factor  could  readily  be 
controlled  on  the  whole  group  by  varying  the 
exciter  voltage  either  automatically  or  by 
hand. 

It  is  not  proposed  to  review  here  the  appli- 
cation of  synchronous  motors,  but  it  should  be 
noted  that  if  smaller  size  synchronous  motors 


can  be  installed  Ihniughout  a  plant,  they 
im])rove  the  power-factor  on  the  (listrihutin^ 
mains  and  so  increase  their  capacity.  If  such 
synchronous  motors  can  be  installed  with 
capacity  for  leading  current,  thus  jjroviding 
also  for  the  correction  of  ])ower-factor,  so  much 
the  better.  Care  should  be  used  in  (jrdering 
such  motors  to  sjjecify  what  leading  current  or 
power-factor  they  shall  carry. 

One  further  thought:  Would  it  be  going  too 
far  to  suggest  to  power  distributing  com- 
])anies  that  they  have  ])repared  "Motor 
Record  Cards"  and  "Motor  Test  Cards" 
for  distribution  to  their  customers  to  aid 
them  in  using  the  power  they  purchase 
economically  and  help  them  to  improve  the 
power-factor  of  their  loads? 

To  sum  up :  Let  us  not  consider  any  details 
in  connection  with  poor  power-factor  too 
small  for  attention,  but,  by  careful  tests  and 
records  of  them,  determine  upon  means  for 
prevention  of  troubles  before  the\-  accumulate 
to  an  amount  requiring  correction. 
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The  New  England  Power  Company 

By  E.  A.  DiLLARD 

Assistant  Electrical  Engineer,  New  Engl.^nd  Power  Company 

and 

H.  R.  Wilson 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

The  system  of  the  New  England  Power  Company,  and  its  interconnections,  is  the  result  of  the  growth 
and  combination  of  several  smaller  stations.  Many  of  the  problems  of  high  voltage  system  operation  dis- 
cussed in  several  articles  in  this  issue  are  real  problems  of  vital  importance  to  the  engineers  of  this  system. 
The  authors  sketch  briefly  the  development  of  the  present  system,  and  then  discuss  the  operating  problems 
which  have  presented  the  most  difficulty  and  the  means  of  their  solution. — Editor. 


The  Development  of  the  System 

The  present  New  England  Power  Company 
originated  in  the  Connecticut  River  Power 
Company  and  the  Connecticut  River  Trans- 
mission Company.  The  installation  in  1909 
consisted  of  a  12,500-kv-a.  hydro-electric 
development  on  the  Connecticut  River,  eight 
miles  south  of  Brattleboro,  Vermont,  trans- 
mitting power  at  66,000  volts  to  substations 
at  Fitchburg,  Clinton  and  Worcester.  All 
three  substations  were  built  under  the  same 
general  design,  the  first  installation  consisting 
of  one  4500-kv-a.  transformer  bank.  The 
original  generating  station  at  Vernon  was 
later  increased  to  20,000  kv-a.  capacity  and 
a  second  4500-kv-a.  transformer  bank  was 
added  to  each  of  the  substations.  The  trans- 
mission line  consisted  of  GO  miles  of  double- 
circuit  No.  2  copper  with  pin  type  insulators 
mounted  on  40-ft.  steel  towers. 

Three  additional  hydro-electric  stations  of 
6000-kv-a.  capacity  each  were  developed  on 
the  Deerfield  River  near  Shelburne  Falls, 
Mass.  These  stations  were  connected  to  the 
Vernon  station  by  a  15-mile  double-circuit 
66,000-volt  transmission  line  and  the  original 
transmission  line  was  extended  from  Wor- 
cester to  Millbury,  a  distance  of  ten  miles. 
This  work  was  completed  early  in  1913.  All 
three  of  the  vShelburne  Falls  stations  are  of 
the  same  general  design,  consisting  of  three 
2000-kv-a.  generators  and  two  3000-kv-a. 
transformers. 

At  the  same  time  an  outdoor  substation 
of  12,000  kv-a.  capacity  was  constructed  in 
Millbury.  This  substation  is  of  particular 
interest  inasmuch  as  it  was  the  first  large 
outdoor  station  built  in  New  England,  and 
the  first  attempt  to  operate  large  water-cooled 
transformers  exposed  to  the  severe  climatic 
conditions  imposed  by  New  England  winters. 
The  installation  has  proven  satisfactory  and 
all  subsequent  substations  of  importance  have 
been  of  the  outdoor  type. 


During  this  same  year,  a  60-mile,  66,000- 
volt,  double-circuit  line  was  completed  con- 
necting the  Shelburne  Falls  stations  directly 
to  the  Millbury  station.  This  line  was  con- 
structed of  No.  2/0  copper  with  six  disks  of 
suspension  insulators  mounted  on  75-ft.  steel 
towers.  The  line  was  designed  for  ultimate 
operation  at  110,000  volts. 

A  short  time  later  a  15,000-kv-a.  hydro- 
electric development  was  completed  on  the 
Deerfield  River  near  Hoosac  Tunnel,  A'lass., 
and  connected  to  the  Shelburne  Falls  plants 
by  a  double-circuit,  66,000-volt,  No.  1  copper 
line.  This  line  was  also  designed  for  ultimate 
operation  at  110,000  volts. 

The  next  addition  consisted  of  an  extension 
of  the  Shelburne  Falls-Millbury  line  to  an 
18,375-kv-a.  outdoor  substation  at  Paw- 
tucket;  a  distance  of  about  30  miles.  The 
Pawtucket  substation  was  connected  to  the 
35,000-kv-a.  steam  plant  of  the  Narragansett 
Electric  Lighting  Company  at  Providence. 
Ten  miles  from  Millbury  this  line  was  con- 
nected to  a  small  steam  plant  at  Uxbridge 
and  connections  were  also  made  to  the  Wor- 
cester Electric  Light  Company's  22,800-kv-a. 
steam  plant  at  Worcester.  When  the  Turners 
Falls  Power  and  Electric  Company's  plant  was 
developed  on  the  Connecticut  River,  con- 
nection was  made  between  this  plant  and  the 
New  England  Power  system  at  Leverett, 
about  14  miles  from  Shelburne  Falls.  The 
Readsboro  development  of  3000  kv-a.  on  the 
Deerfield  River  was  then  completed  and  con- 
nected to  the  Hoosac  Tunnel  station  over  a 
7.6-mile  single-circuit,  22,000-volt  line.  The 
Providence  steam  plant  has  been  increased 
in  capacitj'  by  45,000  kv-a.,  and  the  Worcester 
Electric  Light  Company's  plant  bj^  20,000 
kv-a. 

During  1918  a  70,000-volt  pole  line  was 
built  to  connect  the  Millbury  substation 
with  the  25,000-kv-a.  steam  plant  of  the 
Eastern    Connecticut    Power    Company    at 
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Norwich  and  a  70,000-volt  pole  line  built  to 
connect  the  Clinton  substation  with  the 
Boston  Edison  system.  There  was  also  con- 
structed this  year  a  70,000-volt  outdoor 
substation  at  the  Providence  steam  plant, 
and  a  70,000-volt,  double-circuit  steel  tower 


Diagram  Classifying  and  Evaluating  the 
Disturbances   on   the   Lines    of  the 
New  England  Power  Co. 

line  between  this  station  and  the  Fall  River 
Electric  Company's  plant  in  Fall  River.  The 
construction  of  this  line  is  interesting  as  it 
involved  three  crossings  of  navigable  rivers, 
each  demanding  145  ft.  clearance.  To  effect 
this  clearance,  two  220-ft.  towers  and  two 
177-ft.  towers  were  required  in  Providence 
and  two  215-ft.  towers  were  required  in 
Fall  River. 

The  system  has  continued  to  expand  both 
in  hydro-electric  and  steam  equipment  and  at 
the  present  time  its  total  generating  capacity 
and  that  of  the  connecting  systems  is  over 
500,000  kv-a.  The  New  England  Company's 
system  transmits  energj^  exclusive  of  con- 
necting systems,  some  300  miles  at  66,000 
volts  and  the  normal  week-day  output 
averages  about  1,100,000  kw-hr.,  and  the 
normal  week-day  peak  averages  about  80,000 
kw. 

Operation 

A  system  of  this  capacity  and  complexity 
presents  many  interesting  and  difficult  operat- 
ing problems  in  order  to  give  continuitj'  of 
service. 

Complete  records  are  kept  of  each  system 
disturbance  and  studies  are  made  of  these 
records  in  order  to  reduce  the  extent  of  them. 


Each  disturbance  is  classified  broadly  accord- 
ing to  its  origin,  and  Fig.  2  illustrates  the 
magnitude  of  each  classification  during  one 
year's  operation.  Another  interesting  point 
in  connection  with  these  records  is  the  time 
of  day  that  most  of  them  occur.  Fig.  3 
indicates  that  the  period  when  most  troubles 
occur  is  early  in  the  afternoon  as  this  is  the 
time  of  day  that  lightning  storms  are  most 
prevalent.  Disturbances  generally  originate 
from  an  accidental  short  circuit  on  some  por- 
tion of  the  system,  and  in  order  that  the 
remaining  part  of  the  system  be  not  seriously 
afl^ected,  it  is  necessary  to  immediately 
segregate  the  section  in  trouble.  It  is  essential 
to  keep  all  generating  stations  in  operation 
and  on  account  of  the  number  and  distribution 
of  these  stations  it  is  an  unusually  difficult 
relaying  problem. 

The  scheme  which  has  been  adopted  makes 
extensive  use  of  balanced  power  relays  to  cut 
out  of  service  that  section  of  the  double- 
circuit  line  which  is  in  trouble  but  retain  in 
service  all  sections  that  are  not  involved. 
Balanced  power  relays  are  essential  to  sub- 
stations being  served  from  double  lines,  and 
they  are  very  desirable  for  interconnections 
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Fig.  3.      Chart  showing  the  Relationship  Between  the 
Time  of  Day  and  Service  Interruptions 

between  generating  stations  because  of  their 
reliability  under  all  conditions  of  variable 
capacity.  Fig.  4  shows  the  method  of  con- 
nections of  the  balanced  power  relays.  Fig.  5 
shows  the  general  scheme  of  relaying  on  the 
high  tension  lines.     It  will  be  noted  that  the 
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Ijriiu'ipal  i-oiiiKX'tions  lirtwi'i'U  };t'iu'ratiii^' 
stations  aiv  i)ro\-iik'(l  with  halanci'il  pnwrr 
relays  tin  ijotli  ends.  With  tlu'se  ri'la\s,  llu- 
line  in  trouble  is  diseonnecled  t[uickly  and 
other  connections  are  not  disturbed.  There 
is  an  additional  advantaj:;e  in  this  relayinj^ 
scheme  inasmuch  as  a  very  elTective  means  is 
alTorded  for  testing  a  line  suspected  of  bein^ 
in  trouble.  By  means  of  small  knife  switches 
located  on  the  switchboard,  the  balanced 
power  relay  control  circuit  is  n^ade  inoperative 
on  the  good  line  and  oi)erative  on  the  line 
under  test.  Should  this  line  prove  faulty,  it 
is  disconnected  imnicdiately  and  there  is  little 
chance  of  disconnecting;  the  ^''od  line.  In 
addition  to  this  balanced  power  scheme  there 
is  a  "second  line  of  defense"  to  take  care  of 
double-line  troubles  and  sustained  short 
circuits  caused  by  failure  of  other  relays  to 
function  properly.  This  is  obtained  by  use  of 
straight  overload  relays  that  are  given  a  low 
cuiTent  and  a  long  time  setting.  Relay  set- 
tings are  made  from  studies  of  the  value  and 
distribution    of    the    short    circuit    currents. 


M-fl/on  JJutomot  fC 
O-Straight  Over/ood  Relat/ 
B-Balancea  Powtr  ana  Omr/ood  ^e/ay 
K-Reversa  Power  Retoy 
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Fig.  4.    Relay  Diagram  of  the  New  England  P( 


■  System 


Calculations  are  made  to  determine  the  limits 
of  these  values  for  various  locations  of  short 
circuits  and  for  the  extreme  limits  of  gen- 
erating ca];acity.  Selections  on  low  tension 
circuits  are  generally  obtained  by  means  of 
inverse    time    limit    overload    relavs.       All 


relays  are  calibrated  with  a  cycle  counter  and 
curves  are  ijlotted  extending  to  current  values 
such  as  are  exi)ected  under  short  circuit. 
One  (|uarter  of  a  second  is  considerefi  sufli- 
cient  time  to  obtain  selection  between  two 
relays  carrying  the  same  amount  of  nirrent. 


Fig.  S.     Diagra 


n  of  the  General  Scheme  of  Relaying  ( 
the  High  Tension  Lines 


In  order  to  determine  the  relay  "settings," 
a  careful  study  of  the  short  circuit  current 
values  was  necessary,  and  it  is  necessary  to 
repeat  this  study  with  each  addition  to  the 
system.  On  account  of  the  complexity  of  the 
system,  calculations  to  determine  these 
values  would  be  extremely  difficult  and 
lengthy,  so  there  has  been  constructed  a  cal- 
culating table  to  represent  the  entire  system 
in  miniature.  (See  Review  issues  of  October. 
1916,  and  February,  1919,  for  a  general 
description  of  a  similar  table.) 

When  it  is  considered  that  high  tension 
short  circuits  may  develop  instantaneous 
short  circuit  currents  equivalent  to  800,000 
kv-a.,  it  will  be  seen  that  the  duty  imposed 
on  the  apparatus  is  extremely  severe  and  the 
handling  of  this  amount  of  energy  presents 
an  important  problem.  The  operation  of  the 
system  under  these  conditions  necessitated 
several  expedients  to  reduce  the  volume  of 
these  short  circuits  to  an  economical  workable 
value.  As  an  example,  the  high  tension  bus 
at  Vernon  has  been  sectionalized  bv  means  of 
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an  automatic  oil  circuit  breaker  so  that  when 
a  fault  occurs  on  one  of  the  high  tension  lines 
from  Vernon,  this  circuit  breaker  operates  in 
time  to  effectively  introduce  the  reactance 
of  the  Vernon  transformers  between  the  gen- 
erating equipment  and  the  fault.  By  this 
means  the  duty  on  the  high  tension  line  oil 
circuit  breakers  is  appreciably  reduced. 

The  question  of  handling  low  tension  short 
circuits  is  also  an  important  one.  Under  war 
conditions,  interconnections  with  relatively 
large  generating  capacities  of  other  systems 
that  had  not  previously  been  contemplated, 
were  found  essential,  and  in  some  instances 
such  connections  were  made  directly  to  the  low 
tension  distribution  of  the  substations.  These 
additions,  of  course,  greatly  increased  the 
amounts  of  energy  in  low  tension  short 
circuits,  and  as  the  work  was  done  under 
practically  emergency  conditions,  it  was  not 
possible  immediately  to  provide  large  enough 
oil  circuit  breakers  to  take  care  of  this  addi- 
tional duty.  To  overcome  this  situation 
temporarily,  a  scheme  has  been  developed, 
making  use  of  a  reactor  which  is  normally 
short  circuited  but  automatically  introduced 
between  a  feeder  fault  and  the  source  of  power 
until  the  feeder  breaker  operates  and  is  then 
automatically  again  short  circuited.  As  an 
example,  in  Fig.  6,  the  equivalent  instan- 
taneous short  circuit  value  on  the  low  tension 
side  of  the  transformers  of  a  24,000-kv-a. 
substation  was  380,000  kv-a.  This  would 
normally  mean  that  each  feeder  breaker 
would  be  required  to  interrupt  this  value. 
There  was  installed  an  18  per  cent  reactor  (X) 
which  was  normally  short  circuited  by  oil 
circuit  breaker  (B).  When  a  fault  occurs  on 
one  of  the  feeders,  circuit  breaker  (B)  instan- 
taneously opens  and  the  reactor  becomes 
effective,  reducing  the  equivalent  short  cir- 
cuit to  100,000  kv-a.  The  circuit  breaker  in 
the  faulty  .  feeder  then  opens  and  circuit 
breaker  (13)  automatically  closes,  again  short 
circuiting  the  reactor.  The  result  of  this 
arrangement  is  that  there  is  required  only 
one  high  capacity  breaker  which  is  needed  to 
interrupt  (380,000  minus  100,000)  280,000 
kv-a.,  while  the  feeder  breakers  are  only 
required  to  interrupt  100,000  kv-a.  Power 
loss  and  voltage  drop  in  the  reactor  are  also 
eliminated. 

Insulators 

One  of  the  most  interesting  problems  arising 
in  connection  with  the  operation  of  this 
system  has  been  that  of  high  tension  insula- 
tion.     On   the   high    tension   system   proper 


there  are  over  9000  70,000-volt  pin-type  insu- 
lators and  over  90,000  suspension-type  insu- 
lator units.  Experience  has  taught  the  neces- 
sity of  periodically  testing  all  of  these  insulators 
and  testing  and  changing  crews  were  organized 
to  cover  the  entire  system  yearly. 


I}200\/o/ti 


Feeders 

Fig.  6.     Diagram  showing  a  Reactance  X,  and 

a  Short-circuiting  Switch  S,  Between  a 

Source  of  Low-tension  Power  and 

Distributing  Feeders 

No  very  satisfactory  method  for  testing 
pin-type  insulators  has  yet  been  learned.  A 
visual  inspection  is  given  these  insulators  and 
each  section  is  "sounded  out,"  but  results 
do  not  indicate  that  this  method  is  thorough. 
The  suspension  insulator  units  were  first 
tested  with  1000-volt  meggers,  but  this  method 
was  abandoned  in  favor  of  the  simpler  "buzz 
stick."  Megger  testing  necessitates  removing 
a  section  of  line  from  service,  which  is  objec- 
tionable when  the  system  is  operating  under 
even  a  medium  load.  Again,  megger  tests 
did  not  prove  positive.  When  tests  are  made 
under  the  proper  conditions,  there  is  no  doubt 
but  that  all  units  "meggering"  low  are  bad, 
but  it  was  found  that  many  "meggering" 
high  were  also  defective.  This  can  be  ex- 
plained by  the  fact  that  only  a  small  fraction 
of  an  inch  of  porcelain  is  sufficient  to  give  a 
reading  of  infinity  on  the  instrument,  whereas 
only  a  few  thousand  volts  would  be  sufficient 
to  break  down  this  path.  The  "buzz  stick" 
test  is  in  effect  a  method  of  judging  the 
quality  of  insulator  units  by  visually  measur- 
ing the  charging  current  of  each  unit.  A 
small  wire  fork,  attached  to  the  end  of  an 
insulating  stick,  is  used  to  short  circuit  each 
unit  one  b^^  one  while  the  line  is  alive.  The 
volume  and  character  of  the  spark  drawn  out 
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wlu'ii  Diu'  pron^;  of  tlu'  fork  is  removed  from 
the  mi'lal  parts  of  the  uiiil  indicalc  accurately 
the  (luality  of  that  unit.  ICxpcrience  is,  of 
course,  necessary  to  pass  iud^'ment  in  this 
manner,  but  such  experience  is  soon  obtaineii. 
Should  the  unit  test  badly,  it  is  naarked  for 
the  chanfjing  crew  by  means  of  a  small  paint 
brush  in  the  crotch  of  the  testing  fork. 
Check  tests  with  hij^h  voltaj:;c  and  hij^h 
frequency  indicated  very  favorably  for  the 
"buzz  stick"  test.  Only  a  small  percentage 
of  good  insulators  have  been  removed,  and 
many  that  have  tested  badly  but  show  high 
megger  readings. 

During  191S,  (57,156  units  were  tested  by 
this  method,  the  result  being  5513  bad  units, 
about  S  per  cent  of  all  tested.  The  cost  of 
testing  these  insulators  was  about  one  and 
one  half  cents  per  unit. 

Voltage  and  Power-factor 

The  territor,-  fed  by  the  New  England 
Power  system  covers  a  considerable  portion 
of  the  manufacturing  district  of  the  New 
England  States,  so  that  the  load  on  this 
system  is  chiefly  an  industrial  one,  consisting 
of  mills  manufacturing  cotton,  woolen,  paper, 
wire  and  rubber  products,  chairs,  forgings, 
etc.  There  is  also  some  railway  and  town 
lighting  load.  The  industrial  load,  however, 
predominates  and  the  character  of  this  load 
is  such  as  to  necessitate  wide  applications  of 
induction  motors.  Generally,  the  manu- 
facturers have  shown  a  tendency  to  disre- 
gard the  advantages  of  selecting  motors  for 
their  various  drives  to  give  the  best  power 
factor  conditions.  Consequently,  the  system 
power-factor  is  not  as  high  as  is  economically 
desirable.  After  extended  studies  of  this  situa- 
tion a  7o00-kv-a.  synchronous  condenser  has 
been  installed  at  the  Worcester  substation,  at  the 
Woonsocket  substation  and  at  the  Fitchburg 
substation,  and  further  installations  are  being 
contemplated.  These  installations  have  ma- 
terially benefited  the  system  power-factor  as 
a  whole  and  have  been  the  means  of  obtaining 
much  closer  voltage  regulation  in  the  different 
substations.  In  addition  to  this,  the  con- 
densers effect  a  saving  in  line  loss  more  than 
sufficient  to  pay  the  cost  of  their  operation. 

The  hydro-electric  stations  and  steam 
stations  are  on  opposite  ends  of  the  system 
and  they  are  not  operated  to  capacity 
simultaneously.  During  low  water  periods, 
the  steam  plants  supply  most  of  the  energy 
consumed  in  the  vicinity  of  the  hydro- 
electric plants.  This,  of  course,  introduces  a 
problem   of  maintaining   good   voltage   con- 


ditions to  the  customers  in  this  vicinity.  The 
transmission  of  the  wattless  energy  of  these 
customers  is  uneconomical.  This  situation  is 
remedied  by  o()erating  enough  generators  in 
the  hydro-electric  plants  to  maintain  proper 
voltage  and  to  absorb  the  wattless  energy  of 
the  customers  in  this  vicinity.  There  have 
recently  been  purchased  two  OOOO-kv-a. 
generating  units  for  the  Vernon  station. 
These  units  are  designed  to  operate  at  either 
42(IU  kw.  at  70  per  cent  power-factor,  or  as  a 
synchronous  condenser  delivering  GOOD  kv-a.. 
0  power-factor.  The  power-factor  situation 
is  considered  so  important  that  a  section  of 
the  Engineering  Department  devote  their 
entire  time  collecting  data  and  studying  the 
problems  involved.  This  section  makes  care- 
ful studies  of  the  motor  applications  in  each 
mill  with  a  view  of  rearranging  such  applica- 
tions to  derive  the  maximum  efficiency  and 
power-factor  from  the  motors.  The  results 
fully  justify  this  work  as  an  appreciable 
reduction  of  energv"  consumption  and  a  better- 
ment of  power-factor  conditions  has  been 
achieved. 

Inter-connections  with  Adjoining  Systems 

This  system,  like  many  another,  has  had 
a  rapid  growth  during  the  past  few  years. 
In  its  beginning,  when  the  system  consisted 
of  one  generating  station  and  a  few  sub- 
stations, the  operation  was  a  comparatively 
simple  matter.  Since  then,  however,  the 
expansion  of  the  system  and  its  intercon- 
nections with  adjacent  systems,  such  as 
Narragansett  Electric  Lighting,  Boston  Edi- 
son, Turners  Falls  Power  &  Electric  Com- 
pany, Colonial  Light  &  Power  Company, 
Worcester  Electric  Light  Company.  Blac'c- 
stone  Valley  Gas  &  Electric  Company,  Fall 
River  Electric  Light  C.  mpany,  Eastern 
Connecticut  Power  Compan /,  Rock\'ille  and 
Willimantic  Lighting  Company,  and  others, 
has  made  the  operation  more  difficult.  Manj- 
complications  have  been  introduced,  not  only 
from  the  viewpoint  of  the  most  economical 
use  of  the  hydro  and  steam  plants,  but,  also, 
from  the  point  of  continuity  of  ser\-ice,  as  it 
must  not  be  forgotten  that  the  manufacturing 
industries  are  of  such  a  character  that  an 
instant  shut  down  often  means  a  considerable 
amount  of  damage  in  the  products  which  are 
being  manufactured.  It  is  to  be  expected 
that  the  future  growth  of  the  system  will  be 
as  rapid  as  the  past  and  as  the  tendency  at 
the  present  time  is  toward  the  interconnection 
of  power  systems,  any  changes  or  additions 
must  take  into  account  all  such  possibilities. 
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The  Alabama  Pov^er  Company's  System, 
Its  Development  and  Operation 

By  J.  M.  Oliver,  B.  Nikiforoff,  and  C.  B.  McManus 

Operating  Department,  Alabama  Power  Company 

The  extension  of  high  tension  transmission  and  distributing  systems  into  vast  networks  covering  large 
sections  of  country,  serving  important  industries,  presents  many  operating  problems  that  require  careful  study 
for  their  successful  solution.  The  continuity  of  power  supply  has  a  great  bearing  on  the  growth  of  the  trans- 
mission and  distribution  industry  and  every  possible  source  of  interruption  should  be  anticipated  and  steps 
taken  to  minimize  the  effect  on  other  parts  of  the  system.  The  authors  set  forth  in  a  clear  and  comprehensive 
manner  many  of  the  problems  encountered  in  the  operation  of  such  a  system  and  show  some  remarkable  results 
from  the  use  of  relays  and  protective  devices  in  preserving  continuity  of  service.-EDiTOR. 


The  products  of  the  industries  of  Alabama, 
such  as  cotton  goods,  coal  and  iron,  were 
among  the  most  urgently  needed  during  the 
war,  and  every  effort  was  made  to  increase  the 
efficiency  and  quantity  of  production.  As  a 
result  of  this  came  an  increased  demand  for 
power.  To  take  care  of  this  demand  the 
Alabama  Power  Company  found  it  necessary 
to  make  several  extensions  to  its  system,  and 
to  improve  methods  of  operation  and  pro- 
tection. 

A  complete  description  of  the  system  was 
given  in  the  June,  1916,  issue  of  the  General 
Electric  Review  and  various  parts  of  the 
system  have  been  described  in  other  period- 
icals, so  that  it  will  be  necessary  to  give  only 
a  brief  outline  here.  The  operation  of  the 
system,  with  a  total  generating  capacity  of 
about  150,000  kv-a.,  and  approximately  1000 
miles  of  transmission  and  distribution  lines, 
presents  many  problems  with  regard  to  the 
methods  of  operation,  continuity  of  service, 
protection  against  failures  and  their  elimina- 
tion, together  with  the  organization  of  main- 
tenance and  repair  work.  A  description  of 
work  done  along  these  lines,  and  results 
obtained,  will  be  the  chief  stibject  matter  of 
this  article. 

General 

The  main  generating  stations  are:  The 
Lock  12  hydro-electric  plant,  the  Warrior 
steam  plant,  and  the  Gadsden  reserve  steam 
plant.  Data  of  interest  regarding  these  plants 
Vidll  be  found  in  Table  I. 

The  main  bulk  of  power  is  supplied  from 
Lock  12,  on  the  Coosa  river,  where  every 
effort  is  made  to  utilize  the  full  quantity  of 
available  water  with  maximum  efficiency,  at 
all  times. 

Fig.  1  is  a  general  view  of  the  Warrior  steam 
plant,  and  the  110-kv.  and  44-kv.  switching 
yard.  Fig.  2  shows  the  switchboard  at  this 
station.  The  plant  is  located  in  the  heart  of 
the  coal  region  of  northwestern  Alabama,  on 


the  banks  of  the  Warrior  river,  and  at 
present  constitutes  the  main  reserve  capacity 
of  the  system.  The  plant  was  built  in  1916 
and  had  installed  one  25,000-kv-a.  turbo- 
generator. In  1918  a  second  unit  of  33,000 
kv-a.  was  installed  by  the  Government  for  the 
purpose  of  supplying  power  to  U.  S.  nitrate 
plant  No.  2  at  Muscle  Shoals. 

Near  Gadsden,  on  the  Coosa  river,  is 
located  the  second  steam  plant  used  also  as 
a  reserve  plant.  A  small  hydro-electric 
station  at  Jackson  Shoals  is  used  largely  for 
boosting  purposes. 

The  primary  substations  are  Magella, 
Bessemer,  Anniston,  Jackson  Shoals,  Syla- 
cauga  and  Muscle  Shoals.  Distribution  lines 
are  also  fed  from  Warrior  and  Gadsden  steam 
plants.  A  general  layout  of  the  system  show- 
ing the  location  of  generating  stations  and  sub- 
stations, and  territory  served  by  these  stations 
is  shown  by  Fig.  3. 

The  Bessemer  substation  was  constructed 
during  the  past  year  to  take  care  of  the 
increased  load  in  the  Bessemer  district,  and 
to  form  a  point  of  interconnection  between 
the  Warrior  steam  plant  and  the  main  system. 
This  station  forms  the  central  switching  point 
of  the  western  division  of  the  system.  It  is 
connected  with  Lock  12  by  a  double-circuit 
110-kv.  line,  and  with  Warrior  steam  plant 
by  one  110-kv.  line  and  one  44-kv.  line. 

A  90-mile,  single-circuit,  110-kv.  line  con- 
nects the  Warrior  steam  plant  with  the  sub- 
station at  Muscle  Shoals,  serving  U.  S. 
nitrate  plant  No.  2. 

Double-circuit,  110-kv.  and  44-kv.  lines 
interconnect  the  Magella  and  Bessemer  sub- 
stations; Gadsden  and  Anniston  are  con- 
nected with  Lock  12  by  a  double-circuit, 
1 10-kv.  line,  the  Sylacauga  and  Jackson  Shoals 
stations  being  normally  connected  to  one  of 
these  lines.  The  eastern  and  western  sections 
of  the  sj-stem  are  tied  together  by  one  110-kv. 
and  one  44-kv.  line  between  Magella  and  Jack- 
son Shoals.     A  44-kv.  tie  line  interconnects 
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Fig^  1.      General  View  of  the  Warrior  Steam  Plant.  110-kv    and  44-kv.  Switching  Yard 


Fig.  2       View  of  Switchboard  at  the  Warrior  Steam  Plant 


9.S2     November,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  11 


Jackson  Shoals  and  Anniston.  Table 
III  gives  various  data  in  regard  to  the 
110-kv.  and  44-kv.  lines. 

As  will  be  seen  from  Figs.  3  and  4 
the  main  primary  substations,  Besse- 
mer, Magella,  Jackson  Shoals  and 
Anniston  are  interconnected  with 
44-kv.  tie  lines.  These  lines  serve 
materially  in  reducing  the  number  of 
interruptions  in  case  of  110-kv.  line 
trouble.  Each  of  the  main  substa- 
tions has  at  least  three  sources  of 
power,  and  by  a  more  or  less  elabo- 
rate system  of  relays,  interruptions 
have  been  reduced  to  a  minimum. 
Considerable  study  has  been  made  in 
connection  with  the  relay  protective 
system,  and  the  interconnection  of 
the  system.  This  matter  will  be  dis- 
cussed in  detail  in  another  part  of 
this  article. 

The  section  of  country  covered  by 
the  transmission  and  distribution  lines 
is  subjected  to  lightning  storms 
throughout  the  entire  year.  Summer 
storms  are  unusually  severe  and  at 
times  several  storms  have  been  ex- 
perienced in  one  day.  Table  II  shows 
the  number  of  days,  during  each 
month,  on  which  lightning  storms 
were  observed  for  the  year  of  1918, 
and  up  to  July  for  1919.  These 
observations  were  made  by  the 
Weather  Bureau  at  Birmingham,  this 
point  being  approximately  the  center 
of  the  system. 

Such  unusually  severe  weather  con- 
ditions, together  with  the  fact  that 
many  of  the  lines  pass  through  rough 
and  exposed  country  offer  sufficient 
explanation  for  a  large  percentage  of 
troubles  experienced  in  the  operation 
of  the  system.  The  chief  troubles  on 
the  110-kv.  lines,  are,  of  course,  insu- 
lator failures  and  fiashovers;  how- 
ever, troubles  experienced  on  the 
44-kv.  lines  have  been  of  a  much 
more  serious  nature  and  more  numer- 
otis,  quite  a  few  failures  having  devel- 
oped in  transformers.  Up  until  the 
beginning  of  the  present  year  the 
44-kv.  system  was  operated  with  the 
neutral  ungrounded.  The  electro- 
static unbalance  in  voltage,  and  the 
attendant  high  frequency  surges  re- 
sulting from  a  ground  on  one  phase 
of  this  system  was  considered  as  a  pos- 
sible reason  for  a  part  of  the  apparatus 
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TAHLK   II 

LIGHTNING   STORM   OBSERVATIONS   MADE   BY   THE   WEATHER   BUREAU   AT   APPROXI- 
MATELY THE  CENTER   OF   THE  ALABAMA   POWER   COMPANY'S  SYSTEM 
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failures.  In  191S,  the  grounding  of  the  neutral 
of  the  44-kv.  system  was  decided  upon.  The 
necessary  changes  were  made  in  station 
equipment  as  regards  relay  protection,  etc., 


and  the  neutral  was  grounded  through  a 
10,000-kv-a.  transformer  bank  at  the  Warrior 
plant,  and  a  3000-kv-a.  bank  at  Leeds,  early 
in  January  of  the  present  year.  The  neutral 
of  a  o()()()-kv-a.  bank  at  Jackson  Shoals  will 
be  grounded  at  an  early  date,  and  the  ground 
at  Leeds  removed.  These  transformers  are  all 
grounded  without  resistance.  The  neutral 
of  the  110-kv.  system  is  grounded  at  Lock 
12  and  Warrior.  This  system  has  been 
operated  with  a  grounded  neutral  for  several 
years,  and  the  results  obtained  are  quite 
satisfactor\\ 

It  is  impossible  to  make  a  definite  state- 
ment as  to  the  results  obtained  by  grounding 
the  44-kv.  neutral,  due  to  the  short  time  which 
has  elapsed  since  it  was  grounded;  however, 
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even  in  that  time  some  improvement  has  been 
noticed.  During  the  first  six  months  of  1918 
failures  developed  in  six  transformers  and  two 
lightning  arresters  on  the  44-kv.  lines. 
Prior  to  the  month  of  July  of  this  year,  fail- 
ures have  developed  in  one  transformer  and 
one  lightning  arrester.  It  is  interesting  to 
note  that  the  failure  in  the  transformer 
developed  at  a  time  when  the  44-kv.  system 
was  isolated  from  the  grounding  transformer 
banks.  The  failure  of  the  lightning  arrester 
presents  also  an  interesting  case.     A  ground 


percentage  of  causes  of  trouble  is  attributed 
to  lightning.  The  interruptions  attributed  to 
"lightning"  represent  cases  when  a  line  was 
automatically  disconnected  during  a  lightning 
storm  and  no  damage  or  failure  was  located. 

Relay  Protection 

Before  describing  the  layout  of  the  relay 
protective  system  it  will  perhaps  be  of  interest 
to  show  how  it  was  worked  out. 

The  reactance  of  each  piece  of  apparatus  and 
line  was  determined,  and  a  set  of  short  cir- 


Fig.  4.     Single-1: 


LOCK- 12   OJ"""*™" 
1  Connections,  Relay  Protection,  etc. 


on  the  Warrior-Bessemer  44-kv.  tie  line  caused 
the  automatic  operation  of  the  line  switch  at 
Warrior,  thereby  tripping  off  the  neutral 
grounding  bank  at  Warrior,  and  leaving  the 
ground  on  an  isolated  systeni  (the  Leeds  bank 
being  out  of  service  at  this  time).  A  con- 
tinuous arc  was  set  up  across  the  gaps  of  a 
lightning  arrester  on  the  isolated  section,  and 
before  the  trouble  could  be  cleared  failures 
developed  in  the  cone  stacks  of  two  tanks  of 
the  arrester. 

A  classification  of  trouble  for  the  first  six 
months  of  this  year  is  given  in  Table  IV. 
It  will  be  noted  from  this  table  that  a  large 


cuit  calculations  made,  assuming  short  cir- 
cuits at  various  points  on  the  system.  The 
distribution  of  short  circuit  current  through- 
out the  system  was  shown  for  maximum, 
minimum  and  average  conditions  on  a  single 
line  diagram  similar  to  Fig.  4.  A  "short 
circuit  calculating  device"  was  used  to 
determine  the  current  values,  and  the  dis- 
tribution of  short  circuit  current  throughout 
the  system,  the  complicated  interconnection 
of  lines  and  apparatus  making  accurate  cal- 
culations by  other  methods  practically  im- 
possible. A  complete  description  of  the  cal- 
culating  device   appeared   in   the   February, 
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Tlio  bnsic  i)fiiK"i])lc  of  the  relay  system  is 
immediately  to  discoimcct  faulty  lines  and 
apparatus  in  a  way  least  alToetin^  the  normal 
ojieration  of  the  s\-stem.  The  relaws  are  },'iven 
settinj;s  to  proteet  against  short  circuits,  and 
not  aj^ainst  overloatl.  With  these  principles 
in  view  short  circuit  conditions  were  studied 
and  the  proper  relay  settinf^s  given,  all  set- 
tings  corresponding   to   the   minimum   con- 


nected generating  capacity;  the  settings, 
however,  were  checked  for  maximum,  mini- 
mum and  average  conditions,  also  for  con- 
ditions in  which  connections  of  the  system 
were  abnormal.  It  has  been  found  that  the 
settings  as  given  will  take  care  of  practically 
ail  methods  of  operation. 

The  most  important  circuits  are  protected 
with  induction  type  overload  relays,  some- 
times in  connection  with  reverse  power  relays. 
Plunger  type  relays  are  used  on  circuits  of 


TABLE   III 
llOKV.   TRANSMISSION   LINE   DATA      TOTAL   LENGTH,   440   MILES 


Length        1       Material 
Total         1         Siie  of 
Miles              Conductor 

Spacing 

Arrange-            Insulators 
ment  of       !    Number  and 
Conductors              Type 

Type  of 
Tower' 

Ground 
Wire 

Rema  .-ks 

300           1     No.  00  cu. 

lift. 

Vertical          Suspension,  7 
Strain,          8 

Double  cir. 
steel  tower* 

2-JJ-in.  stee' 

*  1*3  miles  nave  Ftecl  top 
on  wooden  supports 

88 

250.000  cm.  cu. 

14  ft. 

Horizontal       Suspension,  8 
Strain,           9 

Wooden  H- 
frame  poles 

2-^a-in.  steel 

52 

No.  1  cu. 

9  ft. 

Vertical 

Suspension,  7 

Double  cir. 
steel  tower 

2-Ji-in.  stee' 

Total.  440 
miles 

! 

44-KV.  TRANSMISSION  LINE  DATA— TOTAL  LENGTH,   535  MILES 


Length 
Total 
Miles 

Materials, 

Size  of 
Conductor 

Spacing 

Arrange- 
ment of 
Conductors 

Insulators, 

No.  and 

Type 

Tower  and 
Poles 

Ground 
Wire 

Remarks 

535 

No.  00  cu. 
No.  1 
No.  2 
No.  4 

(*) 

Vertical 
3H-ft. 
Horizontal 
5-ft. 

Vertical 
Triangular 

Pin 

Wooden 

Poles 

Creosoted 

Js-in.  steel 
1  wire 

45  miles  on  steel  towers 
with   suspension   type 
insulators 

'  About  63  miles  No.  2/0  and  No.  1  equiv.  aluminum. 


TABLE  IV 
CLASSIFICATION  OF  TROUBLES  FROM  JAN,   1,   1919,  TO  JULY   1,   1919 


SUBSTATION 


No.  Per  Cent 


110- KV.  LINES 


44-KV.  LINES 


CUSTOMERS 


(1)  Lightning 

Line  insulators ,    

Conductors 

Poles,  guys  and  cross  arms   . 

(2)  H.T.  diconnecting  switches. 
H.T.  oil  switch  bushing  .  .  .  . 

Blowing  of  H.T.  fuses 

Transformer  failures 

Trans,  bushing  failures    ,    .  . 

Customers'  equipment 

Operating  errors 

Unknown 


Total . 


25 
50 


57 
39 
6 
1 
1 
1 


43.7 
29.7 
4.55 
0.76 
0.76 
0.76 


9.16 
6.05 
0.76 
3.8 


32 
1 
6 
9 


12.05 
19.25 
10.85 


38.55 
1.20 
7.25 

10.85 
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secondary  importance.  The  use  of  induction 
relays  on  all  circuits  is  very  desirable  due  to 
the  fact  that  it  is,  in  certain  instances,  a 
difficult  matter  to  obtain  proper  selective 
action  between  an  induction  relay  on  the  main 
circuit,  and  a  plunger  type  relay  on  a  feeder. 
Experience  has  shown  that  the  induction  type 
relays  are  much  more  accurate  and  reliable 
than  the  plunger  type  relays,  especially  where 
selective  action  is  essential,  and  where  time 
settings  of  two  seconds  or  less  are  necessary. 
In  deciding  upon  time  settings  the  limiting 
feature  was  the  consideration  that  no  short 
circuit  of  appreciable  value  should  be  allowed 
to  hold  on  more  than  two  and  one  half 
seconds,  this  time  being  found  safe  for  the 
operation  of  synchronous  machinery  con- 
nected to  the  system.  A  setting  of  two  and 
one  half  seconds  was  given  to  all  relays  con- 
trolling outgoing  lines  of  the  generating 
stations,  this  setting  corresponding  to  the 
minimum  short  circuit  which  the  relay  must 
clear.  For  average  conditions  the  relays  will 
operate  in  from  one  to  two  seconds.  Main 
line  and  tie  line  relays  at  substations  were  set 
for  somewhat  less  than  two  and  one  half 
seconds  in  order  to  obtain  proper  selective 
action.  The  differential  in  short  circuit  cur- 
rent between  relays  on  the  main  circuits  is  of 
great  advantage  in  securing  proper  selective 
action  of  these  relays.  Feeder  relays  are  given 
time  settings  of  approximately  one  half 
second.  It  was  found  that  about  0.4  second 
was  sufficient  time,  in  most  cases,  to  allow  for 
the  operation  of  circuit  breakers,  but  wherever 
possible  larger  differences  were  allowed. 

For  convenience  in  describing  the  actual 
layout  of  relays  the  system  will  be  grouped  in 
two  parts;  The  eastern  division,  consisting 
of  the  UO-kv.  lines  extending  to  the  northeast 
from  Lock  12  through  Sylacauga,  Jackson 
Shoals  and  Anniston  to  the  Gadsden  steam 
plant;  the  western  division  extending  to 
the  northwest  from  Lock  12  to  Bessemer, 
Magella,  Warrior  steam  plant  and  Muscle 
Shoals.  These  two  sections  of  the  system 
may  be  considered  as  being  practically  inde- 
pendent of  each  other,  with  regard  to  the 
relay  protection,  the  only  interconnection 
between  them  being  the  Magella-Jaekson 
Shoals  44-kv.  tie  line,  since  normally  the 
Magella-Jaekson  Shoals  110-kv.  line  is  left 
open  at  the  Magella  end,  this  line  being  used 
only  in  case  of  an  emergency,  or  when  other 
sections  of  the  110-kv.  system  are  taken  out 
for  repairs. 

"     The  connections  of  the  main  part  of  the 
system  are  shown  by  Fig.  5.     It  will  be  noted 


that  a  variety  of  connections  is  possible. 
Fig.  4  shows  the  normal  operating  connections 
of  the  system,  the  location  of  oil  switches  and 
the  kind  of  relay  protection  used.  It  will  be 
seen  from  this  diagram  that  one  transformer 
bank  at  both  Anniston  and  Gadsden  sub- 
stations is  connected  to  each  line,  and  that 
the  banks  are  operated  in  parallel  on  a  low 
tension  bus.  The  Jackson  Shoals  and 
Sylacauga  substations,  having  only  one  bank 
each,  are  connected  to  one  of  the  110-kv. 
lines.  Jackson  Shoals  can  also  be  fed  from 
Magella  or  Anniston  over  the  44-kv.  tie  lines. 
Future  developments  of  the  110-kv.  system 
in  the  eastern  section  will  probably  require 
the  installation  of  oil  switches  in  the  lines  at 
Jackson  Shoals  and  Anniston  and  the  con- 
nection of  the  lines  at  these  points  to  a  com- 
mon 110-kv.  bus,  this  making  necessary,  of 
course,  a  decided  change  in  the  scheme  of 
relay  protection. 

The  western  division  contains  the  most 
important  substations  of  the  system,  from  the 
standpoint  of  switching  and  the  amount  of 
load  handled.  From  a  glance  at  Fig.  4  it  will 
be  seen  that  the  operation  of  this  section  of 
the  system  is  quite  complicated  with  regard 
to  relay  protection,  due  to  the  several  inter- 
connections between  Magella,  Bessemer  and 
Warrior  steam  plant.  It  will  be  interesting 
to  note  that  the  connection  of  all  110-kv. 
lines  to  a  common  bus  at  the  Bessemer 
substation  is  one  of  the  first  attempts  at  such 
operation  on  the  system.  To  date,  the  opera- 
tion of  both  the  reverse  power  and  o'verload 
relays  has  been  entirely  satisfactory,  not  one 
failure  to  function  properly  having  been 
charged  against  the  relays. 

The  110-kv.  lines  are  connected  to  separate 
buses  at  Magella,  and  are  paralleled  on  the 
low  tension  side  of  the  13,200-volt  trans- 
former banks.  A  set  of  reverse  power  and 
overload  relays  are  connected  in  the  circuit 
of  current  transformers  installed  on  the  low 
tension  side  of  each  bank,  the  tripping  con- 
tacts of  the  reverse  power  and  overload  relays 
being  connected  in  series.  Closing  of  these 
contacts  operates  an  instantaneous  direct 
current  relay,  and  a  definite  time  limit  direct 
current  relay.  Operation  of  the  instantaneous 
relay  trips  the  110-kv.  line  switch,  likewise 
the  definite  time  limit  relay  trips  the  low 
tension  transformer  switch.  This  scheme 
was  adopted  with  the  view  of  connecting  the 
Magella-Jaekson  Shoals  Line  "A"  to  the 
Bessemer  fine  "A"  at  Magella,  thereby 
securing  an  additional  feed  into  Magella. 
Trouble  on  one  of  the  Bessemer  110-kv.  lines 
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causes  a  reversal  of  current  direction  through 
one  of  the  transformer  banks,  causing  the 
operation  of  the  reverse  power  and  overload 
relays  and  opens  the  110-kv.  line  switch. 
In  case  of  trouble  on  one  of  the  110-kv.  buses 
a  similar  operation  occurs,  the  low  tension 
transformer  switch  clearing  slightly  after  the 
110-kv.  line  switch  opens.  It  will  be  noted 
that  in  case  of  line  trouble  neither  trans- 
former bank  is  lost,  while  trouble  on  a  110-kv. 
bus  or  in  a  transformer  bank  will  be  cleared  by 
the  operation  of  two  switches  leaving  the  Lock 
12  lines  in  operating  condition  and  the  Magella 
1.3.2-kv.  load  on  one  transformer  bank.  The 
operation  of  these  relays  has  also  proved 
entirely  satisfactory. 

The  generator  switches  at  Lock  12  and 
Gadsden  are  non-automatic.  At  Warrior 
steam  plant,  the  generator  windings  and  their 
connections  to  the  13-kv.  bus  are  protected 
by  differentially  connected  relays.  These 
relays  operate  only  in  case  of  trouble  in  the 
generator  windings  or  the  connecting  cables, 
and  trip  the  main  generator  oil  switch  and 
the  source  of  excitation.  This  scheme  proved 
successful  during  a  recent  failure  of  the  13-kv. 
cables  interconnecting  the  generator  and 
13-kv.  bus.  For  normal  operation  the  neutral 
of  one  of  the  Warrior  generators  is  grounded. 

Table  V  illustrates  the  duties  imposed 
upon  the  relays  and  indicates  the  system 
numbers  of  switches  which  must  trip  in  order 
to  clear  certain  cases  of  trouble.  In  analyzing 
each  case  of  trouble  it  will  be  seen  tliat  inter- 
ruptions in  every  instance  are  confined  to  the 
smallest  possible  section  of  the  system,  and 
that  complete  interruptions  to  the  most 
important  substations  are  very  unlikely. 

It  is  quite  evident  from  the  foregoing  that 
the  relays  are  called  upon  to  perform  a  very 
important,  and  in  some  cases,  a  complicated 
duty;  the  failure  of  any  relay  to  operate 
properly  can  cause  an  interruption  to  a  con- 
siderable section  of  the  system  with  a  cor- 
responding money  loss  involved.  The  ques- 
tion arises,  therefore,  how  far  can  one  depend 
upon  correct  relay  operation,  and  what  must 
be  done  in  order  to  keep  the  relays  in  first 
class  operating  condition? 

Actual  experience  has  shown  that  the 
present  relays  are  quite  accurate  instruments, 
requiring  very  little  attention.  This  is  espe- 
cially true  of  the  up-to-date  reverse  power 
relays  and  induction  overload  relays.  The 
settings  as  given  remain  constant  for  an 
indefinite  time.  Time  settings  of  induction 
overload  relays  are  practically  independent 
of  the  current  settings,  that  is,  the  latter  can 


be  changed  without  changing  the  time  setting 
corresponding  to  the  same  percentages  of 
overload  on  the  relay.  Plunger  type  relays 
require  more  frequent  attention  and  do  not 
hold  their  settings  for  any  considerable  time. 

The  operation  of  relays  has  proved,  in 
general,  to  be  very  satisfactory  and  of  great 
value  in  maintaining  an  uninterrupted  service. 
There  have  been  practically  no  incorrect 
relay  operations  on  the  system,  and  in  nearly 
every  case  when  troubles  have  not  been 
properly  cleared,  some  defect,  outside  of 
faulty  relay  operation,  was  discovered.  Com- 
mon defects  are  sluggish  oil  switch  mech- 
anisms, burned  out  trip  coils  and  faulty 
control  circuits.  In  order  to  insure  proper 
protection,  regular  inspection  trips  are  made 
for  the  purpose  of  checking  and  testing  the 
operation  of  relays.  As  a  rule,  each  relay  is 
tested  every  two  or  three  months,  the  trip 
circuits  are  tested,  and  when  possible  the 
operation  of  the  oil  switches  checked. 

Relay  circuits  are  provided  with  small  test 
switches,  so  that  the  current  transformers  can 
be  easih^  short  circuited  and  the  relay  dis- 
connected. Switches  are  also  provided  in  the 
trip  circuits.  The  use  of  these  switches 
greatly  simplifies  testing,  for  the  reason  that 
relays  may  be  quickly  disconnected  from  their 
normal  circuits  and  connected  to  the  test 
apparatus.  Jewel  bearings  are  inspected  and 
oiled  when  necessary,  and  the  bellows  of 
plunger  type  relays  oiled,  and  contacts  cleaned 
or  adjusted. 

The  current  coil  of  the  relay  is  then  loaded 
with  an  artificial  load  and  the  time-current 
curves  checked.  The  character  of  the  arti- 
ficial load  used  affects  to  some  extent  the 
characteristics  of  the  relaj^;  for  instance,  if 
the  load  consists  of  a  bank  of  large  tungsten 
lamps  the  relay  will  trip,  for  a  given  setting, 
in  from  five  to  15  per  cent  less  time  than  if  a 
standard  unit  wire  resistance  were  used, 
the  instantaneous  rush  of  current  being  very 
much  greater  in  the  lamp  bank  than  in  the 
wire  resistance.  When  using  a  bank  of  carbon 
lamps  the  instantaneous  rush  of  current  is 
greatly  reduced. 

As  some  of  the  relays  must  operate  with  a 
minimiun  difference  in  time  settings,  it  was 
found  desirable  to  test  all  relays  using  the 
same  type  of  artificial  load.  The  standard 
meter  testing  resistance  with  a  current  range 
of  from  one  quarter  ampere  to  30  amperes  was 
adopted  and  is  used  for  all  relay  tests. 

Trip  circuits  are  tested,  where  possible, 
by  tripping  the  circuit  breaker  with  the  relay. 
This    test    has    proved    valuable    in    many 
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instances  for  detecting  trouble  in  the  switch 
mechanism,  or  in  the  control  circuits. 

A  careful  record  of  each  relay  setting  is 
kept  in  the  office.  From  the  tests,  character- 
istic curves  are  plotted  for  each  relay.  These 
data,  together  with  the  short  circuit  cal- 
culations, facilitate  the  checking  of  relay 
operation,  and  the  analysis  of  trouble. 

Organization 

The  Operating  Superintendent  is  in  entire 
charge  of  the  operation  and  maintenance  of 
the  system.     The  Superintendent  of  Produc- 


It  is  the  duty  of  the  relay  engineers  to  keep 
in  close  touch  with  the  actual  operation  of  the 
system,  with  regard  to  relay  protection  and 
operation,  connections  of  lines,  voltage  regu- 
lation, improvements  in  service,  analysis  of 
troubles  and  work  of  a  similar  nature. 

The  general  operation  of  the  transmission 
and  distribution  system,  with  regard  to 
switching  operations  and  handling  of  load,  is 
under  the  general  supervision  of  a  chief  load 
dispatcher.  Station  operators  of  course 
report  to  their  respective  station  superin- 
tendents, but  also  receive  instructions   from 


Fig.  6.     Mimic  Switchboard  in  Load  Dispatcher's  Office 


tion.  Superintendent  of  Maintenance  and 
Repairs,  Relay  Engineers  and  a  Chief  Clerk 
report  directly  to  him.  The  Load  Dispatcher, 
Superintendents  of  Generating  Stations  and 
Isolated  Plants  report  to  the  Superintendent 
of  Production.  The  system  is  sectionalized 
into  two  divisions,  eastern  and  western,  each 
division  being  in  charge  of  a  superintendent 
reporting  directly  to  the  Superintendent  of 
Maintenance  and  Repairs.  Primary  _  sub- 
station superintendents  report  to  their  re- 
spective division  superintendents  as  do  main- 
tenance foremen  and  division  line  supervisors. 


the  Load  Dispatcher  with  regard  to  switching 
operations  and  the  handling  of  load. 

Load  Dispatching 

The  Load  Dispatcher's  office,  situated  at 
the  A-Iagella  substation,  is  connected  with  all 
points  of  the  system  by  private  telephone 
lines,  enabling  the  establishment  of  immediate 
communication  with  any  switchboard  opera- 
tor on  the  system.  Bell  telephone  service  is 
provided  at  each  of  the  primary  stations,  this 
service  being  used  only  in  case  of  trouble  on 
the  private  lines. 
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rriiitnl  iiisl  iiu'lidiis  I'livcritii;  in  ilrtiiil  llir 
o|n'i'ali(m  of  tlu'  SN'sti'iit,  lor  Imlli  imnnal  and 
e!iiorj,'eiK'v  opiMalinns,  arc  dislrihulod  amoU)^ 
tho  employees,  and  i'nitv  employee  cnKaj,'ed 
in  llie  operation  of  the  system  is  required  to  he 
Ihoroujjhlv  familiar  with  them.  First  aid 
iiiclliods,  resuseitalion  from  eleetrie  shoek, 
safety  rules,  and,  in  fact,  all  points  \-ital  to 
the  safety  of  eniployees  and  to  the  elTieient 
operation  of  the  system  are  ineluded  in  these 
instnietions. 

For  operation  of  the  s\slem,  lines  and 
apparatus  are  di\'ided  intt>  two  classes: 

1st  Class.  1  lO-kv.  transmission  lines,  44-kv. 
tie  lines  and  all  apparatus  interconnected  for 
parallel  or  combined  operation. 

iind  Class.  Distribution  lines,  with  con- 
nected apparatus,  radiating  from  stations 
which  do  not  tie  in  with  some  other  station  on 
the  main  system. 

Lines  and  apparatus  of  the  first  class  are  in 
direct  charge  of  the  Load  Dispatcher,  and 
cannot  be  taken  out  of  service  or  placed  in 
sen-ice  without  his  orders.  This  assures  the 
continuity  of  service  to  each  station,  as  the 
Load  Dispatcher  is  in  touch  at  all  times  with 
conditions  over  the  entire  system. 

Lines  and  apparatus  covered  by  the  second 
class  are  handled  by  station  operators,  who 
are  at  all  times  responsible  for  their  operation. 

All  switching  operations,  unusual  weather 
conditions,  lines  and  customers'  interruptions, 
and,  in  fact,  everything  of  interest  in  con- 
nection with  the  operation  of  the  system  are 
immediately  reported  to  the  Load  Dispatcher. 
A  daily  log  is  kept  in  the  Load  Dispatcher's 
office,  covering  switching  operations,  auto- 
m_atic  or  manual,  aft'ecting  intermptions  to 
lines  or  customers,  climatic  conditions,  line 
and  apparatus  trouble  and  other  events  en- 
countered in  the  operation  of  the  system. 

Station  operators  keep  daily  log  sheets, 
showing  instrument  readings,  climatic  con- 
ditions, power  generated  or  transmitted, 
switching  operations,  interruptions  to  line 
or  customers,  etc. 

Located  in  the  Load  Dispatcher's  o'.Yia  is 
a  "mimic  sw^itchboard,  "  see  Fig.  6,  represent- 
ing in  detail  the  switching  layout  of  all 
primary  stations,  interconnecting  lines,  and 
feeders  connected  to  station  buses.  This 
board  consists  of  a  number  of  sections  of 
beaver  board  properly  drilled  and  painted  to 
show  oil  switches,  disconnecting  switches, 
buses,  apparatus  and  lines,  one  section  being 
used  for  each  station.  These  sections  are 
placed  over  a  frosted  glass,  the  switch  numbers 
being  painted  on  the  glass  under  the  holes 


Ijrovided  for  oil  and  (liscDniiectiiiK  switches. 
The  switch  numbers  can  be  seen  at  some 
distance  from  the  b(jard.  being  illumii)aleil 
by  lamjjs  jjlaced  in  the  rear  of  the  board. 
ICvery  mimic  switch  is  designated  by  a 
number  corresjionding  to  the  system  numi>er 
of  the  switch  which  it  represents.  (Jil 
switches  are  given  even  numbers,  and  dis- 
connecting switches  odd  numbers.  A  color 
scheme  is  used  for  re[)resenting  lines  of 
different  voltage.  Special  tags  are  used  to 
cover  holes  representing  oil  and  disconnecting 
switches.  A  tag  covering  a  hole  indicates  that 
the  switch  is  open. 

This  board  represents  at  all  times  the  actual 
connections  of  the  system.  Whenever  a 
switching  order  is  executed  proper  changes 
are  made  on  the  board.  In  all  switching 
orders  the  switches  are  referred  to  by  their 
numbers. 

Before  giving  clearance  for  work  on  the 
lines  or  apparatus,  special  tags  or  "hold 
cards"  are  placed  upon  each  and  every  piece 
of  apparatus  which,  if  operated,  might 
endanger  the  safety  of  men  doing  the  work. 
Two  types  of  "hold  cards"  are  used,  a  large 
size  and  a  small  size.  Small  cards  cannot  be 
placed  or  removed  except  by  order  of  the 
Load  Dispatcher.  Large  cards  are  used  by 
the  Load  Dispatcher  in  tagging  lines  or  appa- 
ratus directly  under  his  control.  For  instance, 
in  clearing  a  1 10-kv.  line  the  dispatcher  orders 
the  proper  switches  opened  and  small  cards 
placed,  after  which  he  fills  out  a  large  card 
and  places  it  on  the  mimic  switchboard. 
Large  "hold  cards"  are  also  used  by  station 
operators  in  tagging  lines  or  apparatus  under 
their  supervision.  No  "hold  cards"  can  be 
removed  until  the  foreman  of  the  repair  crew 
has  reported  clear,  and  that  the  equipment 
he  has  been  working  on  is  in  condition  to  be 
placed  in  service.  In  case  of  more  than  one 
gang  working  on  equipment  the  foreman  of 
each  gang  must  report  separatelj'  to  the 
Dispatcher,  who  will  place  a  set  of  "hold 
cards"  for  each  of  them.  Figs.  7  and  8  show 
the  types  of  "hold  cards"  used.  These  cards 
are  filled  out  in  duplicate,  one  copy  being 
filed  in  the  station  at  which  it  originates,  and 
the  other  in  the  main  office. 

The  Load  Dispatcher  keeps  a  daily  report 
of  all  switching  operations  performed  at  his 
orders.  One  side  of  the  report  shows  the 
system  number  of  switches  operated,  time  of 
operation  and  name  of  operator  doing  same. 
On  the  other  side  is  a  switching  layout  of  the 
system.  Fig.  5;  at  the  end  of  each  shift  the 
retiring  Load  Dispatcher  indicates  with  red 
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pencil  marks  the  connections  of  the  system  at 
the  time,  and  signs  the  report.  This  report 
presents  an  accurate  record  of  system  con- 
nections, and  switching  operations  and  is  of 
great  value  in  checking  conditions  of  the 
system  from  day  to  day. 

Fig.  9  shows  tlie  form  used  for  recording 
system  troubles.  A  report  of  this  kind  is  made 
for  each  case  of  trouble  causing  the  automatic 
operation  of  switches,  or  for  pre-arranged 
switcliing  affecting  an  interruption  to  cus- 
tomers. On  the  reverse  side  is  a  map  of  the 
system  and  a  table  for  recording  the  damage  or 
loss  of  equipment.  The  Load  Dispatcher 
indicates  on  the  map  the  approximate  location 
of  the  fault.  Pre-arranged  interruptions  for  a 
given  dav's  operation  are  recorded  if  possible 
on  a  single  sheet.  These  reports  are  of  untold 
vakie  in  checking  relay  operation,  and  in  study- 
ing operating  conditions  of  the  system. 
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Fig.  7.      Type  of  Large  "Hold  Card" 

Should  a  110-kv.  line,  or  ■44-kv.  tie  line 
trip  out  it  is  charged  again  after  a  two- 
minute  interval.  If  it  trips  again  the  line  will 
be  sectionalized,  and  tested.  When  the 
trouble  has  been  sectionalized  the  line  is 
turned  over  to  the  division  line,  supervisor 
who  directs  the  patrol  and  repairs.  After 
repairs  have  been  made  the,  fact  is  reported 
to  the  Load  Dispatcher  who  is  responsible 
for  the  tests  and  placing  of  the  line  in  service. 

After  the  automatic  operation  of  a  feeder 
switch,  it  is  closed  twice  at  two-minute  inter- 
vals. If  it  trips  upon  the  second  applica- 
tion of  voltage  the  line  is  held  otit,  the  trouble 
located  and  the  necessary  repairs  made. 

Division  line  supervisors  are  responsible 
for  the  patrol  and  upkeep  of  all  lines  in  their 
division.  As  soon  as  possible  after  the  auto- 
matic operation  of  switches  controlling  110-kv. 
lines,  4i-k^^  tie  lines,  and  feeders,  the  line  is 


patroled  even  if  it  holds  in  upon  the  first  or 
second  application  of  voltage.  This  is  done 
in  order  to  locate  possible  defects  which  may 
cause  serious  trouble  at  a  later  date. 

Emergency  instructions  cover  the  operation 
at  various  stations  when  telephone  com- 
nrunication  with  the  Load  Dispatcher  becomes 
impossible.  It  is  impossible  to  furnish  definite 
instructions  for  operation  at  such  times,  and 
the  quick  restoration  of  service  depends,  to 
a  great  extent,  upon  the  ability  of  the  operator. 
In  general,  however,  operators  are  urged  to 
carefully  analyze  their  troubles  and  take  only 
such  steps  as  are  necessary  to  restore  service. 
No  interconnection  of  110-kv.  lines  and  tie 
lines   is  to  be   attempted;  operators   simply 
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APPARATUS  BEARING  THIS  CARD 

NOT  TO  BE  OPERATED 

PLACCD  FOR 

ON 

PLACED.^  M    BY 

REMOVED M.  BY 

ORDER   Of— - 

SIGNED     _ 

SIGNED      -- 
DATE 
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Fig.  8.     Type  of  Small  "Hold  Card" 

restore  service  from  the  first  source  and  com 
municate  with  the  Load  Dispatcher  at  the 
first  possible  moment. 

Maintenance  and  Repairs 

Taking  into  consideration  the  large  extent 
of  the  system,  as  regards  both  lines  and 
apparatus,  it  is  quite  evident  that  the  main- 
tenance and  repair  work  is  of  the  utmost 
importance.  This  work  is  in  charge  of  the 
Stiperintendent  of  Maintenance  and  Repairs, 
liaving  under  his  jurisdiction  the  up-keep  of 
all  properties  pertaining  to  the  transmission, 
transformation  and  distribution  of  electrical 
enersiv.     Activities  of  the  Maintenance  and 
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Repair  DrpaitiiU'iU  cunlt,  in  ^;riuT;il,  llic 
slandardi/.aliiin  of  methods  and  nialtrials, 
general  inspections,  special  studies  and  in\'esti- 
Kalions,  statistical  records  and  ])rei)aration  of 
reports,  and  all  niainlenance  and  repair  work. 
For  more  eflicienlly  handling;  this  work,  the 
system  has  been  sejiarated  into  two  divisions, 
tlie  eastern  and  western,  and  each  divi- 
sion placed  in  charj^e  of  a  superintendent 
reporting  directly  to  the  Superintendent  of 
Maintenance  and  Repairs.  The  eastern 
division  includes  Lock  12,  Sylacauga,  Jackson 
Shoals,  Anniston  and  Gadsden,  and  the 
western,  Bessemer,  Magella,  Warrior  steam 
plant  and  Muscle  Shoals  substation.  The 
divisional    plan    has    proved    quite    success- 

>~..  SYSTEM  TROU 


I'atrolmen  arc  located  at  various  points  on 
the  system,  so  as  to  be  quickly  accessible  in 
case  of  trouble.  When  not  on  jjalrol  they 
re])ort  to  their  respective  line  su]jervisors  at 
least  lliree  times  daily.  livery  effort  has  been 
made  to  make  the  right-of-way  along  tran.s- 
mission  lines  easily  accessible,  by  jjlacing  wire 
bridges  across  streams,  and  other  difficult 
jjoints  along  the  lines. 

Each  divisional  organization  includes  an 
Assistant  Division  Superintendent  who  plans, 
orders  materials,  and  directs  various  work  to 
be  performed  by  equipment  and  line  main- 
tenance crews. 

Routine  inspections  and  tests  have  proved 
of  great  value  in  improving  operating  con- 

BLE  REPORT 


Fig.  9.     Form  Used  for  Recording  Systi 


ful,  in  that  competition  in  all  lines  of  endeavor 
by  the  divisions  has  created  a  stimulus  for 
further  efTort  on  the  part  of  various  employees, 
resulting  in  better  work  with  greater  econ- 
omies and  more  careful  consideration  of 
details. 

The  up-keep  of  transmission  and  distri- 
bution lines  is  in  charge  of  Division  Line 
Supervisors,  who  have  charge  of  all  patrol 
forces  and  line  maintenance  crews  in  their 
division.  With  the  development  of  the 
divisional  organization,  and  the  placing  of 
line  supervisors  in  charge  of  smaller  terri- 
tories, greater  opportimities  for  specializing  in 
the  correction  of  line  failures  has  resulted  in 
minimizing  the  length  of  line  interruption. 


ditions,  and  in  the  up-keep  of  equipment. 
In  inany  instances  serious  troubles  and  long 
outages  have  been  anticipated.  Inspectors 
are  provided  with  special  forms,  covering 
inspection  of  substation  equipment  and  trans- 
mission and  distribution  circuits.  Inspection 
reports  are  forwarded  to  the  proper  division 
office  where  necessary  steps  are  taken  to 
correct  deficiencies  which  are  discovered. 

Oil  in  110-kv.  apparatus  is  tested  monthly, 
and  in  44-kv.  and  22-kv.  apparatus  once 
every  three  months.  Reports  upon  tests 
are  submitted  to  the  Division  Office  where 
a  complete  record  is  kept  of  the  condition 
of  oil  in  every  piece  of  apparatus  on  the 
svstem. 
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The  Division  Office  keeps  a  complete  set  of 
records  covering  patrols,  line  apparatus  and 


Wi 


Type  of  Anchor  Support  Us 
rrior — Bessemer  110-kv.  Line 


insulator  failures.  Patrol  records  appear  in 
graphic  form  so  that  frequency  of  patrol, 
hazards  existing,  storm  occurrence,  and  proper 
execution  of  patrol  policies  may  be  determined 
at  a  glance. 

A  careful  analysis  of  the  various  reports 
makes  possible  the  weeding  out  of  undesirable 
equipment,  thereby  reducing  to  a  minimum 
the  hazards  to  continuous  service. 

Insulators 

As  will  be  seen  from  Table  IV,  insulator 
failures  constitute  a  large  percentage  of  the 
trouble  encountered  in  the  operation  of  the 
system.  Insulators  on  the  110-kv.  lines  have 
been  meggered  yearly  since  1915.  A  complete 
description  of  the  methods  adopted  appeared 
in  the  June,  1916,  issue  of  the  General 
Electric  Review. 

A  careful  analysis  has  been  made  of  the 
cost  and  depreciation  of  insulator  units 
together  with  a  study  of  operating  hazards 
involved,  to  the  end  that  possible  revision  in 
meggering  may  be  devised  wherein  periodic 
tests  will  conform  more  closely  with  the 
depreciation  observed. 

The  results  of  megger  tests  made  during 
1918,  and  an  average  of  tests  made  during  the 
past  four  years,  appears  in  Table  VI. 

As  will  be  seen  from  this  table,  the  per- 
centage of  defective  units  on  strain  towers 
was  very  much  higher  than  that  on  the  sus- 
pension type  of  support.  This  is  also  true 
of  actual  failures  of  insulators  as  shown  by 
the  tabulation  on  page  995. 


TABLE   VI 

TOTAL   RESULTS  OF    MEGGER   TESTS  FOR   YEAR   1919   ON   SUSPENSION 

DISK   INSULATORS 


TOWER  LINES 

SUBSTATION  YARDS 

TOWER  LINES  AND  SUBSTATION 
YARDS 

No. 
Tested 

No.- 
Defective 

Per  Cent 
Defective 

No. 
Tested 

No. 
Defective 

Per  Cent 
Defective 

No. 
Tested 

No. 
Defective 

Per  Cent 
Detective 

35,445 
12,894 

734 
886 

2.07 
6.87 

1,694 

5,677 

11 
574 

0.65 
10.10 

37,139 
18,571 

745 
1,460 

2.00 

Strain  

7.87 

Total 

48,339 

1,620 

3.35 

7,371 

855 

7.94 

55,710 

2,205 

3.96 

TOTAL  RESULTS  TO  DATE 
1915-1916-1917-1918-1919 


Number 
Tested 

Number 
Defective 

Per  Cent 
Defective 

221,804 
86,320 

6.025 
8,043 

2.72 

Strain  

9.32 

Total 

308,124 

14,068 

4.57 

'iiii';  Ai.Aii.wiA  i'(i\vi;k  comi'ANV'S  svsticm 


U'.lo 


P. 

iccnlaKi'  of  Fiiilui 

rs 

Type 

On  l.Mirs 

Siil.^l;iliun 
Yards 

Suspension 
Strain 

O.S  1 1.' 
l.'Xi 

NoKligiblc 

A  study  was  made  of  the  ])rolilc  of  the  trans- 
naission  lines  and  the  strains  to  which  towers 
would  be  subjeetod  on  ehanj:;e  of  type  of 
construction.  The  stress  on  the  susjiension 
unit  for  the  average  span  of  00  copper  wire 
on  the  line  is  about  4l2()  i)ounds.  On  strain 
towers  this  stress  on  the  insulator  unit  is 
about  1400  or  1500  pounds.  A  plan  has  been 
formulated  for  reconstruction  with  a  type  of 
support  planned  to  limit  the  mechanical 
stresses  on  all  insulator  units  to  a  maximum 
of  750  pounds.  This  means  the  elimination 
of  strain  towers  where  angle  construction 
does  not  interfere;  and  at  angles,  the  sub- 
stitution of  the  double  yoke  strain  type  of 
supjiort.    Suspension  type  of  support  is  being 
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Fig.  11.     Front  View  of  Calculating  Table  Built  for  and  Used 

by  the  Alabama  Power  Co.  for  the  Calculation 

of  Its  Short-circuit  Problems 

substituted  where  strains  are  used  in  all  cases 
except  at  extreme  angles  on  the  lines.  Where 
the  contour  of  the  country  is  such  as  to  make 
the  clearance  above  the  ground  of  the  lower 
wire  less  than  25  feet,  and  also  on  extremely 
long  spans,  it  becomes  necessary  to  use  double 


sus))ension  rather  tlian  sinjile  suspension  type 
of  sujijiort. 

The  elimination  of  strain  towers  involves 
unusual  stress  in  the  line  at  certain  points  in 
cases  of  ).••'•:  ■    •    -        ''"     •    hu-e  the 

possibilit\  under 
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Fii:    1 .'       Rear  View  of  the  Calculating  Table 
shown  in  Fig.  II 


such  circumstances,  the  anchor  type  of 
support  is  used  at  intervals  of  approximately 
five  miles.  The  plans  outlined  above  have 
been  carried  out  in  part  and  will  be  carried  to 
completion  as  swiftly  as  possible. 

Fig.  10  shows  the  anchor  type  of  support 
on  the  Bessemer-Wan-ior  110-kv.  lines.  As  a 
point  of  interest  it  should  be  noted  that  the 
tower  has  a  steel  top  and  wooden  supports. 
This  type  of  tower  was  adopted  at  a  time 
when  the  price  of  steel  was  excessive  vnth  the 
view  of  ultimately  replacing  the  wooden 
supports  with  steel. 

Some  progress  has  been  made  in  the  test- 
ing of  pin  type  insulators  on  the  4-J:-kr\'. 
lines.  Tests  were  made  using  a  1500-ohm 
telephone  receiver,  the  receiver  being  con- 
nected between  the  ground  and  insulator 
pin.  Defective  insulators  were  detected  by 
intensive  noise  in  the  receiver  caused  by 
the  leakage  current.  This  method  of  testing 
has  not  been  used  to  a  great  extent  on  the 
system,  therefore  it  is  impossible  to  determine 
its  effectiveness.  About  three  per  cent  of 
insulators  tested  have  been  found  defective. 
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The  General  Electric  Company  in  the 
Great  World  War 

Part  V.    GENERAL  WAR  AND  INDUSTRIAL  ACTIVITIES 

By  John  R.  Hewett 

Editor,  General  Electric  Review 

In  our  four  previous  issues  we  have  attempted  to  outline  some  of  the  work  the  Company  undertook  to 
help  carry  out  the  Government's  war  program  and  we  still  feel  that  the  story  has  not  half  been  told.  In  this, 
the  concluding  part  of  our  series,  we  try  to  point  out  how  broad  was  the  Company's  field  of  activity  and  how 
help  was  extended  to  practically  every  industry  in  the  country. — Editor. 


The  part  that  the  General  Electric  Com- 
pany played  in  the  maintenance  of  the  in- 
dustrial life  of  the  country  is  brought  very 
vividh-  to  the  mind  of  anyone  who  is  asked 
to  give  in  writing  a  general  idea  of  the  Com- 
pany's war  work.  Because  after  having  dealt 
with  those  war  activities  that  at  first  seemed 
most  notable,  there  is  such  a  host  of  other 
work  still  to  write  about  that  it  seems  impos- 
sible to  undertake  it.  It  must  be  remembered 
that  we  are  living  in  an  electrical  age,  where 
electricity  is  used  for  heating  in  a  variety  of 
different  ways,  for  lighting  our  factories, 
homes,  streets  and  highways,  and  for  power 
in  such  an  infinite  variety  of  purposes  that 
it  would  be  almost  impossible  to  catalogue 
them.  The  new  applications  of  electricit\- 
are  as  constant  as  they  are  varied  and  every 
industry  is  daily  becoming  more  dependent 
on  electrical  apparatus  for  the  efficient  manu- 
facture of  their  products.  The  Company's 
share  in  stimulating  the  war  work  of  the 
countr}^  by  supplying  others  with  the  means 
to  "do  it  electrically"  will  never  be  fully 
known  for  the  simple  reason  that  it  would 
take  too  long  to  write  it.  The  total  amount 
of  engineering  work  done  to  assist,  and  the 
apparatus  made  for  and  installed  in,  the  steel 
industry  alone  is  a  subject  for  many  volumes. 
The  mining  and  oil  industries  with  their  pro- 
digious requirements  in  motors,  coal  han- 
dling apparatus,  cranes,  hoists,  elevators  and 
conveying  machinery  are  another  story.  The 
freight  handling  problem  embraces  a  variet_v 
of  work  that  defies  description  and  includes 
such  items  as  the  equipments  for  docks,  ships, 
shipyards,  canals,  storehouses,  railroad  ter- 
minals, etc.  The  paper  and  pulp  mills,  the 
rubber  industry,  the  sugar  industry  and  the 
textile  industry  all  made  heavy  demands  on 
the  Company's  resources.  The  number  of 
machine  tools  equipped  with  electric  dri\-e 
was  tremendous  and  involved  a  great  deal  of 
engineering  work.    A  great  deal  of  engineering 


work  was  done  on  precipitation  equipments, 
electric  furnaces  and  electric  welding  and 
smelting  equipments.  The  work  done  on  the 
developments  for  nitrate  plants  was  most 
notable  and  the  Company  at  the  same  time 
did  its  full  share  in  the  power  transmission 
work  of  the  country,  and  was  all  the  time 
doing  such  as  it  could  to  help  both  great  and 
small  public  utilities  throughout  the  country 
to  meet  the  heav^'  demands  that  war  brought 
on  their  plants.  It  seems  quite  impossible  to 
write  at  length  on  these  subjects,  so  the  follow- 
ing paragraphs  have  been  compiled  to  give 
some  slight  idea  of  the  kind  of  service  that 
the  Company  was  rendering  the  country  in 
ways  that  are  lost  sight  of  among  some  of  the 
more  spectacular  work. 

The  sale  of  electric  motors  to  steel  mills 
during  19 IS  was  smaller  than  for  either  1916 
or  1917  as  such  great  extensions  were  made 
during  these  periods,  but  during  1917  and 
1918,  the  Company  supplied  93,000  h.p.  of 
motors  for  main  mill  drives  and  did  a  business 
of  over  $7,700,000  in  helping  the  steel  mills 
of  the  country  to  do  their  bit.  Like  all  work 
of  this  nature  the  fulfillment  of  such  con- 
tracts involved  a  great  amount  of  highly 
specialized  engineering  and  office  work.  This 
work  was  not  only  spread  all  over  this  vast 
continent,  but  some  of  it  was  carried  out  as 
far  afield  as  Japan.  The  necessity  for  a  high 
rate  of  production  in  the  mining  and  oil 
industries  led  to  many  calls  on  the  Company's 
already  overcrowded  facilities.  The  require- 
ments of  these  industries  cover  an  extensive 
field  of  electrical  apparatus,  and  during  the 
year  191S  the  Company  received  orders  for 
no  less  than  60  mine  hoist  equipments  and 
during  the  same  period  SS9  oil  well  motor 
equipments  were  supplied.  As  may  well  be 
imagined  the  freight  handling  business  was 
in  a  feverish  state  during  this  period  of  great- 
est business  activity  the  country  has  seen, 
and  this  naturallv  in^'olved  a  large  amount 
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of  cngiiiecrinjj  work  on  llu'  pail  nf  tin-  ('mii- 
pany  on  such  ])ropositions  as  Ihc  (.ciuipiiKiils 
of  docks,  wharves,  storeliouses,  etc.  In  this 
connection  it  is  intcrcstinj;  to  note,  as  one 
item  in  tliis  category,  that  the  Comi)any 
received  all  of  the  contracts  for  the  electrical 
equipincnt  for  the  New  York  State  Barjje 
Canal  that  were  let  by  the  Department  of 
Public  Works  for  19 IS. 

With  all  the  war  work  that  the  Comi^any 
was  doinjj  there  was  still  the  imperative 
necessity  to  "Keep  the  Home  Fires  Burninij," 
and  they  did  their  full  share  in  supplxinj,' 
electrical  equipment  for  such  everyday  un- 
spectacular work  as  city  water  supply  pump- 
ing; equipments,  city  sewage  disposal  plants, 
fire  pumping  equipments,  drainage  schemes, 
irrigation  plants,  dry  docks,  and  the  hundred 
and  one  other  things  that  are  done  clectrically 
today;  and  although  seldom  thought  of  by 
the  average  citizen  would  render  modern  life 
unbearable  if  left  undone;  this  class  of  work 
would  be  wearisome  if  we  were  even  to  classify 
it  and  then  just  recite  the  main  classes  of 
work  for  which  the  Company  supplied  its 
quota  to  keep  the  country  going. 

The  annual  domestic  electrical  business  for 
the  equipment  of  machine  tools  and  machine 
shops  amounts  to  the  astonishing  figure  of 
about  $25,000,000,  and  the  Company  carried 
its  fair  share  of  this  load,  doing  some  notable 
work  for  the  Go^-ernment  in  not  onh-  sup- 
plying the  electrical  equipment  to  operate 
many  of  the  new  huge  war  organizations, 
but  also  in  giving  their  expert  advice  which 
was  so  essential  to  doing  the  job  right  from 
the  start. 

The  laj^  mind  does  not  alwaj's  appreciate  the 
wonders  of  the  technical  world.  How  would 
it  appeal  to  the  man  on  the  street  to  know 
that  the  Company  built  electric  motors  which 
make  10,000  complete  revolutions  every  min- 
ute and  to  be  told  that  the  application  of 
these  to  certain  classes  of  wood-working 
machinery  increased  the  rate  of  production 
of  airplane  struts  and  other  parts  of  airplanes 
in  the  ratio  of  one  to  eighty?  If  the  man  is 
a  human  benefactor  who  makes  "two  blades 
of  grass  grow  where  one  grew  before,"  what 
of  the  man  who  in  the  vital  hours  of  war 
makes  eighty  parts  of  a  war  machine  in  the 
same  time  as  one  was  made  previously  ? 

We  have  touched  on  electric  welding  before, 
but  it  is  still  interesting  to  tell  that  ISl  arc 
welding  equipments  were  sold  by  the  Com- 
pany in  1918  and  that  they  carried  out  a  most 
comprehensive  campaign  of  investigations  and 
experiments  in  many  types  of  electric  welding 


machines.  'I'hree  commercial  sizes  of  spot 
welding  machines  were  developed  and  proved 
to  be  entirely  .successful,  so  much  so  that 
some  experts  have  been  led  to  say  that 
wherever  there  is  a  bull  riveter  there  is  always 
a  i^lace  for  a  si)ot  welding  machine. 

We  have  already  told  of  some  of  the  large 
electrically  heated  furnaces  that  the  Company 
made  for  s]iecial  war  work  such  as  gun  shrink- 
ing and  the  heat  treatment  of  shells,  but  over 
and  above  these  more  spectacular  develop- 
ments, the  Company  sold  50  comjjlete  arc 
furnace  ecjuipmenls,  20  of  which  were  for 
smelting  purposes  and  HO  for  steel  furnaces. 
Of  course,  this  is  not  a  complete  statement  of 
the  electrical  furnaces  made  by  the  Company 
during  the  war,  nor  docs  it  take  into  con- 
sideration any  of  the  vast  amount  of  the 
auxiliary  apparatus  that  they  made  to  accom- 
pany these  equipments.  In  this  connection  it 
may  interest  the  reader  to  know  that  a  propo- 
sition was  active  for  the  Company-  making  a 
9000-kw.  furnace  and  would  undoubtedh-  have 
been  successfully  fulfilled  had  it  been  possible 
at  the  time  to  purchase  the  large  amount  of 
power  to  operate  it.  Also,  it  may  be  of  inter- 
est to  know  that  among  the  large  number  of 
orders  for  this  class  of  work  the  Company 
installed  five  5630-kv-a.  Ferro-Manganese 
furnaces  for  the  Anaconda  Copper  Company 
at  Great  Falls,  Montana.  Each  of  these  fur- 
naces was  to  produce  at  least  20  tons  of  SO 
per  cent  ferro-manganese  every  twenty-four 
hours  or  one  hundred  tons  for  the  five  fur- 
naces. All  such  work  performed  by  the  Com- 
pany was  stimulating  the  production  of 
America's  huge  war  machine. 

The  work  that  the  Company-  did  in  con- 
nection with  the  Government's  program  for 
the  de\'elopment  of  nitrate  plants  is  most 
notable  and  is  worthy  of  far  more  space  and 
time  than  we  can  give  in  this  memorandum  of 
the  Company's  war  work.  It  is  well  known 
that  in  peace  times  nitrates  are  very  exten- 
sively used  in  fertilizers  and  in  certain  chem- 
ical work,  and  that  in  war  time  the  amount 
of  nitrates  required  for  explosives,  gases  and 
other  war  purposes  is  only  limited  by  the 
magnitude  of  the  war — and  this  was  a  world 
war.  The  amount  of  nitrates  needed  to  meet 
the  requirements  of  the  American  army  was 
simply  fabulous  and  the  Government's  plants 
were  planned  to  meet  these  demands,  the 
imperativeness  of  which  will  at  once  be  under- 
stood when  it  is  realized  that  we  were  cut  off 
from  most  of  our  normal  sources  of  this  es- 
sential. We  have  earlier  cited  the  fact  that 
Dr.  Whitney,  the  director  of  the  Company's 
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laboratory,  was  put  in  charge  of  all  the  gov- 
ernment's research  work  in  connection  with 
its  nitrate  developments.  The  Company  also 
did  its  full  share  of  engineering  work  to  bring 
the  projected  plants  into  physical  being.  Of 
course,  like  practically  all  phases  of  our  war 
work,  that  which  was  actually  accomplished 
was  less  than  the  work  planned,  because  of 
the  armistice.  The  following  paragraphs  are 
but  a  brief  outline  of  some  of  the  more  notable 
undertakings  that  the  Company  assumed,  to 
help  materialize  the  Government's  work  in 
connection  with  nitrate  and  powder  plants. 

Orders  undertaken  by  the  Company  for 
government  nitrate  and  powder  plants  alone 
during  the  year  1918  amounts  to  over  $3,000,- 
000,  and  this  is  in  addition  to  the  equipment 
contracted  for  in  the  latter  part  of  1917.  The 
principal  nitrate  plants  that  the  Company 
furnished  all  or  part  of  the  electrical  equip- 
ment for  were; 

U.  S.  Nitrate  Plant,  Sheffield,  Ala. 

U.  S.  Nitrate  Plant,  Muscle  Shoals,  Ala. 

U.  S.  Nitrate  Plant,  Cincinnati,  Ohio. 

U.  S.  Nitrate  Plant,  Toledo,  Ohio. 

Navy  Nitrate  Plant,  Indian  Head,  Md. 

Nitrate  Plant,  Perryville,  Md. 

U.  S.  Calcium  Carbide  Experimental  Plant, 

Washington,  D.  C. 
Proposed  Government  Arc  Plant. 

They  also  furnished  equipment  for  the 
Government's  powder  plants  at  Nashville, 
Tenn.,  and  Charleston,  West  Virginia. 

It  is  very  hard  to  give  the  reader  any  ade- 
quate idea  of  the  magnitude  of  some  of  the 
Company's  undertakings  during  the  war,  espe- 
cially as  they  were  so  spread  out  that  they 
embraced  the  supply  of  electrical  apparatus 
and  supplies  to  nearly  every  industry  in  the 
country,  so  the  following  notes  on  some  of 
these  nitrate  plants  may  help  to  serve  as  an 
example  to  show  how  the  Company's  efforts 
were  directed  to  help  in  the  equipment  of 
these  new  war  undertakings  and  to  facilitate 
the  extension  of  older  plants,  to  enable  them 
to  meet  the  call  for  the  additional  output 
demanded  of  them  by  the  war. 

U.  S.  Nitrate  Plant,  Sheffield 

The  Government  nitrate  plant  at  Sheffield, 
Alabama,  for  the  fixation  of  nitrogen  from 
the  air  was  designed  for  a  capacity  of  22,000 
tons  of  ammonium  nitrate  per  year  and  is  the 
first  plant  in  this  country  designed  to  produce 
this  chemical  on  a  large  commercial  scale. 

The  entire  electrical  equipment  for  this 
plant  was  furnished  bj?  the   Company   who 


also  did  a  considerable  am.ount  of  engineering 
work.  Some  of  the  principal  items  of  equip- 
ment were  5000  kw.  of  turbo-generator  units, 
4550  kw.  of  synchronous  converters,  300  kw. 
of  waterwheel-driven  generators  and  50  speed 
control  motors  with  a  total  capacity  of  about 
4500  kw.  and  about  125  switchboard  panels. 

U.  S.  Nitrate  Plant  at  Muscle  Shoals,  Alabama 

This  Government  plant  has  a  yearly  capac- 
ity of  110,000  tons  of  ammonium  nitrate  and 
is  the  largest  of  its  kind  in  the  world  using 
the  cyanamide  process.  This  process  is  based 
on  the  fact  that  calcium  carbide  may  be 
induced  with  comparative  ease  to  absorb 
nitrogen  forming  a  combination  of  calcium 
carbon  and  nitrogen.  This  is  technically 
known  as  lime-nitrogen  but  commercially  is 
called  cyanamide.  The  construction  of  this 
plant  is  now  practically  complete  and  one 
half  of  it  was  in  operation  by  November  25, 
1918. 

Up  to  date  the  power  for  this  plant  is 
suiDplied  by  power  plants  which  were  alreadjr 
in  existence,  but  the  Company  supplied 
among  other  apparatus  transformers  with  a 
total  capacity  of  146,935-kv-a.,  motors  for 
driving  air  compressors  with  a  total  capacity 
of  SOOO  h.p.  with  the  necessary  switching 
apparatus  and  panels,  450  induction  motors 
with  a  total  capacity  of  12,000  h.p.  and  such 
other  electrical  equipment  as  696  control 
equipments  for  ammonium  oxidization  cataly- 
zers, 12  electric  furnace  control  equipments, 
37  electrode  motors,  1015  flexible  furnace 
cables  with  specially  welded  terminals  and 
two  four-ton  electric  locomotives. 

U.  S.  Nitrate  Plant,  Cincinnati 

This  Government  nitrate  plant  was  in- 
tended to  be  identical  with  the  Muscle  Shoals 
plant,  but  with  onh^  one  half  the  capacity. 
The  Company  received  orders  for  all  the 
principal  electrical  apparatus,  but  this  was 
held  up  when  the  armistice  was  signed. 

U.  S.  Nitrate  Plant  at  Toledo 

This  plant  was  to  be  identical  to  and  of 
the  same  capacity  as  the  Cincinnati  plant 
and  the  Compan}'  had  received  orders  for 
the  electric  furnace  control  equipment  and 
catalyzer  equipment,  but  the  entire  plant  is 
now  cancelled. 

Navy  Nitrate  Plant 

All  the  preliminar}'  engineering  work  had 
been  completed  for  the  Navy  nitrate  plant  at 
Indian  Head  which  was  to  have  been  operated 
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ill  rniiiuTl  inn  Willi  ilirir  l;iri;c'  |iip\\i|rr  plant 
tlu'i'e'.  'I"Ik'  ( "iiiiipaiix'  had  i'ii'ri\i-il  ]\'(|U(.'Sts 
for  c|iiotaLioiis  on  the  equipment,  but  Hko 
many  other  war  projeets  this  plant  was  aban- 
doned when  the  armisliee  was  signed. 

Ammonium   Nitrate  Plant  at   PiTryville,   Maryland 

This  plant  has  a  eapaeity  of  ')()(•  tons  of 
ammonium  nitrate  per  day.  It  does  not 
utilize  any  of  the  syntlietic  processes  such  as 
are  used  at  Shellleld  or  Muscle  Shoals,  but 
a  new  British  process,  the  details  of  which 
are  more  or  less  secret.  The  Company  re- 
ceived orders  for  the  turbine  and  switchboard 
equiiJment  for  this  ])lant. 

Carbide  Experimental  Plant  at  Washington,  D.  C. 

This  plant  was  built  by  the  Ordnance  De- 
partnient  and  was  practically  completed  at 
the  date  of  the  armistice.  The  transformers, 
switchboard,  motor  and  furnace  cables  were 
all  supplied  by  the  Company. 

Proposed  Government  Arc  Plant 

The  interest  in  the  arc  process  for  the 
fixation  of  nitrogen  was  revived  in  the  middle 
of  1918.  An  entire  division  of  the  nitrogen 
division  of  the  Ordnance  Department  was 
organized  to  study  this  subject.  After  the 
leading  authorities  had  been  consulted  it  was 
decided  to  lay  out  designs  for  a  plant  of  25,- 
000-h.p.  capacity.  This  plant  was  intended 
to  serve  both  as  an  experimental  plant  and 
as  a  war  plant.  The  engineers  and  experts 
of  the  Company  were  constantly  called  on 
for  advice  and  recommendations,  but  we  do 
not  know  the  ultimate  fate  of  this  project, 
but  it  may  interest  the  reader  to  know  that  in 
this  instance  cheap  power  was  the  only  re- 
quirement, as  the  raw  materials  consisted 
simply  of  air  and  of  water. 

Nashville  Powder  Plant 

Turning  now  to  consider  some  of  the  Com- 
pany's work  in  connection  with  powder  plants, 
some  few  notes  on  the  "Old  Hickory"  Plant, 
located  near  Nashville,  should  be  of  interest. 

This  plant  was  built  by  the  Dupont  En- 
gineering Company,  who  acted  as  agents  for 
the  Government,  and  a  large  part  of  it  was  in 
operation  before  the  armistice  was  signed. 
The  first  plant  called  for  a  daily  output  of 
600,000  pounds  of  smokeless  powder,  but  this 
was  soon  increased  to  900,000  pounds.  This 
plant  alone  is  about  eight  times  as  large  as 
the  largest  smokeless  powder  plant  in  the 
United  States  prior  to  1914.  It  really  consists 
of  nine  independent  unit  plants  each,  practi- 


cally speaking,  a  comiilelu  entity  in  itself. 
Some  a|)))recialion  of  the  size  of  this  plant 
may  he  gathered  from  the  fact  that  it  con- 
sumes I ")()()  tons  of  coal  for  each  working  day 
of  2\  hours  which  is  e(|uivalent  to  100  carloarls 
or  two  train  loads  per  day.  The  complete 
plant  requires  100,000,000  gallons  of  water  a 
day,  which  is  about  equal  to  the  su[)ply  for 
a  city  with  a  jjopulation  of  a  million  peo[ile. 

The  power  requirements  are  r|uitc  aston- 
ishing as  the  central  jjower  jjlant  contains  OS 
boilers  each  of  .S2.j  h.\).  This  will  be  operated 
at  an  overload  rate  giving  about  90,000  b.h.p., 
supplying  steam  to  generate  12,000  kw.  of 
electrical  energy,  as  well  as  the  steam  power 
required  for  the  treatment  of  gun  cotton  and 
for  other  purposes. 

As  almost  the  entire  electrical  equipment  for 
this  plant  was  furnished  by  the  Company  the 
reader  may  be  interested  in  the  following  notes : 

Among  the  turbo  generators  and  turbines 
supplied  by  the  Company  were  four  machines 
each  with  a  capacity  of  37o0-kv-a.,  one  of 
4375-kv-a.,  two  l(JO-kv-a.  turbo-exciter  sets, 
four  So-h.p.  turbines  wdth  gear  equi[)ment 
for  mechanical  drive  and  12  similar  units  of 
300-h.p.  each.  The  Company  furnished  GIS 
induction  motors  with  the  control  which 
totaled  lS,790-h.p.  of  induction  motors. 

One  main  switchboard  consisted  of  33  panels 
and  there  were  12  substation  switchboards 
furnished  in  addition.  There  were  many  other 
items  such  as  96  distributing  transformers 
and  a  500-amp.  arc  welding  set. 

The  operation  of  this  plant  began  on  June 
1,  19 IS,  less  than  three  months  from  the 
time  the  ground  was  broken,  and  this  unques- 
tionably was  one  of  the  greatest  engineering 
feats  of  the  country's  war  work.  The  cost 
of  this  plant  is  said  to  be  considerably  in 
excess  of  $50,000,000. 

Charleston  Powder  Plant 

This  plant  is  located  at  Nitro,  West  Vir- 
ginia. It  was  to  be  a  duplicate  of  the  Nashville 
plant  as  at  first  laid  out,  that  is  to  say,  it  was 
to  have  a  daily  capacity  of  500,000  pounds  of 
smokeless  powder;  the  equipment  was,  of 
course,  proportioned  to  its  output.  Part  of 
the  power  for  operating  this  plant  was  to  be 
purchased  from  the  \'irginia  Power  Company 
and  was  to  be  transmitted  from  Cabin  Creek 
power  station  at  6ti,000  volts.  The  Company 
received  orders  for  the  principal  items  of  the 
electrical  equipment,  which  included  three 
1250-kv-a.  turbines  with  exciters,  eleven  375- 
h.p.  turbines  for  mechanical  drive,  seven  5000- 
kv-a.,   06,000  (iOOO-volt  transformers,   and   a 
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main  switchboard  with  32  panels  and  126 
induction  motors  with  an  agg;regate  capacity 
of  about  4000  h.p. 

All  of  the  work  that  the  Company  did  in 
connection  with  the  nitrate  and  powder  plants 
was  considered  more  or  less  confidential  in 
nature,  and  the  many  and  constantly  chang- 
ing new  developemnts  demanded  the  closest 
attention  and  co-operation  all  the  time.  The 
amount  of  engineering  work  done  by  the  Com- 
pany in  this  connection  was  enormous,  but  can 
never  be  described  fully.  We  might  write  at 
great  length  about  wliat  the  Company  did 
in  the  far  flung  field  of  electrical  transmission 
and  power  house  work,  but  it  would  be  weari- 
some.     We  have   now   recited   some   of   the 


Company's  work  in  connection  with  nitrate 
plants  and  these  must  serve  as  an  example  to 
show  the  way  a  great  electrical  manufacturing 
concern  not  only  serves  its  country  in  times  of 
peace,  but  is  an  essential  factor  to  our  safety 
and  a  mighty  factor  in  securing  victory  in 
times  of  war.  The  work  of  the  General  Elec- 
tric Company  during  the  great  world  war  will 
never  be  written.  We  have  attempted  some 
few  paragraphs  which  should  help  the  imagi- 
nation of  the  reader  to  grasp  the  significance 
of  how  imperative  is  the  necessity  for  the 
machines  that  turn  the  wheels  of  industr\\ 
They  are  turned  electrically  today,  and  hence 
result  in  the  huge  scope  of  the  work  we  have 
so  feeblv  tried  to  outline. 


Russia  as  a  Fertile  Field  for  American  Commerce 


An  Am.erican  Com.mittee  of  the  Siberian 
Agricultural  Co-operative  LTnions,  represent- 
ing several  millions  of  Siberian  peasants,  has 
recently  been  formed  with  headquarters  at 
2S0  Broadway,  New  York  City.  In  addition 
to  buying  agricultural  implements  and  other 
machinery  for  its  associations,  a  principal 
function  of  this  Comm.ittee  is  to  inform  the 
American  people  of  the  true  economic  and 
industrial  status  of  Russia,  and  to  correct  as 
far  as  possible  many  erroneous  opinions  that 
have  been  created  by  newspaper  reports.  The 
Committee  is  in  direct  cable  communication 
with  Siberia  and  is  qualified  to  give  accurate 
current  information  to  the  business  public. 

Most  of  us  have  formed  our  opinions  of 
Russia  from  what  we  read  in  press  dispatches. 
We  think  of  the  country  as  being  destitute  of 
any  semblance  of  law  and  order,  and  entirely 
without  financial  resources  and  credit.  Few  of 
us  realize  the  enormous  size  of  the  country 
and  the  population  of  aimost  two  hundred 
millions;  we  are  of  the  opinion  that  what  ails 
only  a  small  portion  of  the  territory  has 
affected  the  Whole  of  Russia,  and  are  prone 
to  overlook  the  great  commercial  possibilities 
that  will  be  open,  when  the  situation  clears, 
to  the  country  that  has  fostered  the  favor  and 
good-will  of  the  peasants. 

In  commenting  on  the  general  state  of 
business  affairs,  Mr.  Gennady  N.  Berseneft", 
honorary  chairman  of  the  committee,  who  is 
the  President  of  the  United  Credit  Unions  of 
Siberia,  and  one  of  the  foremost  business  men 
of  Russia,  says: 

"I  find  that  Russia  is  largely  misunderstood  in 
America.  Your  people  seem  to  know  little  of  Russia, 
save  the  trouble  with  the  Bolsheviki,  and  that  parts 
of  Siberia  are  cold.  Economically  Russia  and 
Siberia  have  resources  that  make  them  the  richest 
country  on  the  earth.  The  mineral  resources  there 
are  vast,  but  slightly  developed.  We  have  extensive 
forests,  and  immense  stretches  of  fertile  farm  lands. 


"The  attitude  of  the  Allies  has  been  a  puzzle  to  us 
Russians,  who  are  working  hard  to  bring  about  the 
regeneration  of  our  country.  We  do  not  believe  that 
the  Allies  plan  the  impoverization  of  Russia,  yet  the 
activities  of  the  anti-Bolshevik  forces,  the  ultimate 
winners  in  the  struggle,  because  they  are  the  pro- 
ducers, have  not  been  recognized. 

"Your  press  dispatches  from  Russia  have  little  in 
them  save  the  activities  of  the  warring  factions. 
The  balance  is  going  into  the  work  of  the  peasantry', 
getting  ready  for  the  time  when  the  politics  of  the 
country  shall  have  settled  and  normal  commerce 
can  be  resumed.  We  have,  at  the  present  time, 
stores  of  raw  materials  that  could  be  put  on  the 
world  market  if  conditions  were  right.  The  world 
needs  them,  and  we  need  agricultural  machinery  and 
equipment,  in  order  to  permit  the  development  of 
our  resources  to  go  on. 

"Russia  has  reached  the  point  where  she  must 
trade  with  some  other  great  nation.  In  spite  of  the 
trouble  there,  other  nations  than  America  are  laying 
the  foundation  for  future  business.  We  prefer  to 
trade  with  America.  We  have  profound  admiration 
for  your  people,  and  complete  trust  in  your  business 
and  commercial  methods.  For  that  reason  we  are 
trying  to  overcome  j'our  ignorance  regarding  the  real 
Russia,  in  order  that  your  people  may  not  be  afraid 
to  enter  into  commercial  relations  with  us  in  the 
immediate  future. 

"Should  we  fail  in  this  attempt,  it  will  be  neces- 
sary to  trade  elsewhere.  Our  organization  is  sound, 
reliable.  The  members  of  the  Co-operative  societies 
of  Russia  are  those  whose  activities,  politically, 
will  ultimately  rule  that  country.  They  are  demo- 
cratic, patient,  good  workers,  and  potentially  all- 
powerful  in  Russia.  Marauders  like  the  Bolsheviki 
cannot  hope  to  win  against  them.  Tzarist  terrorism 
was  thrown  off,  not  because  it  was  Tzarist,  but  be- 
cause it  hindered  the  democratic  development  of  the 
people.     Bolshevism  w-ill  fail  for  the  same  reason. 

"When  conditions  are  normal,  there  will  be  no 
hesitation  on  the  part  of  American  business  men  to 
enter  trade  relations  with  us. .  That  time  is  much 
nearer  than  is  generally  believed,  and  the  foundations 
must  be  laid  now^  unless  you  are  to  lose  the  greatest 
market  that  the  world  has  produced  as  yet.  There 
are  millions  of  pure-blooded  Rus.sians  in  Siberia, 
exclusive  of  all  other  peoples  in  our  land,  who  are 
potential  buyers  of  American  goods,  if  you  will  go 
after  them.  They  produce  raw  materials  that  you 
need.  Industry  in  Siberia  is  too  small  to  be  con- 
sidered as  an  economic  fa;ctor  at  this  time." 
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RAILWAY  ELECTRIFICATION  AND  THE  NATION'S  COAL  PILE 


W'r  ha\'i'  (lisci)ursi'(l  at  Icn^^lh  in  tlu'so 
columns  on  tlu'  ailvanlaKcs  of  railway  vk'c- 
trification,  hiil  frcl  that  we  cannot  too  often 
refer  to  the  j^'reat  heneiit  that  would  result 
to  all  concerned,  the  railwa>s  and  the  i)ul)lic, 
were  all  of  our  trunk  line  railways  converted 
to  electric  operation.  The  main  obstacle  is 
the  tremendt)us  cost  invoh-cd,  which  a  few 
years  ago,  with  fuel  cheap  and  jilentiful, 
seemed  out  of  all  proportion;  which  today, 
with  a  shortage  of  coal  anil  high  prices, 
appears  less  formidable;  and  which  in  another 
decade,  owing  to  serious  depletion  of  fuel 
resources  and  the  need  for  utmost  economy, 
may  be  entirely  justifiable. 

Notwithstanding  the  superior  performance 
of  the  electric  locomotive,  its  cleanliness,  and 
its  ability  to  materially  increase  the  freight 
capacity  of  the  railroad,  the  compelling  factor 
in  effecting  the  changeover  will,  in  all  prob- 
ability, be  the  problem  of  conserving  the  coal 
supply.  It  has  been  conservatively  estimated 
that  one  pound  of  coal  when  burned  under 
boilers  in  a  modern  electric  power  house  will 
do  the  work  of  three  pounds  in  the  steam 
locomotive,  and  the  showing  is  even  better 
in  such  severe  climates, as  that  w^hich  exists 
in  the  Northwest.  On  the  basis  of  present 
consumption  this  rejiresents  roughly  a  sav- 
ing of  one  hundred  million  tons  of  coal  annu- 
ally 

Not  only  docs  electric  operation  permit 
of  the  most  economical  utilization  of  fuel,  but 
what  is  more  significant,  it  makes  possible  the 
use  of  hydro-electric  power  in  many  localities. 
It  is  indeed  an  unfortunate  order  of  things 
that  requires  coal  to  be  hauled  half  way  across 
the  continent  to  lift  a  train  over  the  Con- 
tinental Divide,  when  the  topography  of  the 
divide  is  ready  to  provide  hydro-electric 
energy,  which  itself  may  be  partially  recov- 
ered on  the  down  grade  by  means  of  regen- 
erative braking. 

The  pioneer  work  of  the  Chicago.  Mil- 
waukee and  St.  Paul  Railway  in  this  field  is 
deserving  of  the  highest  praise  for  its  con- 
structive significance.  The  pronounced  success 
of  the  initial  installation  over  the  Rocky 
Mountains  during  the  past  four  years  has 
hastened  the  completion  of  the  electrification 
across  the  Cascade  Range,  making  in  all 
about  800  miles  of  electrified  right-of-way. 
A  new  type  of  gearless  passenger  locomotive 
has  just  been  built  for  operation  over  the 
latter  section,  and  is  described  in  this  issue 
of  the  Review. 

B.  M.  E. 


ALBERT  G.  DAVIS  ELECTED  A  VICE-PRESI- 
DENT OF  THE  GENERAL  ELECTRIC 
COMPANY 

Albert  (j.  Davis,  ])atcnt  counsel  and  man- 
ager of  the  Patent  Department  of  the  General 
Electric  Company,  was  made  a  Vice-President 
of  the  Company  on  November  21,  1910. 

Mr.  Davis  was  born  in  Bangor,  Me.,  in 
1S71,  and  was  graduated  from  the  Mass- 
achusetts Institute  of  Technology  in  1893. 
with  the  degree  of  S.  B.  in  electrical  engineer- 
ing, and  from  the  National  Law  School  of 
Washington,  in  1S96. 

In  the  spring  of  1894  Mr.  Davis  secured  a 
l)osition  as  assistant  examiner  in  the  patent 
office  at  Washington,  and  in  l.S9<)  resigned 
this  position  to  open  an  office  in  the  same 
city  as  patent  attorney.  During  his  residence 
in  Washington,  he  took  a  course  at  the 
National  Law  School,  from  which  he  was 
graduated  in  189(5,  as  previously  mentioned. 
He  was  admitted  to  the  bar  in  the  District 
of  Columbia  in  1897,  and  in  December  of 
the  same  year  he  accepted  the  position  of 
manager  of  the  Patent  Department  of  the 
General  Electric  Company,  succeeding  Mr. 
George  R.  Blodgett. 

At  that  time  the  electrical  industry  was 
just  at  the  threshold  of  its  great  develop- 
ment and  the  patent  situation  was  par- 
ticularly important.  Inventions  were  being 
made  daih'  and  many  of  them  were  offered 
to  the  large  electrical  manufacturers  at 
fabulous  prices.  To  select  the  wheat  from 
the  chaff  was  always  a  problem  requiring  not 
only  the  highest  technical  knowledge,  but  a 
keen,  prophetic  instinct  as  to  the  future 
development  of  the  art.  Subsequent  history 
has  showTi  that  Mr.  Davis'  work  in  this 
capacity  was  attended  with  remarkable 
success,  which  rightly  should  be  attributed 
to  his  natural  qualifications  and  education. 

While  fulfilling  the  many  duties  of  his  posi- 
tion as  patent  counsel  and  manager  of  the  Pat- 
ent Department,  Mr.  Davis  has  not  limited  his 
activities,  but  has  always  taken  a  marked  in- 
terest in  questions  of  administration,  engineer- 
ing, and  physical  research,  and  was  conspicu- 
ously active  in  the  organization  of  the  General 
Electric  Company's  Research  Laborators*. 

Air.  Davis'  new  office,  although  it  naturally 
broadens  his  activities,  does  not  affect  his 
position  as  patent  counsel  and  manager  of 
the  Patent  Department;  his  promotion  to 
Vice-President  is  a  recognition  of  the  valuable 
services  he  has  rendered  to  the  General  Elec- 
tric Company.  B.  M.  E. 
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A  3000-volt    Direct-current   Passenger  Locomotive 
for  the  Chicago,  Milwaukee  CSi>  St.  Paul  Railway 

By  W.  D.  Bearce 

R.^ILW.W  .\ND  Tr.\CTION  DEPARTMENT,  GeNER.\L  ElECTRIC  COMPANY 

The  original  electric  locomotives  of  the  C,  M.  &  St.  P.  Ry.  were  of  the  geared  type,  and  differed  for 
freight  and  passenger  service  only  in  the  gear  ratio.  As  is  well  known  the  performance  of  these  locomotives 
has  been  entirely  satisfactory;  but  the  advantages  of  the  gearless  type  of  construction  for  passenger  service 
as  demonstrated  by  the  gearless  locomotives  of  the  New  York  Central  Railroad  have  led  to  the  development 
of  a  similar  type  for  the  C,  M.  &  St.  P.  Ry.  These  locomotives  are  now  being  placed  in  operation  and  will 
eventually  replace  the  geared  type  of  passenger  locomotives,  which  will  be  assigned  to  freight  service  with  a 
change  ot  gear  ratio.  The  mechanical  and  electrical  features  of  these  new  locomotives  are  described  in  this 
article. — Editor. 


The  original  electrification  of  the  Chicago, 
Milwaukee  &  St.  Paul  Railway  has  now  been 
operating  for  a  ntimber  of  years  under  the 
extremely  bad  weather  conditions  of  the 
Rocky  and  Bitter  Root  Mountains  and,  as 
a  result  of  the  unqualified  success  of  this 
Montana  electrification,  the  same  system  will 
now  be  used  to  meet  the  severe  grades  and 
snow  conditions  of  the  Cascade  Range.  The 
motive  power  equipment  of  the  original  elec- 


distinctively  for  passenger  service  and  possess 
some  very  interesting  mechanical  and  elec- 
trical features.  (The  geared  passenger  loco- 
motives will  be  employed  for  freight  ser\dce 
with  a  change  of  gear  ratio.)  The  new  loco- 
motives are  of  the  bi-polar  gearless  type, 
with  the  motor  armatures  mounted  directly 
on  the  driving  axles.  In  this  fundamental 
feature,  they  follow  the  design  of  the  gearless 
locomotives    which    have    given    remarkable 
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Fig.  1.     Profile  showing  the  Electrified  D; 
These  electrificati( 


Miles  from  Seattis 
of  the  C.  M.  &  St.  P.  Ry. 


1  the  Rocky  Mt.  and  Cascade  Mt.  Ranges. 


r  constitute  nearly  one  third  the  length  of  this  Railway  from  Chicago  to  the  Pacific  Coast 


trification  consisted  of  42  locomotives  for 
freight  and  passenger  service,  and  four 
switchers.  Of  this  equipment,  the  freight 
and  passenger  locomotives  differed  from  each 
other  only  in  the  gear  ratio  between  the 
motors  and  driving  axles. 

The  new  3000-volt  direct-current  locomo- 
tives, which  are  now  being  placed  in  operation 
for  passenger  service  on  the  Othello-Seattle- 
Tacoma  electric  zone  of  the  railway,  are  of 
an  entirelv  different  design.     Thev  are  built 


operating  results  during  the  past  ten  years  on 
the  New  York  Terminal  of  the  New  York 
Central  Railroad.  The  chief  advantage  of 
this  method  of  construction  is  the  great  sim- 
plicity of  niechanical  design  which  eliminates 
all  gears,  armature  and  suspension  bearings, 
jack-shafts,  side-rods  or  other  transmitting 
de-\'ices.  The  remarkably  low  cost  of  main- 
tenance of  the  New  York  Central  locomotives 
over  the  entire  period  is  attributed  largely 
to  the  gearless  type  of  construction. 
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Tlu'  iK'w  CliicaK".  Milwaiiki'f  \-  St.  I'aiil 
loconi(iti\(.'s  \vi'ij.;li  L'(i.')  ions  vnvh,  willi  22!l  Ions 
on  tlic  drivers.  Thoy  liavo  foiirU'rii  axles, 
twelve  of  which  are  (lri\in;^,  and  two  ^^iiidinji 
axles.  The  weij^'hl  of  the  armatures  and 
wheels  is  the  only  dead  wei};;ht  on  the  track, 
and  this  is  ai)i)roximatel\'  i).")()()  pounds  per 
axle.  The  total  wei^dil  on  the  drivers 
(45S,()t)l)  pounds)  is  S()  jjer  cent  of  the  weijjht 
of  the  locomotive,  but,  beinjj  distributed 
amonj;  twelve  axles,  results  in  a  wei}:;ht  of 
only  3S.U)G  jKuinds  per  axle. 

One  of  the  most  interestinj;  and  imi)ortant 
features  of  the  locomotive  is  the  design  of 
the  leadinjj  and  trailinjj  trucks  anil  the 
method  of  suspending  the  cab  weight  ujjon 
them.  The  successive  trucks  are  coupled 
together  in  such  a  way  as  to  dead-beat  or 
break  up  any  lateral  oscillations  which  may 
be  caused  by  inequalities  of  the  track.  The 
weight  of  the  main  cab  is  so  supported  on 
the  front  and  rear  trucks  that  any  lateral 
thrust  or  kick  of  the  leading  or  trailing  wheel 
against  the  track  is  cushioned  by  the  move- 
ment of  the  main  cab  which  automatically 
increases  the  weight  bearing  down  on  the 
wheels  at  the  point  where  the  thrust  occurs 
and  automatically  reacts  to  prevent  any 
distortion  of  the  track.  The  result  of  this 
design  is  such  as  to  give  riding  qualities  at 
high  speeds  which  have  probably  never  been 
attained  before  in  a  double-ended  locomotive. 
Exhaustive  tests  on  the  General  Electric 
Company's  test  tracks  at  Erie.  Pa.,  have 
demonstrated  the  remarkable  riding  qualities 
of  the  new  locomotive  at  speeds  as  high  as 
65  miles  per  hour,  which  is  the  limit  of  speed 
on  the  length  of  test  track  available.  These 
tests  also  indicate  that  the  locomotive  will 
operate  at  much  higher  speeds  with  equal 
success. 

The  locomotive  is  designed  for  handling 
in  normal  ser\-ice  a  12-car  train  weighing 
960  tons  trailing  against  a  grade  of  2  per  cent 
at  2.5  miles  per  hour.  This  perform_ance 
requires  56,500  pounds  tractive  effort  which 
is  equivalent  to  a  coefficient  of  adhesion  of 
12.3  per  cent  of  the  weight  upon  the  driving 
axles.  The  wide  margin  thus  provided  be- 
tween the  operating  tractive  coefficient  and 
the  slipping  point  of  the  wheels,  as  well  as 
the  ample  capacity  of  the  motors,  will  allow 
this  locomotive  to  haul  trains  of  as  m.any  as 
fourteen  cars  in  emergencies.  For  continuous 
operation,  the  locomotive  is  designed  to 
operate  at  42,000  pounds  tractive  effort  at 
a  speed  of  25  miles  per  hour. 

The  total  weight  supported  on  the  driving 
axles  is  practically  the  same  as  that  on  the 
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present  geared  passenger  locomotives,  a  total 
of  300  tons.  Table  I  gives  the  principal 
dimensions,  weights,  and  capacity  of  this  new 
locomotive. 

TABLE  I 

Length  inside  knuckles 76  ft.    0  in. 

Length  over  cab 4 68  ft.    0  in. 

Total  wheel  base  .  .  .  :' 67  ft.    0  in. 

Rigid  wheel  base 13  ft.  11  in. 

Diameter  driving  wheels 44  in. 

Diameter  guiding  wheels 36  in. 

Weight  electrical  equipment 235,000  lb. 

Weight  mechanical  equipment 295.000  lb. 

Weight  complete  locomotive 530,000  lb. 

Weight  on  drivers 458.000  lb. 

Weight  on  each  guiding  a.^ile 36,000  lb. 

Weight  on  each  driving  axle 38,166  lb. 

Number  of  motors 12 

One  hour  rating 3240  h.p. 

Continuous  rating 2760  h.p. 

Tractive  effort;  one-hour  rating 46,000  lb. 

Tractive  effort;  continuous  rating 42,000  lb. 

Tractive  effort;  two  per  cent  ruling  grade  with 

960-ton  train 56,500  lb. 

Coefficient  of  adhesion  ruling  grade 12.3  per  cent 

Starting  tractive  effort;  25  per  cent  coefficient  of 

adhesion 115,000  lb. 

Rate  of  acceleration  starting  two  per  cent  ruling 

grade 0.48  m. p. h.p. s. 


grades.  The  motor-generator  set  furnishes 
control  current  for  operating  the  contactors 
and  for  charging  an  SO-volt  storage  battery 
which  supplies  lights  and  power  for  the  acces- 
sor}^  apparatus.  The  battery  is,  in  general, 
similar  to  those  used  on  the  passenger  coaches. 
The  master  controller  is  constructed  in  three 
sections  arranged  for  both  motoring  and  regen- 


Fig.  3.      Electro-pneumatic  Series-parallel  Switch  for  Changing  the 
Connection  of  the  Motors  from  Six  in  Series  to  Three  in  Series 


Fig.  4.      Master  Controller  That,  Through  Low-voltage 
Auxiliary  Circuits  Actuates  the  3000-volt  Direct- 
current  Switches 


The  control  equipment  for  the  new  loco- 
motive is  similar  in  most  respects  to  that 
now  used  on  the  original  locomotives  which 
have  now  been  operating  nearly  four  years. 
Modifications  were,  of  course,  necessary  to 
comply  with  the  different  arrangement  of 
motors.  Advantage  is  taken  of  a  new  scheme 
of  connections  by  means  of  which  four  of  the 
main  locomotive  motors  are  utilized  to 
furnish  exciting  cuixent  during  regeneration, 
thus  reducing  the  size  of  the  motor-generator 
set  used  for  control,  accessories,  and  train 
lighting.  An  appreciable  reduction  in  the 
weight  of  control  equipment  is  obtained  yet, 
at  the  same  time,  effective  regenerative 
electric    braking    is    provided    on    the    down 


crating,  all  of  the  cylinders  being  suitably 
interlocked  to  prevent  incorrect  manipulation. 
The  motors  are  bi-polar,  the  two  fields 
being  supported  upon  the  truck  springs 
with  full  freedom  for  vertical  play  of  the 
armature  between  the  pole  faces.  Fig.  2 
shows  the  outline  of  the  locomotive  with  a 
sectional  view  of  four  of  the  motors  indicating 
the  location  of  the  armatures  and  the  mag- 
netic section.  For  full-speed  operation,  the 
twelve  motors  are  connected  three  in  series 
with  1000  volts  per  commutator.  Control 
connections  are  also  provided  for  operating 
four,  six,  or  twelve  motors  in  series.  Addi- 
tional speed  variation  is  obtained  bj'  tapping 
the  motor  fields  in  all  combinations.    Cooling 
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air  I'lif  carli  pair  ul'  inotors  is  supplied  l^y  a 
small  m()tiir-ilri\  (.'11  hlnwi'r.  This  arraiiK't'- 
incnt  avoids  the  hoavv  duel  losses  ciicouiilcrcd 
with  a  single  larj^e  blower. 

As  miiy  he  seen  from  the  curves  in  Fij^-  <», 
the  jjearless  locomotive  shows  a  much  better 
efficiency  at  hi^h  sjjeeds  than  the  ;;eared  tyi)e, 
owin^  to  the  elimination  of  the  ^car  ilrive. 
In  passenger  service,  where  there  are  long 
stretches   of    level    track   and   stopping 
points  are  comparati\x'ly  few,  a  much 
higher  efficiency  is  obtaineil    in  all-day 
service.     These  curves  show  an  eOiciencx-       *** 
at  50  miles  per  hour  approximate! \-  10        ^^ 
per  cent  higher    llian   the  geared    type 
of  locomotive.  « 

The   30U()-volt    contactors    and    grid 
resistors  are  mounted  in  the  cur\'ed  end    ^  ^ 
cab  at  each  end  of  the  locomotive.     In    |  ^ 
one  of  these  cabs  there  is  also  located    | 
the   3000-volt   direct-current    air    com-    ';'  « 
pressor    and    storage    battery.     In    the 
other  is  located  a  small  motor-generator 
set  and  the  high-speed  circuit  breaker. 
The  operating  cabs  contain  the  master 
controller,  indicating  instruments,  and  a        » 
small  air  compressor  operated  from  the 
battery    circuit    and    having    sufficient        '° 
capacity   for    raising     the    pantograph         ^ 
when   first    putting    the    locomotive   in 
operation.     Near  the  controller  are  the  pig.  g 
usual  air  brake  handles  for  the  standard 
braking  equipment. 

The  center  cab  is  occupied  by  the  oil-fired 
steam  boiler  for  heating  the  passenger  train 
and  b\-  accessories  including  tanks  for  oil 
and  water,  circulating  pumps,  and  a  motor- 
driven  blower  for  furnishing  forced  draft.     A 


struction  enable  the  locumcjtives  to  collect 
currents  as  high  as  2000  amperes  at  speeds 
up  to  00  miles  jjcr  hour  without  noticeable 
arcing  at  the  contact  points.  The  second 
pantograph  is  held  in  reserve  as  a  spare. 
Sand  boxes,  with  pipes  leading  to  each 
pair  of  driving  wheels,  are  located  directly 
iDcneath  the  pantograph  outside  the  operat- 
ing cal). 
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Fig.  5.     Axle,  Wheels  and  Arms 


slider  pantograph,  similar  in  constiniction  to 
those  now  in  use,  is  mounted  on  each  of  the 
operating  cabs.  This  pantograph  has  two 
sliding  contacts,  giving  a  total  of  four  points 
per  slider  with  the  double  trolley.  The 
pantograph    and    flexible    twin    trolley    con- 
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3ficeii'  M/es  per  Hoc/r 
Speed-efficiency  Curves  of  Geared  and  Gearless  Locomotives,  showing 
the  superior  efficiency  of  the  gearless  type  at  passenger  speeds 

Fig.  1  is  a  continuous  profile  from  Seattle 
to  a  point  about  1000  miles  east,  including 
the  Cascade  electrification,  the  Harlow^ton 
Avery  electrification  and  the  inter\'ening 
220  miles.  The  new  locomotives  will  operate 
over  the  section  betw^een  Othello,  Seattle, 
and  Tacoma,  including  17  miles  of  2.2  per 
cent  grade  from  the  Columbia  River  west, 
and  19  miles  of  1.7  per  cent  grade  between 
Cedar  Falls  and  the  summit  of  the  Cascades. 
The  traffic  over  this  division  consists  of  the 
heavv^  main  line  transcontinental  passenger 
trains  "01\-mpian"  and  "Columbian,"  car- 
r>4ng  from  8  to  12  steel  passenger  coaches 
which  will  be  handled  over  the  maximum 
grades  without  helpers.  Freight  pushers  are 
already  in  operation  on  the  2.2  per  cent  grade, 
using  two  of  the  locomotives  from  the  original 
electrification.  It  is  expected  that  electrical 
operation  during  the  coming  winter  will 
assist  in  overcoming  many  of  the  delays 
which  are  commonly  met  during  winter  opera- 
tion in  this  district. 


lOOS     December,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  12 


EXHIBITION  TESTS  OF  3000-VOLT  DIRECT-CURRENT 
PASSENGER  LOCOMOTIVE 


As  a  demonstration  of  the  performance  of 
the  new  3000-volt,  direct-current  bipolar  gear- 
less  passenger  locomotive,  described  in  the  pre- 
ceding article,  exhibition  tests  were  run  off  at 
Erie,  Pa.,  on  November  7.  This  exhibition 
was  witnessed  by  many  prominent  railroad 
representatives,  including  engineers  from  Can- 
ada, South  America,  France,  Belgium,  Japan, 
and  Australia.  In  all,  nearly  two  hundred 
visitors  attended  the  tests  which  began  at 
10  o'clock  in  the  morning  and  extended  to 
late  in  the  afternoon. 

The  high-speed  tests  were  the  first  to  be 
made  and  included  a  series  of  runs  with  about 
twenty  passengers  at  each  trip,  operating  at 
speeds  as  high  as  65  m.p.h.  This  was  the 
maximum  speed  possible  on  the  test  track, 
which  is  slightly  less  than  three  miles  in 
length.  Two  standard  passenger  coaches  were 
hauled  for  those  passengers  who  did  not  ride 
in  the  locomotive  cabs. 

After  luncheon,  regenerative  braking  tests 
were  made  with  two  steam  locomotives  ob- 
tained from  the  New  York  Central  Railroad 
for  this  purpose.  One  of  these  was  a  high- 
speed passenger  locomotive  of  the  Pacific  type, 
having  a  total  of  173,000  lb.  on  the  six  drivers. 
The  second  was  a  freight  locomotive  of  the 
Mountain  type,  having  eight  driving  wheels 
with  a  total  of  234,000  lb.  on  the  driving  axles. 
The  principal  data  on  the  two  engines  are  as 
follows : 


K2 
Passenger 

L-l 

Freight 

Wheel  arrangement 

Weight  lb.  engine  and  tender  . 

Weight  lb.  engine 

Weight  lb.  on  driving  axles.  .  . 
Maximum    tractive   effort    (at 

4-6-2 
421,000 
276,800 
173,000 

29,150 
79  in. 
36  ft.  6  in. 
14  ft. 

77  ft.  6i  in. 

4-8-2 

509,500 
343,000 
234,000 

51,400 

Diameter  drivers 

69  in. 
3Sft.llin 

18  it. 

Overall     length,     engine     and 

82ft. Ifin 

For  the  regenerative  braking  tests  the  three 
engines  were  coupled  together,  the  electric 
locomotive  leading.  After  all  three  had  ac- 
celerated to  25  m.p.h.  the  two  steam  engines 
made  their  best  endeavor  to  push  the  electric 
locomotive  faster  but  were  prevented  from 
doing  so  b}'  the  application  of  regenerative 
braking  on  the  electric  locomotive. 


At  times,  as  high  as  2000  kw.  was  returned 
through  the  substation  to  the  Erie  Works. 
The  laborious  efforts  of  the  two  steam  engines 
to  maintain  speed  with  the  electric  locomotive 
regenerating  were  most  spectacular. 

As  a  concluding  event,  a  bucking  test  was 
made  of  the  two  steam  locomotives  against 
the  electric  in  which  the  electric  locomo- 
tive easily  pushed  back  the  two  steam  en- 
gines in  spite  of  their  throttles  being  wide 
open. 

Among  the  railroad  officials  attending  the 
tests  were  the  following : 

H.  R.  Warnoek.  Gen.  Supt.  of    Motive  Power;    Chicago,   Mil- 
waukee &  St.  Paul  Railway 
H.  K.  Fox.  Mech.  Eng.;  Chicago,  Milwaukee  &  St.  Paul  Railway 
C.  T.  Ripley.  Gen.  Mech.  Inspector;  Sante  Fe  Lines 
E.  Wanamaker.  Elec.  Eng.;  Rock  Island  Lines 
E.  Marshall.  Elec.  Engr. ;  Great  Northern  Railway 

C.  F.  Nutter.  Elec.  Engr.;  Sante  Fe  Lines 

D.  W.  Jansen.  Elec.  Engr.;  Illinois  Central  Railroad 
J.  v.  B.  Duer.  Asst.  Engr.;  Pennsylvania  Railroad 

W.  F.  Kiesel,  Jr..  Mech.  Engr.;  Pennsylvania  Railroad 
C.  B.  Keiser.  Supt.  of  Motive  Power;  Pennsylvania  Railroad 
J.  C.  Mock,  Signal  Elec.  Engr.;  Michigan  Central  Railroad 
A.  R.  Avers.  Supt.  of  Motive  Power;  New  York,  Chicago  &  St. 
Louis  R.R.  (Nickel  Plate) 

A.  S.  Ingalls.  Gen.   Mgr.;   New  York  Central  Railroad  (Lines 

west  of  Buffalo) 

E.  B.  Katte.  Chief  Engr.  of  Elec.  Traction;  New  York  Central 

Railroad 
C.  H.  Quereau.  Supt.  of  Elec.  Eqpt.;  New  York  Central  Railroad 

F.  B.  Wiegand.  Signal  Engr.;  New  York  Central  Railroad  {.Lines 

west  of  Buffalo) 
W.  O.  Thompson,  Supt.  of  Eqpt.,  New  York  Central  Railroad 

(Lines  west  of  Buffalo) 
T.  Chidley,  Supt.  of  Motive  Power;  New  York  Central  Railroad 

B.  R.  Mac  Bain,  Asst.  Gen.  Mgr.;  New  York  Central  Railroad 
W.  D.  Burnham,  Ass't  Elec.  Eng.;  B.  &  O.  R.R. 

S.  B.  Clement,  Chief  Engr.;  Temiskaming  &  No.  Ontario  Railway 
J.  Murphy,  Elec.  Engr.;  Railway  Commission  of  Canada 

C.  P.  Price,  Elec.  Supt.;  Canadian  National  Railways 

E.  B.  Walker,  Elec.  Engr.;  Canadian  National  Railways 

W.  G.  Hewson.  Elec.  Engr.;  Hydro  Elec.  Pwr.  Comm.  of  Ontario 

J.  G.  Baukat.  Mech.  Engr.;  Hydro  Elec.  Pwr.  Comm.  of  Ontario 
The  visiting  Consulting  Engineers  included  Frank  J .  Sprague 

of  New  York,  A.  L.  Drumm  of  Chicago,  and  R.  H.  Wheeler  of 

New  York 

The  American   Locomotive  Company  was  represented  by 

Mr.  C.  J.   Mellin.  Chief  Designing  Engineer  and  J.  G.  Blunt, 

Chief  Mechanical  Engineer. 

Foreign  representatives  included: 

Mr.  L.  Levi.  Director  General;  Compagnie  Francaise  Thomson- 
Houston  Company 

Mr.  R.   Martin.  Rwy.  Engr.;  Compagnie  Francaise  Thomson- 
Houston  Company 

Mr.  H.  Berger.  Rwy.  Engr.;  Union  Electrique,  Belgium 

Mr.   J.    Canivet,    Tech.    Representative;   Compagnie   Francaise 
Thomson-Houston  Company 

Mr.  Solar;  (I^hilian  Government  Commission 

Mr.  Edward  J.  Doran,  Traffic  Mgr.;  New  South  Wales  Go%-t. 

Messrs.  F.  Ohashi  and  T.  Nishioka.  Shibaura  Tramways  Eng. 
Works,  Japan 

Prominent   General  Electric   Company  representatives  in- 
cluded: 

M.  Griswold,  Mgr.;  Erie  Works 

G.  E.  Emmons.  Vice  Pres.  cS:  Gen.  Mgr.;  Schenectady  Works 

F.  C.  Pratt.  Vice  President 
H.  W.  Darling.  Treasurer 

Langdon  Gibson.  Mgr.;  Production  Department 
H.  F.  T.  Erben.  .^sst.  Mgr.;  Schenectady  Works 
Wm.  Dalton,  Asst.  Mgr.;  Schenectady  Works 
W.  B.  Potter.  Chief  Engr.;  Railway  &  Traction  Department 
.\.  H.  Armstrong,  Chairman;  Electrification  Committee 
A.  F.  Batchelder,  Locomotive  Engr.  and  Designer  of  the  Loco- 
motive 

E.  D.  Priest,  Engineer  of  Railway  Motors 

F.  E.  Case,  Engineer  of  Railway  Equipment 
and  many  others. 
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Electrical  Characteristics  and  Testing  of  Dry  Cells 

ABSTRACT  OF  CIRCULAR  79  OF  THE  U.  S.  BUREAU  OF  STANDARDS 

Tlu'  so-calkd  dry  cell  is  ;iliout  llio  conimoiit-jit  source  of  ilcclricity,  ami  its  uses  are  varieJ  ami  extensive 
and  are  iiicreasing  as  the  statistics  of  the  manufacturers  will  show.  Very  little  information  has  been  pub- 
lished on  the  dry  cell,  and  engineers,  as  a  rule,  know  little  about  its  construction  and  how  it  should  be  used  to 
the  best  advantage.  Circular  79  of  the  Bureau  of  Stamlards  on  dry  cells  is  an  up-to-date  treatise  on  this 
form  of  primary  battery,  and  as  nothing  has  been  published  in  the  Genkrai,  Electric  Review  on  this  sub- 
ject, we  have  made  a  comprehensive  abstract  of  the  paper. — RniroR. 


I.     INTRODUCTION 

The  coninuiiie.sl  form  uf  primary  haltcry 
is  the  so-called  dry  cell.  The  dry  cell  is 
extensively  used  for  a  great  variety  of  pur- 
poses, but  comparatively  little  information 
is  available  in  convenient  form  regarding  its 
construction  and  operation  and  the  methods 
of  using  it  to  the  best  advantage.  Dry  cells 
differ  in  electrical  characteristics  as  well  as 
in  size  and  construction,  but  they  are  often 
used  indiscriminately  without  reference  to  the 
purposes  for  which  they  are  best  adapted. 
The  most  efficient  ser\-ice  can  only  be  obtained 
when  proper  attention  is  given  to  the  selection 
of  the  cell  for  the  kind  of  ser\ace  for  which  it  is 
designed. 

The  object  of  this  paper  is  to  describe 
briefly  the  various  kinds  of  cells  that  are 
obtainable,  to  indicate  the  kinds  of  service 
for  which  they  are  adapted,  and  to  describe 
the  methods  of  testing  them. 

In  the  preparation  of  .this  paper  the 
literature  of  the  subject  has  been  reviewed 
and  '^ti.died,  and  liberal  use  made  of  material 
contained  in  a  number  of  books.'  The 
Bureau  has  also  benefited  by  the  information 
and  experience  obtained  from  the  leading 
manufacturing  companies. 

Dry  cells  first  appeared  in  this  country 
about  1S90,  but  several  years  elapsed  before 
a  reliable  cell  of  American  manufacture  was 
on  the  market.  Since  then  the  industry  has 
grown  rapidly,  as  shown  by  the  census 
statistics  given  in  Table  I,  wliich  applies  to 
the  larger  sizes  of  dry  cells.  Flashlight  cells 
are  now  made  in  greater  munbers,  but  are 
not  included  in  table  in  next  column. 

It  is  probable  that  the  present  annual  pro- 
duction considerably  exceeds  a  hundred 
million.  This  rapid  growth  of  the  industry 
has  been  due  to  the  use  of  the  larger  sizes 
for  ignition  and  telephone  se^^-ice,   and  of 

^Especial  acknowledgment  is  made  of  our  indebtedness  to 
Primary  Batteries,  by  W.  R.  Cooper;  and  Practical  Electricity, 
by  W.  E.  Ayrton  and  T.  Mather. 

^Bureau  of  Census,  Bull,  of  Elec.  Mach.  App.  and  Sup.,  p.  13, 
1914. 

•LeclanchS.  Mondes,  16,  p.  532.  1868;  U.  S.  Patent  64113. 
Apr.  23,  1867. 

*Cooper,  Primary  Batteries,  p.  3.  1917;  Ayrton  and  Mather. 
Practical  Electricity,  p.  192,  1912. 


small  sizes  for  flashlights.  The  use  of  the 
small  cells  for  flashlight  purposes  has  been 
made  possible  by  the  development  of  the 
miniature  tungsten  lamp. 

TABLE    I 

THE  PRODUCTION  OF  DRY  CELLS  IN  THE 
UNITED  STATES' 


Year 


Number 


Value 


1889 1,946,688  $    316,013 

1904 4,888.361  513,026 

1909 33,988,881  4,-583,082 

1914 71,092,438  8,719,164 


The  modern  dry  cell  is  the  outgrowth  of 
the  Leclanche  cell,  which  is  still  used  for 
some  purposes.  Leclanche  described  the 
celF  that  bears  his  name  in  1868.  He  expressed 
the  voltage  of  his  cell  in  terms  of  the  copper- 
sulphate  cell,  and  its  internal  resistance  in 
terms  of  meters  of  iron  wire  of  a  certain 
diameter.  He  refers  to  the  depolarizing  action 
in  his  cell  as  combustion  of  hydrogen.  The 
success  of  the  Leclanche  ceU  led  to  numerous 
attempts  to  make  its  electrolyte  unspiUable. 
Various  absorbents  and  fillers,  such  as  sand, 
sawdust,  cellulose,  asbestos  fiber,  plaster  of 
Paris,  and  spun  glass  were  tried  by  experi- 
menters during  the  20  years  following.  In 
1888  Gassner''  produced  the  first  successful 
dry  cell.  His  cell  consisted  of  a  zinc  can 
ser\-ing  as  anode  and  also  as  the  container  for 
the  cell,  a  carbon  rod  surrounded  by  the  de- 
polarizing mixture  which  was  WTapped  in  cloth, 
and  the  electrolyte  in  the  form  of  a  jelly.  The 
open-circuit  voltage  of  this  cell  was  about  1 .3 
volts,  and  its  short-circuit  current  about  6  am- 
peres. The  dry  cells  in  use  today  have  been 
developed  from  this  cell  of  Gassner. 

II.     THEORY  AND  CONSTRUCTION  OF 
THE  DRY  CELL 

The  dry  cell  has  been  so  designated  because 
its  electroh-te  is  contained  in  an  absorbent 
material  which  permits  use  of  the  cell  in  any 
position.  The  cell  is,  however,  not  dry.  In 
fact,  one  of  the  essential  requirements  in  its 
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make-up  is  that  it  be  sufficiently  wet  under 
all  ordinary  conditions. 

1.      Elementary  Theory 

Although  the  chemical  reactions  in  the  dry 
cell  are  not  exactly  understood,  a  brief  dis- 
cussion of  the  principal  changes  taking  place 
at  the  electrodes  can  be  given  here.  Since  the 
Bureau  has  made  no  study  of  these  reactions, 
it  will  be  understood  that  this  discussion 
represents  only  the  generally  accepted  con- 
clusions. 

The  relation  of  the  principal  parts  of  the 
cell  to  one  another  may  be  indicated  as  fol- 
lows:     Zinc    metal    as    anode;    solution    of 


ammonium  chloride;  mixture  of  carbon  and 
manganese  dioxide  as  cathode. 

The  zinc  in  contact  with  the  solution  of 
ammonium  chloride  becomes  negatively  charged 
because  of  the  departure  of  positive  zinc  ions 
Z«++  from  its  surface.  As  zinc  dissolves  in  the 
solution,  zinc  ions,  ammonia  and  hydrogen  ions 
are  produced,  according  to  the  ionic  equations : 
Z«-f2e— ^Zw++ 

The  carbon-manganese  dioxide  electrode  in 
contact  with  the  solution  of  ammonium 
chloride  becomes  positively  charged.  This 
fact  ma}-  be  explained  in  at  least  two  ways. 


Standard     Sizes  of  Dry  Cells  Referred  to  in  Tables  III  and  IV 
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Ari'onlin.i;    hi    llir    I'lrsl     lln'ory,    hydniKi'" 
ions  (// '  )  arc  (lis(,'liarj;c(l  al  llu'  surfat'i'  i>f  llii' 
coinpusiii'  rk'Otrodc  and  ivndiT  il  jxisitixT; 
2//+-^/7..  +  2<D. 

'I'lu'  manj^anesc  dioxide  rajiidly  oxidizes 
the  lu'dro^cn  which  would  otherwise  accumu- 
late on  the  surface  of  the  electrode  and  polarize 
the  cell.  The  manpjanese  dioxide  (A/«0;)  is 
thereby  reduced  to  a  lower  state  of  oxidation, 
probalily  (MhoO.i)  : 

'  2MnO.  +  //j  =  M>hC  )3  +  H.,0. 

Accordinjj  to  the  second  theory,  the  man- 
ganese dioxide  gives  tctravalent  ions  (.1/;/+++"*") , 
which  are  reduced  during  the  action  of  the 
cell  to  ions  of  a  lower  valency  and  thereby 
furnish  positive  charges  to  the  electrode: 

Aside  from  any  theory,  the  fact  remains 
that  the  manganese  dioxide  diminishes  the 
polarization  of  the  cell,  and  is  at  the  same 
time  reduced  to  a  lower  state  of  oxidation. 
If  the  positively  charged  electrode  (carbon- 
manganese  dioxide)  is  connected  with  the 
negatively  charged  electrode  (zinc)  by  a  wire, 
a  current  will  flow  through  the  ^\'ire  from  the 
carbon  to  the  zinc.  Within  the  cell  the  cur- 
rent will  flow  from  the  zinc  through  the  elec- 
trolyte to  the  carbon-manganese  dioxide. 

2.     Materials  of  Construction 

Ordinarily,  the  zinc  serves  as  the  container 
for  the  cell.  The  electrolyte  consists  of  a 
water  solution  of  ammonium  chloride  (sal 
ammoniac),  zinc  chloride  and  other  com- 
pounds characteristic  of  different  types  of 
cells.  It  is  held  partly  in  an  absorbent 
material  that  lines  the  zinc  container  and 
partly  in  the  mixture  of  ground  carbon  and 
manganese  dioxide.  The  latter  is  bulky  and 
occupies  most  of  the  interior  of  the  cell. 
Sometimes  the  electrolyte  is  made  into  a 
jelly  with  such  colloidal  material  as  gum 
tragacanth,  agar-agar,  gelatin,  flour,  or  starch. 
The  electrolyte  is  therefore  unspillable,  whether 
the  cell  is  completeh'  sealed  over  the  top,  as 
is  most  common  in  American  practice,  or  is 
provided  with  a  vent  for  the  escape  of  gas, 
as  is  common  in  European  practice. 

Between  the  zinc  and  the  depolarizing 
mixture  there  must  be  a  lining  or  partition 
which  will  permit  electrohi;ic,  but  not 
metallic,  conduction.  The  latter  would  be 
an  internal  short  circuit.  The  different  kinds 
of  linings  will  be  described  later. 

When  the  cell  is  new  the  surface  of  the 
composite    carbon-manganese    dioxide    elec- 


trode may  be  considered  to  be  the  outside 
surface  of  this  mixture  next  to  the  zinc,  but 
as  the  cell  is  discharged  the  manfjanesc 
<lioxide  is  reduced  and  the  efTective  surface 
of  the  electrode  travels  toward  the  carbon 
rod  which  is  in  the  center  axially  with  the 
cell.  This  carbon  rod  c^ily  serves  to  conduct 
the  current  out  of  the  mixture  to  the  terminal. 

(a)  Zinc. — The  zinc  used  in  the  dry  cells 
is  rolled  into  sheets  and  cut  to  size  before  it  is 
obtained  by  the  dry-cell  manufacturer  in 
most  cases.  The  thickness  of  the  zinc  is 
cxjjressed  by  certain  gauge  numbers,  each 
differing  successively  by  O.OOo  of  a  centi- 
meter (().()()2  of  an  inch);  that  is,  No.  '.)  gauge 
is  ().()4.')  of  a  centimeter  (0.018  of  an  inch) 
thick.  Above  No.  10  gauge  the  successive 
thicknesses  differ  by  twice  this  amount;  that 
is.  No.  12  gauge  is  ().()2.S  in.  in  thickness.  The 
thickness  of  the  zinc  generallv  used  for  large 
dry  cells  is  from  0.(n.")  to  0.050  cm.  (0.014  to 
0.020  in.).  For  cells  intended  for  long  life 
the  thicker  zinc  sheathing  is  used.  Cells 
intended  for  heavy  service  are  often  made 
with  thinner  zinc  than  those  for  light  service. 
In  some  cells  thinner  zinc  is  used,  and  some- 
times the  bottom  of  the  cell  is  made  of  tin 
plate.  For  flashlight  cells  Nos.  5  and  (i  gauge 
zinc  is  commonly  used. 

For  electrochemical  reasons  zinc  of  a  high 
degree  of  purity  is  desirable,  but  it  is  probably 
of  equal  importance  that  the  metal  have  good 
mechanical  properties,  z.f.,  high  tensilestrength 
and  elongation.  The  sheet  metal  must  be 
stiff  enough  to  withstand  the  strain  of  the  pro- 
cesses of  manufacture,  as  well  as  those  of  ordi- 
nary usage.  The  carbon-manganese  dioxide 
mixture  is  tamped  into  the  can  by  machinery- 
under  conditions  which  may  cause  defor- 
mation or  even  splitting  of  a  can  of  soft  zinc. 
Zinc  of  a  high  degree  of  purity  is  frequently 
soft.  Under  ordinary  usage  the  zinc  con- 
tainer may  occasionally  burst  during  the  dis- 
charge of  the  cell.  Undoubtedly  some  of 
such  failures  of  the  zinc  are  due  to  local 
corrosion  of  the  metal  at  certain  points. 
This  is  sometimes  caused  at  the  lap  in  the 
paper  lining. 

It  would  be  desirable  to  have  the  zinc 
anode  corrode  uniformly  and  only  in  amount 
equivalent  to  the  electric  current  furnished 
to  the  external  circuit;  that  is,  1.219  g  per 
ampere-hour.  In  reality,  however,  the  amount 
of  zinc  consumed  exceeds  this  figure,  because 
some  zinc  dissolves  without  producing  cur- 
rent in  the  external  circuit.  Local  corrosion 
of  the  zinc  is  caused  by  unevenness  in  the 
distribution  of  the  electrolvte  or  in  the  fitting 
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of  the  lining  of  the  cell.  This  excessive  cor- 
rosion or  local  action  at  certain  points  may 
also  be  due  to  impurities  in  the  metal  or 
inequalities  in  the  structure  of  the  metal, 
which  produce  differences  of  potential.  These 
local  differences  of  potential  give  rise  to 
galvanic  couples,  and  current  flows  from  the 
zinc  to  the  impurity.  As  this  takes  place  the 
zinc  is  slowly  dissolved,  although  no  useful 
current  is  delivered  by  the  cell.  The  effect 
of  metallic  particles  on  the  surface  of  the 
zinc  is  somewhat  mitigated  by  several  factors. 
One  of  these  is  the  so-called  over-voltage  for 
hydrogen  discharge  on  some  metals,  another 
is  the  polarization  of  the  local  circuit,  and  a 
third  is  the  formation  of  insoluble  products 
which  incrust  the  surface.  When  local  action 
is  due  to  internal  short-circuiting  of  the  cell, 
the  deterioration  is  very  rapid.  This  may 
occur  when  the  paper  lining  is  torn  or  when 
certain  impurities  which  were  in  solution  in 
the  electroh-te  are  precipitated  in  the  lining 
of  the  cell.  Very  small  amounts  of  copper 
may  cause  this  effect. 

Amalgamation  of  the  zinc  has  been  resorted 
to  by  some  manufacturers  for  reducing  local 
action,  but  this  is  more  common  in  the 
European  than  in  the  American  cells.  Amal- 
gamation may  weaken  the  zinc  mechanically 
and  render  it  brittle. 

In  some  cases,  variations  in  resistance  of 
the  mix  may  cause  an  unequal  distribution 
of  current  over  the  anode  surface,  and  thereby 
produce  excessive  corrosion  of  the  zinc  at 
different  points. 

(6)  Carbon-manganese  Dioxide  Mixture. — 
This  mixture  composes  the  cathode  of  the 
cell,  in  which  the  carbon  serves  as  conductor 
and  manganese  dioxide  as  depolarizer.  The 
carbon  rod  may  be  considered  as  a  collector 
of  current  from  the  carbon-manganese  dioxide 
mixture.  While  some  rods  are  fluted  or 
corrugated  and  thereby  have  a  larger  surface 
than  the  cylindrical  fonn,  their  greatest 
advantage  is  probably  that  they  are  less  apt 
to  become  loose.  A  carbon  rod  of  low  resis- 
tivity is  necessary,  as  an  increase  in  the 
resistance  of  one  or  two  thousandths  of  an 
ohm  will  appreciably  decrease  the  short- 
circuit  current  of  the  battery. 

The  electrical  resistivity  of  the  manganese 
dioxide  is  so  high,  as  compared  with  that  of 
the  carbon  used,  that  it  may  be  considered 
a  non-conductor.  The  granulated  carbon 
is  therefore  added  to  increase  the  conduc- 
tivity of  the  mixture.  Since  in  a  given  volume 
of  mixture  an  increase  in  the  proportion  of 
carbon  used  means  a  corresponding  decrease 


in  the  amount  of  manganese  dioxide  possible 
and  therefore  a  shorter  life  of  the  cell  it  is 
highly  desirable  that  the  carbon  have  a  low 
resistivity.  The  resistivity  of  the  carbon 
depends  upon  its  source,  its  heat  treatment, 
and  size  of  granules.  It  has  been  shown  that 
a  variation  up  to  several  hundred  per  cent  in 
resistivity  can  be  made  by  changing  only  the 
size  of  the  carbon  grains.  Graphite,  which 
has  a  lower  resistivity  than  carbon,  has  some- 
times been  added  to  the  mixture.  For  this 
purpose  both  natural  and  artificial  graphite 
have  been  used.  The  latter  is  generally  used 
and  is  preferred  by  most  manufacturers. 

As  previously  mentioned,  the  manganese 
dioxide  diminishes  the  polarization  of  the 
cell  and  is  reduced,  during  discharge  of  the 
cell,  to  a  lower  state  of  oxidation.  The  man- 
ganese dioxide  used  in  dry  cells  is  usually  a 
refined  ore.  The  efficiency  of  such  an  ore 
depends  upon  the  percentage  content  of 
MnOi  and  possibly  its  state  of  hydration  also. 

Up  to  the  beginning  of  the  present  war  in 
1914  most  of  the  high-grade  ore  was  imported 
from  Russia  and  contained  on  the  average 
about  85  per  cent  MnO^.  Since  the  inter- 
ruption of  this  source,  the  principal  importa- 
tions have  come  from  Brazil,  Cuba,  India  and 
Japan.  The  domestic  sources  are  at  present 
small.  It  appears  that  the  greater  portion 
of  present  imports  is  from  Brazil,  as  indicated 
in  the  following  table  taken  from  the  United 
States  Geological  Survey  Bulletin  666-C: 

TABLE  II 

IMPORTS,  IN  LONG  TONS,  OF 

MANGANESE  ORE 


Year 

Russia 

India 

Brazil 

1913 

124,337 
52,681 

141,587 

70.200 

1914                         

103,583     113,924 
36,450    268,786 

1915    

1916 

51,960     471.837 

This  table,  however,  represents  the  total 
imports  of  manganese  ore,  of  which  the  amount 
used  for  dry  cells  is  relatively  a  small  part. 

Ordinarily,  specifications  for  manganese 
dioxide  call  for  85  per  cent  MnOi,  and  less 
than  one  per  cent  iron.  Since  the  Russian 
supply  was  interrupted,  manufacturers  have 
been  compelled  to  use  material  containing  a 
lower  percentage  of  MnOt  and  much  larger 
percentages  of  iron.  Iron  is  usually  con- 
sidered detrimental  to  the  cell,  but  there  is  a 
wide  variation  in  opinion  as  to  the  amount 
which  is  permissible.     The  effect  of  copper 
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in  sululion  in  anmunls  of  only  a  few  hun- 
ilicdlhs.  oi  one  per  cent  is  generally  conceded 
to  be  fatal  to  the  cell. 

For  small  cells,  artificially  i)ropared  man- 
ganese dioxide  of  a  liij^h  deforce  of  purity  is 
used  to  a  larj^e  extent  and  it  is  sometimes 
mixed  with  the  natural  ore  for  the  larger 
cells. 

The  physical  qualities  of  lineness  and 
jiorosity  are  of  great  importance.  In  general 
it  appears  that  an  increase  in  size  of  the  grains 
up  to  a  certain  limit  reduces  the  internal 
resistance  of  the  mixture  of  carbon  and  man- 
ganese dioxide,  while  a  decrease  in  size  of  the 


Fig.  1.     Section  of  Paper-lined  Cell 

grains  increases  the  depolarizing  power  per 
unit  weight  of  MnOo-  Since  the  depolarizing 
power  depends  upon  the  surface  area  of  the 
manganese  dioxide,  a  high  degree  of  porosity 
is  desirable. 

(c)  The  Electrolyte. — The  electrolyte  of 
the  dry  cell  consists  of  a  solution  of  ammo- 
nium chloride  {XHiCl)  to  which  zinc  chloride 
(ZnCk)  is  added  to  reduce  the  corrosion  of 
the  zinc  by  the  ammonium  salt  when  the  cell 
is  not  in  action.  Information  regarding  the 
degree  of  purity  of  the.se  materials  is  not 
available.  In  general  it  is  desirable  that  they 
be  free  from  metals,  viz.,  copper,  lead,  iron, 
arsenic,  nickel,  cobalt  and  antimony,  which 
may  cause  local  corrosion  of  zinc  and  free 
from  negative  radicals,  viz.,  sulphates,  which 


foiiii  compounds  less  soluble  than  the    chlo- 
rides. 

((/)  Itisulation. — The  electrodes  are  insu- 
lated from  each  other  at  the  top  of  the  cell 
by  a  layer  of  sealing  compound,  which  is 
usuall}'  a  rosin  sealing  wax  or  a  bituminous 
pitch.  In  either  case  a  filler  is  generally 
added,  but  the  nature  of  this  filler  is  kept 
secret  by  most  of  the  manufacturers.  The 
sealing  compound  should  make  good  mechan- 
ical contact  with  the  zinc  can  and  the  carbon 
r(jd,  but  it  is  not  desirable  to  seal  the  cell 
hermetically,  as  gases  must  escape  during 
the  operation   of  the   cell.      Other   desirable 


Fig.  2.     Section  of  Bag-type  Cell 

qualities  in  the  sealing  compound  are  free- 
dom from  flowing  in  hot  weather  and  excessive 
brittleness  in  cold  weather. 

Insulation  of  the  zinc  cans  is  usually  pro- 
vided by  a  cardboard  tube  or  jacket  which 
in  the  case  of  the  ordinan,'  cells,  is  called  a 
carton.  The  carton  ordinarily  fits  the  cell 
rather  loosely  so  that  it  is  possible  to  remove 
the  cell  from  it.  In  the  case  of  most  cells  of 
foreign  manufacture,  and  some  of  those  made 
in  this  country,  the  carton  is  of  waterproof 
material  and  is  an  integral  part  of  the  cell. 
This  permits  the  more  economical  use  of  the 
zinc,  since  leakage  of  the  cell  is  prevented  at 
those  points  where  the  zinc  becomes  eaten 
through.  The  zinc  may  be  ver\-  nearh-  con- 
sumed without  the  cell  becoming  useless. 
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3.     Methods  of  Construction 

(a)  Paper-lined  Cells. — The  most  familiar 
method  of  construction  for  the  larger  cells 
in  this  country  is  the  so-called  paper-lined 
method.  Before  the  cell  is  filled  with  the 
depolarizing  mixture,  a  Hning  of  pulpboard 
usually  consisting  of  sulphite  fiber  and  ground 
wood  is  placed  in  the  cell.  This  serves  a 
double  purpose.  It  is  an  absorbent  for  the 
electrolyte  and  it  serves  to  separate  the  man- 
ganese-dioxide mixture  from  the  zinc.  After 
the  manganese-dioxide  mixture  has  been 
tamped  into  the  cell  arotmd  the  carbon  rod, 
the  pulpboard  Hning  is  folded  down  over  the 
top  of  it.  Pulpboard  is  also  put  in  the  bottom 
of  the  cell,  and  sometimes  a  disk  of  non- 
absorbent  pasteboard  is  added  to  protect 
the  bottom  of  the  cell  from  chemical  action. 
Sometimes  blotting  paper  and  strawboard 
are  used  in  lower-grade  cells. 

This  method  of  construction,  which  is  so 
common  in  America,  is  rarely  found  in  cells 
of  European  manufacture.  It  has  the  advan- 
tage of  cheapness  in  construction,  since  it 
requires  less  handwork,  but  it  is  generally 
recognized  that  the  service  capacity  of  these 
cells  is  not  equal  to  that  of  the  cells  with 
bag-type  construction  (see  below)  when  com- 
paring cells  of  the  same  size  and  shape. 

The  section  of  a  typical  cell  of  the  paper- 
lined  type  is  shown  in  Fig.  1 . 

(6)  Bag-type  Cells. — These  are  so  called 
from  the  fact  that  the  manganese-dioxide 
mixture  is  contained  in  a  cloth  bag  (English 
call  it  a  sack),  as  shown  in  Fig.  2.  The  carbon 
rod  with  its  surrounding  mixture  is  wrapped 
in  muslin  and  tied  with  string,  forming  a 
unit  which  can  be  placed  in  the  zinc  can, 
leaving  sufficient  space  between  the  two  for 
the  electrolyte  in  the  fonn  of  a  paste.  Spacers 
to  separate  the  bag  from  the  zinc  can  are 
desirable,  but  are  not  always  used.  These  are 
commonly  rubber  bands  in  the  small  cells  such 
as  are  used  for  flashlight  batteries,  or  Manila 
cord,  which  is  of  considerable  size  in  some  of 
the  foreign  makes  of  cells.  The  solution  of  sal 
ammoniac  and  zinc  chloride  is  thickened  with 
flour  or  other  similar  materials,  and  may  also 
contain  other  ingredients  differing  with  manu- 
facturers and  kept  secret  by  them. 

This  form  of  construction,  which  is  rarely 
used  in  the  larger  cells  made  in  this  countrj^ 
except  those  of  square  cross  section,  is  almost 
universally  used  in  making  the  small  flashlight 
batteries.  This  may  be  due  to  several  reasons. 
This  method  tends  to  increase  the  life  of  the 
small  cells,  which  is  shorter  than  for  the  larger 
sizes  even  when  standing  on  open  circuit,  and 


some  of  these  cells  are  so  small  that  most  of 
the  operations  can  be  more  readily  done  by 
hand  than  by  machinery. 

The  bag-type  cell  is  commonly  made  in 
Europe  in  the  large  sizes  and  has  good  lasting 
qualities.  Two  reasons  which  may  partly 
account  for  this  are  (1)  the  relative  cheap- 
ness of  labor  and  (2)  the  fact  that  the 
practice  of  judging  a  cell  by  the  magnitude 
of  its  short-circuit  current,  which  is  so  com- 
monly done  in  this  country,  is  almost  un- 
known in  Europe.  The  bag-type  cell  as  made 
in  Europe  does  not  give  as  large  a  short- 
circuit  current  as  the  paper-lined  cell  of 
equal  size  made  in  this  country.  Hence,  to 
the  average  purchaser  who  thinks  he  is 
getting  the  most  for  his  money  from  the  cell 
that  shows  the  largest  short-circuit  current, 
the  European  bag-type  cell  would  be  at  a 
disadvantage.  The  value  of  this  short- 
circuit  test  and  also  the  fallacy  that  it  may 
involve  will  be  discussed  under  Section  V. 

(c)  Cells  Without  Paper  Lining  or  Bag. — 
These  cells  are  found  on  the  European  market , 
but  not  in  this  country.  A  paste  containing 
the  electrolyte  with  considerable  plaster  of 
Paris  or  cement  is  forced  into  the  zinc  can 
by  a  plunger  to  form  a  thick  lining  to  the 
can.  It  is  then  cooked  until  the  mass  has 
become  nearly  solid,  when  the  plunger  is 
withdrawn.  The  manganese-dioxide  mixture 
is  tamped  into  the  cell. 

{d)  Desiccated  Cells. — These  cells  are  man- 
ufactured dry  and  require  the  addition  of 
water  before  they  are  ready  for  use.  Some 
of  them  are  mamifactured  as  paper-lined  cells 
and  others  are  of  the  bag  type.  Each  cell  is 
provided  with  an  opening  in  the  seal  or  center 
of  the  carbon  rod  through  which  the  water 
necessary  to  make  the  cell  active  may  be 
introduced.  Some  of  them  are  also  provided 
with  a  vent.  Only  two  kinds  of  these  cells 
are  well  known  in  this  country,  but  others 
are  now  being  developed.  One  of  these, 
called  a  "reserve"  cell,  closely  resembles  an 
ordinary  dry  cell.  The  other,  called  the  "add 
water,"  more  nearly  resembles  some  of  the 
European  types  of  cells.  The  latter  is  of 
bag-type  construction  with  an  inner  zinc  for 
the  electrode.  When  in  use  it  contains  rather 
more  electrolyte  than  the  ordinary  dry  cell. 
Both  of  these  designations  are  trade  names 
and,  for  this  reason,  the  Bureau  has  chosen, 
as  a  general  designation  for  this  type  of  cell, 
the  English  designation  "desiccated  cell." 
There  are  a  considerable  number  of  dift'erent 
brands  of  desiccated  cells  of  European  manu 
facture. 
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III.      SIZES  AND   KINDS  OF   DRY  CELLS 

TIk'  ilr>-  cells  luamilactiirfd  in  ilir  L'liiU'il 
Stales  fall  naturally  into  llio  iDllowinf,'  Ki^''i<.'ral 
classes,  wliii'h  are  distinj^uislied  from  each 
other  by  the  size  and  construction  of  the  cells; 
Larfje-sizc  cells  containing,'  the  aljsorhent 
])ai)er  linin}^,  small  cells  of  the  l)aj,'-l\'])e  con- 
struction used  [jrincipalh'  for  ll;islilit,'lus. 
desiccated  cells  to  which  water  must  he  added 
and  silver-chloride  cells.  These  will  he  de- 
scribed in  the  paj^cs  that  follow. 

1.     Large  Cells  with  Absorbent  Paper  Lining 

This  class  is  typified  by  the  familiar  dry 
cell  about  lo  cm.  (tt  in.)  high  by  (1.5  cm.  (2.5 
in.)  in  diameter.  It  includes,  however,  other 
sizes  which  are  given  in  Table  III.  The  sizes 
of  these  cells  are  often  designated  by  numbers 
which  express  the  height  of  the  zinc  can  in 
inches,  but  this  is  not  universally  done  by 
the  various  manufacturers. 

This  method  of  designating  the  sizes  will 
be  used  because  it  is  convenient  and  expresses 


niailc  into  a  can  for  the  cell  the  diameter  is 
frequeiitlv  s(jmewhat  less  than  the  ().5  cm. 
{2,'i  in.).' 

These  batteries  are  usually  the  so-called 
round  form;  that  is,  they  are  cylindrical  in 
shape.  This  form  is  the  easiest  to  manu- 
facture and  is  the  most  efficient  ff>r  this  tyjie 
r)f  construction.  However,  some  manu- 
facturers make  the  so-called  square  form; 
that  is,  cells  with  rectangular  or  square  cross 
section.  When  made  by  the  same  process 
of  manufacture,  these  square  cells  are  usually 
not  equal  in  .service  capacity  to  the  round 
cells  of  the  corresi)onding  size.  To  obviate 
this  dilliculty  as  well  as  some  technical  points 
of  their  manufacture,  these  square  cells  are 
frequently  made  of  the  bag-type  construction, 
in  which  case  their  electrical-service  capacity 
is  equal  to  that  of  the  round  cells  of  the  same 
size,  i)articularly  on  light  service.  It  is  not 
possible  to  tell  from  the  outside  of  the  cell 
whether  it  is  of  the  bag-type  construction. 
Most  American  manufacturers  prefer  to  make 


TABLE   III 
SIZES  OF   DRY   CELLS*    (CYLINDRICAL   FORM) 


in  Centi-      in  Centi-  •  :„"JS*^., 
__. _„. 'n  Orams 


4 

5 

6 

7 

8 

*Standard  sizes  are  the  Nos.  4.  6  and  8. 

an  important  dimension  of  the  cells,  so  that 
when  a  No.  6  cell  is  mentioned  a  definite 
impression  of  the  size  of  the  cell  is  conveyed. 
Of  these  five  sizes  the  No.  6  is  by  far  the 
most  common  and  is  made  by  all  manu- 
facturers, except  a  few  who  make  flashlight 
batteries  exclusively.  Next  to  the  No.  (3,  the 
No.  8  is  the  most  common  of  the  remaining 
sizes.  The  third  size  is  the  No.  4,  leaving 
the  No.  5  and  No.  7  as  unusual  sizes  which 
can  not  generally  be  obtained,  except  when 
specially  ordered.  The  dimensions  given  in 
the  table  are  the  dimensions  of  the  zinc  cans. 
The  terminals  will  add  to  the  height  about 
1.5  cm.  (5^  in.),  if  of  the  flush-top  type,  and 
2.5  cm.  (1  in.)  for  the  protruding  carbon  type. 
The  diameters  are  for  the  bare  cells  without 
the  carton;  however,  some  of  them  run  a 
little  under  size,  according  to  the  lapping  of 
the  seam  when  the  can  is  made.  Thus  the 
No.  ()  cell  is  made  from  a  sheet  of  zinc  that 
is  cut    15  by  20  cm.   (G  by  S  in.),  but  when 


2 

2M 

3 

3}^ 


2 


4 

5 

6.5 

7.5 

9 


10 

12.5 

15 

18 

20 


240 

540 

900 

1600 

2500 


the  round  form  of  cell.  The  round  form  of 
cell  is  preferable  in  the  paper-lined  con- 
struction, because  the  zinc  is  free  from  sharp 
angles  and  the  corrosion  of  the  zinc  is  more 
uniform.  There  is  also  less  opportunity  for 
the  mix  to  become  loose  in  the  round  cells 
and  thereby  lower  the  flash  point.  In  general, 
the  square  cell  will  fit  into  the  space  occupied 
by  the  corresponding  size  of  round  cell.  The 
square  cells  are  not  a  regular  product,  but 
can  be  made  in  almost  any  desired  size. 

Cells  of  these  sizes  may  be  subdivided 
according  to  the  class  of  service  for  which 
they  are  intended.  They  include  cells  for 
ignition  and  heavy  service,  intermediate  cells 
for  general  purposes,  and  telephone  or  light- 
service  cells.  These  cells  are  also  put  up  in 
the  form  of  batteries  which  are  generally 
spoken  of  as  multiple  and  series  batteries. 
The  particular  characteristics  of  these  cells 
will  be  described  below.  Fundamentally, 
they  are  all  of  the  same  type  of  construction, 
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but  they  embody  features  which  make  them 
peculiarly  suited  to  the  class  of  service  for 
which  they  are  intended.  There  is  no  reason 
why  an  ignition  cell  can  not  be  used  for 
telephone  service,  or  vice  versa,  but  to  do  so 
will  not  yield  the  maximum  economical 
service  of  which  the  cell  is  capable,  assuming 
that  the  cells  are  of  equally  good  manu- 
facture. Information  has  been  furnished  the 
Bureau  which  shows  this  to  be  true.  Com- 
parative tests  were  made  of  two  brands  of 
cells  which  may  be  designated  as  "ignition" 
and  "telephone,"  both  made  by  the  same 
manufacturer.  The  ignition  cell  gave  over 
20  per  cent  more  service  than  the  telephone 
ceU  on  the  ignition  test  (see  p.  102S),  but 
the  telephone  cell  gave  nearly  20  per  cent 
more  service  than  the  ignition  cell  on  the 
telephone  test. 

(a)  Ignition  and  Heavy-service  Cells. — 
These  cells  are  designed  for  use  in  the  ignition 
of  internal-combustion  engines,  lighting  and 
other  service  requiring  considerable  current. 
The  open-circuit  voltage  is  approximately 
1.5  volts.  The  current  on  short  circuit,  when 
the  cells  are  new,  is  about  30  amperes  on  the 
average,  but  rarely  less  than  25  amperes  as  a 
minimum.  They  are  intended  for  service 
that  will  exhaust  them  within  a  comparatively 
short  time  and  are  constructed  to  give  the 
maximum  current.  The  deterioration  is  more 
rapid  than  that  of  the  telephone  or  light- 
service  cells,  when  standing  on  open  circuit. 
Sometimes  they  are  made  -^^nth  a  thinner- 
gauge  zinc  than  the  telephone  cell. 

(6)  Intermediate  Cells. — These  cells  have 
some  of  the  characteristics  of  the  ignition 
cells,  on  the  one  hand,  and  of  the  telephone 
cells  on  the  other.  They  may  be  used  either 
for  ignition  or  telephone  service.  For  general 
purposes  they  are  convenient,  having  almost 
as  low  a  resistance  as  the  ignition  cells  and 
some  of  the  lasting  qualities  of  the  telephone 
cell.  The  short-circuit  current  of  these  cells 
is  slightly  lower  than  for  the  ignition  cells, 
the  average  being  about  25  amperes,  with  the 
minimum  about  20  amperes  when  the  cells 
are  new. 

(c)  Telephone  Cells. — These  cells  are  com- 
monly called  telephone  or  open-circuit  cells. 
They  are  intended  for  Hght  intermittent 
service,  such  as  telephone,  bell  ringing  and 
similar  work.  They  will  outlast  the  two 
classes  of  cells  mentioned  above  when  the 
use  to  which  they  are  put  does  not  exhaust 
them.  The  open-circuit  voltage  is  the  same 
as  for  the  ignition  cells,  but  the  current  on 
short  circuit  is  considerably  less,  being  slightly 


over  20  amperes  on  the  average,  with  a  min- 
imum of  about  16  amperes.  It  is  not  always 
possible  for  the  ordinary  purchaser  to  dis- 
tinguish between  the  intermediate  and  the 
telephone  cells,  since  the  former  are  often 
labeled  telephone  and  open-circuit  cells, 
unless  he  is  familiar  with  the  names  of  the 
various  brands.  Cells  of  this  class  are  usually 
manufactured  in  the  smaller  sizes;  that  is, 
Nos.  4,  5  and  6. 

(d)  Multiple  and  Series  Batteries. — When 
two  or  more  individual  cells  are  combined  to 
fonn  a  unit,  it  is  called  a  battery.  Batteries 
are  made  by  several  manufacturers  and  con- 
tain various  combinations  of  cells  connected 
together  by  soldered  connectors.  These  are 
usually  intended  for  some  special  class  of 
service,  as,  for  example,  motor-boat  ignition, 
and  it  is  possible  to  buy  these  batteries  in- 
closed in  waterproof  boxes,  sometimes  of 
metal,  for  the  various  standard  ignition 
systems.  The  advantages  to  be  derived  from 
these  batteries  are  numerous.  They  are 
water-proof;  they  require  a  minimum  of 
time  and  trouble  to  put  in  service;  they  are 
free  from  the  possibility  of  loose  connections 
between  the  cells,  impairing  the  service;  and 
they  represent  the  most  efficient  and  econom- 
ical grouping  of  cells  for  the  purpose  for  which 
they  are  intended.  They  are  sometimes 
designated  by  type  numbers  which  indicate 
the  brand  of  cell,  the  number  of  cells  in  series, 
the  number  of  rows  in  parallel  and  the  size 
of  the  individual  cells.  Such  designations, 
however,  are  not  universal  in  use  or  inter- 
pretation. Similar  small  batteries,  not  water- 
proofed, are  also  available  for  bell  ringing,  etc. 

2.     Flashlight  and  Miniature  Batteries 

These  cells  are  commonly  of  the  bag-type 
construction,  and  are  usually  combined  into 
batteries  for  flashhghts,  ear  phones  and 
similar  uses.  The  individual  cells  are  of  15 
or  more  sizes,  differing  sometimes  by  only 
trifling  variations  in  the  dimensions.  This 
may  have  been  due  to  the  various  sizes  of 
flashlights  put  on  the  market  some  time  ago. 
but  certain  sizes  are  becoming  more  com 
mon,  so  that  now  we  may  regard  these  as 
standard. 

These  cells  are  combined  into  batteries 
of  various  forms  and  sizes,  for  which  certain 
diagrammatic  figures  have  been  generally 
adopted.  No  designation  of  size  can  be  given, 
since  each  manufacturer  has  his  own  system 
of  numbering  them.  For  this  reason  it  is 
often  confusing  in  comparing  cells  of  differ- 
ent makes.     (See  Table  IV.) 
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The  small  crlls  aiv  subject  to  more  rapid 
deterioraliou  lluin  the  lartjer  sizes  when 
standing  on  open  circuit.  Manufacturers 
usually  date  the  cells  either  the  day  of  manu- 
facture or  the  expiration  of  the  guaranty 
period.  This  date  is  often  in  code.  The 
guarantees  arc  seldom  dcthiite,  but  in  view 
of  the  delcrioralion  of  the  cells  and  the  use  or 
abuse  to  which  they  may  be  subjected,  these 
guarantees,  when  not  based  on  the  open- 
circuit  voltage,  are  perhaps  as  definite  as  they 
can  be  made. 

3.     Desiccated  Cells 

The  object  of  these  cells  is  to  overcome  the 
deterioration  which  is  common  to  all  dry  cells 
when  standing  idle.  Desiccated  cells  do  not 
deteriorate  so  long  as  they  remain  dry.  Their 
perfonnance  varies  considerably  with  the 
method  of  construction.  Those  that  most 
closely  resemble  the  ordinary  dry  cell  do  not, 
in  general,  give  as  much  service  as  the  corre- 


sponding sizes  of  dry  cell.  (Hhcrs  of  the  bag- 
type  construction  and  willi  double  zinc  wall 
and  large  amount  of  electrolyte  will  give 
considerably  more.  Some  of  these  desiccated 
cells  can  be  used  as  ordinary  dr>'  cells,  but 
others  with  excess  electrolyte  and  a  venthole 
are  for  use  normally  in  an  upright  position. 
They  may  be  easily  handled,  however,  or 
even  inverted  momentarily  without  spilHng 
the  liquid.     (Table  VI.) 

It  is  necessary-  to  fill  these  cells  with  water 
several  hours  before  use,  and  24  hours  may 
be  necessary  before  the  cell  will  give  its  maxi- 
mum current  on  short  circuit 

The  open-circuit  voltage  of  these  cells  is 
1.5  volts  and  the  short-circuit  current  may 
be  20  amperes  or  more  in  some  cases,  but  it  is 
usually  lower. 

4.     Semi-dry  Cells 

A  number  of  cells  have  been  put  on  the 
market  in  the  past  which  were  called  semi-dr\', 


TABLE   IV 
SIZES  OF  FLASHLIGHT   CELLS* 


Diameter  |  Height  ■ar^.A* 
inCenti-  in  C^ti-  .height 
meters  meters 


1... 
2... 
3t.. 
4... 
5t. 
6.. 
7t.. 
8.. 
9t. 
10. 
lit 
12t 
13. 
14. 
15. 


1 

1 

IM 

IH 

114 

IM 

1J4 


lA 
iVb 
iVs 
W% 

2ys 
m 

2M 
2Ji 
3V2 
2H 
2% 

4 
2H 


3 
3^ 


1.4 
1.4 
1.6 
1.9 
1.9 
2.4 
2.4 
2.4 


3.2 
3.2 
3.2 
3.2 
3.8 


4.0  I       14 

4.8  14 

4.8  21 

3.5       

5.4  35 

3.8       

4.5  38 

5.7       

7.3       

8.9       

5.7  85 

7.3  100 

8.9       

10.0       

7.0       


♦This  table  contains  only  the  principal  sizes  of  flashlight  cells,  but  other  sizes  differ  from  these  only  by  trifling  dimensions.  Six  of 
the  most  important  are  designated  as  standard.  In  choosing  these  standard  sizes  the  Bureau  has  been  in  consultation  with  some  of  the 
leading  manufacturers. 

tStandard  size. 


SIZES  OF   DESICCATED   CELLS 


Brand 

Shape         Di'al^etrr      :  H«^?^'     !  :7p««^* 
in  Inches           Inches     m  Pounds 

Width  or 
Diameter 
in  Centi- 
meters 

Height 
in  Centi- 
meters 

Weight 
in  Grams 

Round          IVi              4                 J^ 
do              2}^              6              2 

Oval       {    fgX    }      4                 V,^ 

Square          2H               6}  2          3 

Round          2  H              6         

do              2H              6         

4 
6.5 

5.7X3 

7 

6.5 

6.5 

10 

15 

10 

16.5 

15 

15 

185 

Do 

Do 

Addwater 

Do 

Waterlife 

908 

246 
1362 
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but  which  did  not  differ  materially  from 
ordinary  dry  cells.  There  is,  however,  one 
brand  at  present  on  the  market  which  is 
entirely  different  from  the  familiar  dry  cell. 
These  are  25  cm.  (10  in.)  high  by  12.5  cm. 
(5  in.)  in  diameter  and  weigh  4.5  kg.  (10  lb.). 
A  steel  electrode  replaces  the  ordinary  zinc 
electrode  in  these  large  cells.  The  open- 
circuit  voltage  is  9-10  and  the  short-cir- 
cuit current  is  only  4  to  6  amperes.  These 
batteries  are  intended  for  closed-circuit  work 
where  the  drain  is  not  in  excess  of  50  milli- 
amperes,  but  can  be  used  for  larger  currents 
on  intermittent  service.  They  are  used  in 
telephone  and  telegraph  work. 

5.      Silver-chloride  Cells 

These  are  small  cells  having  zinc  and  silver 
as  the  electrodes  and  are  depolarized  by  a 
mass  of  silver  chloride  around  the  silver 
electrode.  One  brand  is  6  cm.  {2^^  in.)  high 
and  2  cm.  (^  in.)  in  diameter,  completely 
sealed  at  the  top  by  plaster  of  Paris.  The 
open-circuit  voltage  is  1,  and  they  can  de- 
liver a  current  on  short  circuit  of  one  half 
ampere,  but  they  are  intended  for  use  where 
only  small  currents  are  required.  The  cells 
have  a  capacity  of  about  Ij^  ampere-hours. 
These  cells  have  good  lasting  qualities.  They 
can  also  be  made  in  smaller  sizes.  On  account 
of  the  silver  that  they  contain  they  are 
expensive,  but  have  some  salvage  value  after 
being  used.  These  cells  are  frequently  used 
in  medical  apparattis  and  some  wireless 
apparatus. 

Another  manufacturer  has  made  a  larger  . 
size  of  silver-chloride  dry  cell.  These  are 
incased  in  hard-rubber  cylinders  with  screwed- 
on  top  so  that  the  cell  may  be  opened  and 
recharged  when  necessary.  To  relieve  the 
pressure  due  to  the  forma  don  of  gas  during 
the  action  of  the  cell,  these  are  provided  with 
a  small  rubber  nipple  on  the  top  of  the  cell. 
The  cells  are  5  cm..(2in.)  in  diameter  and  10.5 
cm.  (4J'g  in.)  high,  to  which  the  terminals  and 
nipple  add  about  2  cm.  (^4  in.).  These  cells 
are  intended  for  use  in  an  upright  position, 
but  may  be  inverted  without  spilling  any 
liquid.  The  zinc  element  is  heavily  amalga- 
mated. The  open-circuit  voltage  is  about  1 
volt  per  cell,  and  the  maximum  current  which 
they  can  deliver  is  about  2.5  amperes.  When 
the  cell  has  stood  on  open  circuit  for  some 
time,  both  the  voltage  and  maximum  cur- 
rent are  lower  than  the  above  figures.  Both 
rise  after  some  current  has  been  drawn  from 
the  cell.  This  is  characteristic  of  both  kinds 
of  silver-chloride  cells. 


IV.      ELECTRICAL   CHARACTERISTICS 
OF   DRY  CELLS 

1.      Behavior  in  a  Circuit 

By  the  open-circuit  voltage  of  a  dry  cell 
is  meant  the  electromotive  force  of  the  cell 
when  it  is  not  producing  any  current.  Such 
a  measurement  can  be  made  on  a  potenti- 
ometer. If  a  resistance  is  connected  across 
the  terminals  of  a  cell,  a  current  will  flow 
through  the  circuit  from  higher  to  lower 
potentials;  that  is,  it  flows  from  the  carbon 
to  the  zinc.  The  current,  however,  does  not 
begin  with  the  carbon  and  end  with  the  zinc, 
but  flows  through  the  cell  also.  It  is  evident, 
then,  that  within  the  cell  the  current  flows 
from  the  electrode  of  lower  potential  to  the 
electrode  of  higher  potential,  being  made  to 
do  so  at  the  expense  of  the  chemical  energy 
of  the  cell. 

If  a  potentiometer  be  used  to  measure  the 
potential  difference  at  the  terminals  of  a  cell 
when  it  is  discharging  through  an  external 
circuit,  it  is  found  that  the  voltage  measured 
is  less  than  for  the  cell  on  open  circuit. 
Designating  the  open-circuit  voltage  of  the 
cell  by  E,  and  the  potential  difference  at  the 
terminals  of  the  cell  by  E'  when  a  current  I  is 
flowing  through  an  external  resistance  7?  it 
is  found  that ; 

E'  =  IR  (1) 

That  is,  Ohm's  law  is  here  applied  to  the 
portion  of  the  circuit  which  is  external  to  the 
cell.  The  difference  E  —  E',  therefore,  rep- 
resents the  voltage  drop  in  the  cell  itself. 
Since  the  current  is  the  same  in  the  cell  as  in 
the  external  circuit  Ohm's  law  shows  that : 

E-E'  =  Ib  (2) 

where  6  is  a  quantity  that  represents  the 
internal  resistance  of  the  cell  itself. 

Adding  equations  (1)  and  (2)  the  general 
expression  for  Ohm's  law  as  applied  to  the 
entire  circuit  becomes 

E  =  IR+Ib 


I- 


R  +  b 


(3) 


The  total  resistance  of  the  circuit  is  the 
sum  of  the  external  resistance  of  the  circuit 
and  the  internal  resistance  of  the  cell.  For 
the  ordinary  dry  cell,  when  fresh,  6  is  a  small 
quantity  and  may  usually  be  neglected  in 
comparison  with  R,  but  as  the  cell  is  used  up 
/)  increases  and  /  decreases.  When  the  cell 
is  no  longer  able  to  perform  its  service,   it 
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will  lir  Innnd  lluil  whik-  /•,'  has  decreased 
S(inu\vh;il,  /'  lias  iiu-reased  to  many  times  its 
initial  vahu'. 

The   maxinnini    runx'iU    wliieli    a    cell    can 
delix'er  is  In-  eiiiialinn  (.'{),  imtlinj^  /\  =1); 


(4) 


^eo 
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In  niakinj^  measurements. 
R  can  not  be  made  exact  !>■ 
zero,  since  the  shunt  and 
lead  wires  of  the  ammeter 
must  necessarily  have  some 
resistance.  This  resistance, 
however,  can  be  made  ver>- 
small.  In  standard  practice 
it  is  usually  ().t)l  ohm.  When 
R  =  0,  or  nearly  so,  the  value 
of  /  is  called  the  short-circuit 
current  of  the  cell. 

Electrical  power  is  the  rale 
of  expenditure  of  electrical 
energy  and  is  measured  in 
watts.  The  watt  is  the  power 
when  a  current  of  1  amjiere 
flows  through  a  resistance  of 
1  ohm.  Consequently  the 
number  of  volts  multiplied 
by  the  number  of  amperes 
equals  the  number  of  watts; 
or,  in  general 

IE  =  P. 


The  power  deri\'ed  from  the  cell  at  any- 
time is  therefore  the  product  of  its  electro- 
motive force  E  by  the  current  which  flows, 
/.  Part  of  the  energy  is  expended  in  the  cell 
itself  and  part  in  the  outside  circuit.  Since 
the  current  is  the  same  throughout  the  cir- 
cuit the  expressions  for  the  energy  in  the 
battery  and  outside  of  it  are  obtained  by 
multiph-ing  /  by  the  fall  in  potential  in  each 
part  of  the  circuit.    Inside  the  cell,  this  is 

(E-E')I  =  P,  (5) 

Outside  the  cell,  it  is 

E'I  =  P2  (6) 

Referring  to  equations  (1)  and  (2)  above, 
the  values  for  (E  —  E')  and  E'  in  terms  of 
current  and  resistance  are  obtained.  .Sub- 
stituting these  in  equations  (5)  and  (ti)  and 
at  the  same  time  adding  these  equations 

P  =  P,  +  P2  =  Pb+r-R  (7) 

Assuming  that  R  =  0  or  is  nearly  so,  PR 
also  equals  zero,  leaving  the  equation  for  the 
power  expended 

p  =  r-b. 


This  means  that  when  the  cell  is  delivering 
its  maximum  current  (equation  4j,  all  the 
])ower  is  exiJcnded  in  the  cell  itself  ami  is 
dissij)ated  in  the  form  of  heat.  Although  2.'> 
amperes  or  more  may  thus  be  drawn  from 
the  cell,  the  current  does  no  good  exceiJl  to 
indicate  the  condition  of  the  cell.  On  the 
other  hand,  equation  (7)  shows  that  for  any 
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Fig.  3.     Deterioration  of  Dry  Cells  on  Open  Circuit 

Curves  show  Hambuechen's  values  for  short-circuit  current 
during  i2  months  expressed  as  percentages  of  the  initial  short- 
circuit  current.  Curve  /  for  20-ampere  cells;  Curve  //  for  2.5- 
ampere  cells;  Curve  ///  for  30-ampere  cells. 


value  of  /  which  may  be  desired  the  smaller 
h  is,  the  less  power  is  wasted  in  the  cell  itself. 
For  this  reason  a  small  value  of  b  is  desirable. 
The  equation  also  shows  that  the  power 
expended  in  the  cell  increases  as  the  square 
of  the  current  flowing,  which  indicates  that 
the  importance  of  making  b  small  in  cells 
intended  for  ignition  and  heavy  duty  is 
greater  than  in  the  case  of  telephone  and 
light-service  cells.  Certain  practical  limita- 
tions enter  in  fixing  the  resistance  of  the  cells 
which  show  that  excessive  short-circuit  cur- 
rents are  not  a  desirable  feature.  This  is 
because  cells  giving  the  largest  short-circuit 
currents  often,  but  not  necessarily,  deteriorate 
the  most  rapidly,  and  are  therefore  of  service 
only  for  heavy  duty  which  will  exhaust  them 
before  their  usefulness  is  impaired  by  the 
deterioration  when  standing  on  open  cir- 
cuit. The  curves  (Fig.  3),  taken  from  a 
paper  by  Hambuechen^,  represent  the  relative 
deterioration  of  cells  of  differing  short-circuit 
currents  which  were  on  the  market  a  few 
vears  ago. 


'Trans.  Am.  Electrochem.  Soc,  21.  p.  .lOO;  1912. 
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Some  dry  cells,  which  in  the  beginning 
show  excessively  large  currents  on  short 
circuit,  may  increase  in  resistance  so  rapidly 
that  they  will  give  less  service  than  other 
cells  of  the  same  size,  but  having  smaller 
initial  currents.  The  tendency  in  this  country 
toward  cells  of  very  large  flash  currents  has 
been  partly  due  to  a  mistaken  idea  that  the 
more  current  that  can  be  drawn  from  a  cell, 
the  more  service  it  will  render.  European 
cells  generally  are  higher  in  internal  resist- 
ance than  American  cells. 

2.     Internal  Resistance  of  Dry  Cells 

From  what  has  been  said  above  about  the 
resistance  of  the  cell  itself,  it  might  be  implied 
that  6  is  a  definite  and  constant  physical 
quantity.  Such,  however,  is  not  strictly  the 
case.  The  resistance  of  a  cell  is  ordinarily 
defined  by  the  equation 

^^'  =  6  (S) 

but  it  can  easily  be  shown  that  for  various 
values  of  I  different  values  of  b  are  obtained 
apart  from  any  consideration  of  polarization 
phenomena.  By  experiment  it  is  found  that 
the  larger  values  of  b  correspond  to  the  smaller 
values  of  7,  but  that  for  the  currents  ordinarily 
required  of  a  dry  cell  the  values  of  b  are  small 
and  do  not  change  very  rapidly  with  changes 
in  I.  The  practice  of  a  few  manufacturers 
to  state  the  internal  resistance  of  their  dry 
cell  to  the  thousandth  part  of  an  ohm  is  not 
to  be  commended,  since  it  means  nothing 
more  than  the  open-circuit  voltage  divided 
by  the  short-circuit  current,  and  it  does  not 
represent  the  resistance  of  the  cell  under 
working  conditions. 

When  the  cell  is  new,  the  resistance  b  is 
ordinarily  small,  but  it  increases  with  the 
age  and  use  of  the  cell.  This  is  not  due  to  the 
drying  out  of  the  cell  by  evaporation  as  is 
often  supposed,  although  that  may  be  a 
minor  cause.  The  reactions  of  the  cell  due 
to  the  passage  of  electric  current  result  in 
the  formation  of  double  chlorides  and  basic 
chlorides,  which  probably  take  up  water  in 
their  formation  and  also  clog  the  pores  of  the 
paper  lining  or  paste,  as  well  as  incrusting 
the  surface  of  the  zinc.  In  this  way  the  avail- 
able path  for  the  flow  of  current  is  restricted 
and  the  resistance  of  the  cell  increased.  As 
the  cell  is  used,  the  MnOi  is  gradually  reduced 
and  the  surface  of  the  cathode  moves  inward 
as  explained  on  page  1013.  This  makes  the 
path  between  the  zinc  and  the  cathode  a 
longer  one,  which  also  increases  the  resistance 


of  the  cell.  The  resistance  of  the  cell  increases 
slowly  at  first,  but  later  increases  very  rapidly 
to  large  values;  in  some  cases  reaching 
hundreds  of  ohms. 

3.     Grouping  of  Cells 

For  most  purposes  dry  cells  are  used  in 
groups  or  batteries,  the  number  of  cells 
depending  on  the  service  required.  It  is 
desirable  to  arrange  the  grouping  in  such  a 
way  as  to  secure  the  most  economical  service. 
Two  factors  are  involved  in  arranging  the 
cells;  one  is  the  voltage  requirement  and  the 
other  the  current  requirement.  When  cells 
are  connected  in  series — that  is,  when  the 
positive  pole  of  one  cell  is  connected  to  the 
negative  pole  of  the  next  and  so  on  to  the 
end  of  the  row,  Fig.  4,  the  voltage  of  the 
cells  is  additive.  Two  cells  in  series  will 
give  twice  the  voltage  of  one  cell,  and  five 
cells  will  give  five  times  the  voltage  of  one, 
assuming  that  the  cells,  taken  individually, 
are  of  the  same  voltage.  If  the  voltage  of 
one  cell  is  E,  the  voltage  of  5  cells  in  series 
is  sE.  When  the  cells  are  discharging,  the 
voltage  continually  decreases.  For  this 
reason  the  number  of  cells  required  for  a 
certain  operation  can  not  be  estimated  on 
the  basis  of  1.5  volts  per  cell.  The  average 
working  voltage  of  the  dry  cells  may  perhaps 
be  taken  as  1  volt  per  cell.  If  the  voltage 
required  is  4  volts,  this  means  4  cells  in  series. 
Another  rule  that  is  sometimes  useful  when 
the  voltage  requirement  is  not  known  is  to 
connect  cells  in  series,  adding  one  at  a  time 
until  the  apparatus  can  be  made  to  operate; 
then  add  an  extra  cell  for  each  group  of  three 
or  a  fraction.  This  works  out  to  give  the 
same  result  in  the  example  just  given. 

The  rate  at  which  the  voltage  will  decrease 
when  the  cells  are  in  use  will  vary  with  the 
current  and  duration  of  the  discharge.  A 
cell  which  will  give  40  hours'  service  under 
nonnal    conditions    will    not    generally    give 


Fig.  4.     Cells  Connected  in  Series 


20  hours'  service  under  twice  the  load.  It 
may  not  give  more  than  10  hoiurs.  (See 
Table  IX.)  On  the  other  hand,  if  the  load  is 
made  very  light,  the  service  actually  rendered 
may  be  small  because  the  deterioration  of  the 
cell  becomes  an  important  factor.    As  a  guide 
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111  llu'  priipi'f  use  cil'  the  crll.  llic  iiilnniKilinii 
ohliiiiK'd  I'nim  one  of  the  niauul'iu'LuriiiK  com- 
panies is  j;ivon  in  Tabic  VI. 

The  cuiTont  ilrain  on  the  cells  can  he 
relieved  when  necessary  by  arranj^'inj;  the 
cells  in  parallel,  or  as  it  is  also  called  "mul- 
tiple." Cells  are  arranj,'ed  in  parallel  by 
connecting  the  like  ]ioles  together.  Fig.  5 
shows  cells  connected  in  parallel. 

When  more  than  three  cells  are  involved 
in  a  scries  and  parallel  connection,  there  is  a 
choice  of  arrangement.  The  cells  may  be 
arranged  in  several  rows  connected  in  series 
and  then  these  rows  connected  in  parallel 
(Fig.  6),  or  they  may  be  arranged  in  parallel 
groups  which  are  then  jnit  in  series  (Fig.  7). 

TABLE   VI 

CURRENT  DRAINS  FOR   ECONOMICAL  USE 
OF  DRY  CELLS 


Duration  of  Da 
Discharge,  in 
Hours 

ily 

Maximum  Drain  on 
Each  Row  of  Cells 

in  Series,  in 

Amperes 

16-24 

0.10 

8-16 

.15 

4-  8 

.25 

2-  4 

.50 

1-  2 

.75 

1/2-1 

1.00 

1/4-1/2 

1.50 

1/6-1/4 

2.00 

Few  moments 

10-15 

Mathematically,  the  result  is  the  same  in 
either  case.  The  voltage  of  the  battery  as 
shown  in  both  figures  is  five  times  the  voltage 
of  a  single  cell,  and  the  current  furnished  bj^ 
any  one  cell  is  only  one  third  of  the  total 
current.  The  choice  between  the  arrange- 
ments arises  from  the  fact  that  one  or  more 
of  the  cells  may  fail  before  the  others.  For 
example,  if  any  cell  in  each  diagram  should 
increase  considerablv  in  resistance,  it  w^ould 


kfi  k^  k^  k^  k^ 

Fig.  5.      Cells  Connected  in  Parallel 

practically  exclude  one  row  of  cells  of  the 
first  diagram,  Fig.  6,  from  service,  reducing 
the  battery  to  practically  two  rows.  In  the 
second  case,  Fig.  7,  the  battery  would  have 
four  groups  of  three  cells  and  one  group  of 
two  cells,   the  effect  of  the  bad  cell  being 


reduced  to  a  iiiiiiininin.  in  terms  of  resist- 
ance of  the  battery,  the  spoiling  of  the  cell 
ill  the  first  fliagram  increases  the  resistance 
of  the  battery  by  ')()  jier  cent,  while  in  the 
.second  diagram  it  increases  the  resistance  of 
the  battery  by  only  10  per  cent. 


r©-<^^^-e-^ 


k^^^^^-^s^i^ 


Fig.  6.      Parallel  of  Series  connected  Cells 


f^n(x) 


€) 


€) 


Fig.  7.     Series  of  Parallel-connected  Cells 

As  the  internal  resistance  of  the  drj^  cells 
increases,  the  current  which  they  will  deliver 
to  any  given  circuit  will  decrease.  If  there 
are  n  cells,  arranged  s  cells  in  series  and  p 
rows  in  parallel,  the  electromotive  force  of 
the  battery  will  be  sE,  and  if  each  cell  has  a 
resistance  of  b,  the  resistance  of  the  battery 

will  be  — . 

P 

such    a    battery,    equation    (3) 


Applying  Ohm's  law  to  a  circuit 


contaimn 
becomes : 


/  =  - 


sE 


R+- 


(9) 


The  maximum  current  that  the  battery  can 
supply  (when  the  external  resistance  is 
zero)  is: 

sE       E 


which  is  analogous  to  equation  (4)  given  on 
page  1021. 

Whenever  it  may  be  necessary  to  use  old 
cells  for  any  purpose  and  the  resistance  of 
the  cells  has  become  of  the  same  order  of 
magnitude  as  the  resistance  of  the  external 
circuit,  a  choice  arises  between  the  series  and 
parallel  connections  of  the  cells.  If  the 
resistance  of  the  individual  cells  is  less  than 
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the  resistance  external  to  the  battery,  more 
current  can  be  forced  through  the  circuit  by 
putting  the  cells  in  series;  but  if  the  resistance 
of  the  individual  cells  is  equal  to  the  external 
resistance,  the  current  is  the  same  whether 
the  cells  are  in  series  or  parallel.  If  the  resist- 
ance of  the  individual  cell  exceeds  the  resist- 
ance external  to  the  battery,  more  current 
can  be  obtained  by  putting  the  cells  in  parallel. 

4.     Effects  of  Temperature  on  Dry  Cells 

Dry  cells  are  affected  by  changes  in  tem- 
perature. Generally  speaking,  temperatures 
above  25  deg.  C.  (77  deg.  P.),  are  detrimental. 
The  effect  of  temperature  on  the  electromotive 
force  is  small,  and  for  most  purposes  can  be 
neglected,  but  in  other  respects  temperature 
changes  produce  effects  that  are  more  marked. 
These  will  be  discussed  in  greater  detail. 

(a)  Effects  of  Temperature  on  Storage. — 
Heat  produces  deterioration  of  dry  cells  in 
two  ways.  First,  it  tends  to  produce  leak- 
age; this  may  be  observed  when  the  sticky 
electrolyte  has  oozed  out  around  the  seal  of 
the  cell.  Second,  it  increases  the  rate  of 
the  chemical  reaction  taking  place  within  the 
cell.  The  deterioration  of  the  cells  is  usually 
measured  by  the  decrease  in  the  short-circuit 
current  with  time  when  the  cells  are  stored 
on  open  circuit.  This  is  not  a  true  criterion 
of  the  decrease  in  service  capacity  of  the  cells, 
but  is  the  most  convenient  method  of  esti- 
mating the  depreciation.  In  Table  VII  is 
given  the  percentage  decrease  in  short-cir- 
cuit current  at  the  end  of  10  weeks  for  cells 
stored  at  various  temperatures.  The  figures 
have  been  taken  from  an  article  by  Pritz." 
The  table  shows  that  it  is  necessary  to  keep 
the  cells  as  cool  as  possible  while  they  are  in 
storage  or  being  shipped.  Temperatures  of  55 
deg.  C.  or  above  are  not  likely  to  be  reached 
under  any  ordinary  conditions  of  storage. 

TABLE  VII 

EFFECT  OF  TEMPERATURE  ON  THE  SHORT- 
CIRCUIT    CURRENT  OF   DRY  CELLS 
STORED  ON  OPEN  CIRCUIT 


Temperature  of 
Storage 

Percentage  Decrease  in 

at  End  of  10  Weeks 

5  deg.  C.  (  41  deg.  F.) 

4.4 

25  deg.  C.  (   77  deg.  F.) 

10.0 

35  deg.  C.  (  95  deg.  F.) 

19.0 

45  deg.  C.  (113  deg.  F.) 

25.0 

55  deg.  C.  (131  deg.  F.) 

52.0 

65  deg.  C.  (149  deg.  F.) 

71.0 

75  deg.  C.  (167  deg.  F.) 

98.0 

'Trans.  Am.  Electrochem.  Soc,  19.  p.  39;  1911. 
'Trans.  Am.  Electrochem.  Soc,  17,  p.  357:  1910. 
'Idem.  19,  p.  39;  1911. 
'Idem.  17,  p.  358;  1910 


(b)  Effects  of  Temperature  on  Short-circuit 
Current. — Between  10  deg.  C.  and  SO  deg.  C. 
(50  deg.  F.  and  176  deg.  F.)  the  short-circuit 
current  increases  by  approximately  1  ampere 
for  each  10  deg.  C.  (18  deg.  F.)  rise.  At  the 
lower  temperature  it  is  somewhat  greater 
than  this  and  at  the  higher  temperatures 
somewhat  less.  Cells  which  are  frozen  may 
show  only  small  currents,  but,  according  to 
Ordway,'  they  may  be  thawed  out  and  become 
normal.  If,  however,  the  electrolyte  becomes 
entirely  solidified,  the  voltage  and  current 
are  reduced  to  zero,  and  it  is  not  certain 
whether  they  can  become  normal  again  after 
being  thawed  out. 

(c)  Effect  of  Temperature  on  Service  Ca- 
pacity.— For  heavy  service  a  moderately  high 
temperature  is  desirable,  but  for  light  service 
a  low  temperature  is  necessary.  The  data 
of  Table  VIII  are  taken  from  Pritz,^  showing 
the  hours  of  continuous  service  from  cells  of 
the  same  manufacturer  when  discharged 
through  various  resistances  until  the  closed- 
circuit  voltage  had  fallen  to  0.5  volt.  The 
cells  used  for  these  measurements  were 
probably  the  6.5  by  15  cm.  (2}-^  by  6  in.)  size. 
Exactly  the  same  figures  for  the  2~ohm  and 
32-ohm  tests  were  also  given  by  Ordway"  in 
a  previous  paper. 

Table  VIII  shows  that  50  deg.  C.  (122 
deg.  F.)  is  the  most  favorable  tempera- 
ture when  the  external  resistance  is  8  ohms 
or  less,  and  that  0  deg.  C.  (32  deg.  F.)  is 
the  best  for  the  low  rates  of  discharge  on 
continuous  service.  However,  a  word  of 
caution  is  necessary  in  applying  this  table  to 
actual  use  of  cells.  This  is  a  continuous  test, 
while  cells  are  used  ordinarily  only  part  of 
the  time.  Hence,  the  heat  that  may  seem  to 
make  the  cell  more  efficient  in  some  cases  may 
also  cause  so  much  deterioration  during  the 
idle  periods  as  to  be  disadvantageous.  For 
example.  Table  VIII  shows  160  hours'  service 
at  50  deg.  C.  when  discharging  through  4 
ohms;  but  this  is  less  than  seven  days. 
Table  VII  shows  that  at  this  temperature  the 
deterioration  of  the  cell  as  measured  by  the 
short-circuit  current  is  about  4  per  cent  per 
week  on  the  average.  If  the  cells  were  to  be 
used  over  a  period  of  several  weeks,  the  hours 
of  actual  service  obtainable  would  be  much  less 
than  those  shown  in  Table  VIII.  The  ob\-ious 
remedy  is  to  keep  the  temperature  lower. 

5.      Capacity  of  Dry  Cells 

Very  little  information  that  is  exact  is 
available  on  the  capacity  of  dry  cells.  It  is 
impossible    to   state    their    ampere-hour    ca- 
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TABLE   VIII 

HOURS  OF  SERVICE  OF   DRY   CELLS   DISCHARGING   AT 
VARIOUS  RATES  AND  TEMPERATURES 


Odeg.  C.  (  32deg.  F.). 
25  deg.  C.  (  77  deg.  F.). 
oOdeg.  C.  (122  deg.  F.). 
75  deg.  C.  (167  deg.  F.). 


HKSIsrANt 

E  OV  KXTEUIAL  CIRCUIT  IN  Miiu, 

2 

4 

8 

16 

32 

40 

40 
60 
70 
65 

80 
94 
160 

158 

270 
260 

;i  1  .■, 

560 
700 
650 
615 

1800 
1550 
1250 
1390 

2550 
1630 
1420 

1510 

pacity,  as  is  done  for  storage  batteries,  because 
so  much  depends  on  the  condition  of  the  cells, 
the  way  they  are  made,  the  way  they  are 
used,  and  the  arbitrary  choice  of  an  end  point. 

Under  specified  conditions,  however,  some 
information  is  available  for  the  most  common 
size  of  dry  cell  ((5.5  by  15  cm.)  or  (2 J  2  by  6 in.). 
Since  dry  cells  are  mostly  used  on  circuits 
of  which  the  resistance  is  constant  or  nearly 
so,  the  results  are  usually  expressed  as  the 
number  of  hours  or  days  that  the  cell  will 
continue  to  give  service  on  this  circuit;  that 
is,  the  number  of  hours  until  the  impressed 
voltage  has  fallen  to  some  value  such  that 
the  current  flowing  is  insufficient.  It  is 
customan.-  therefore  to  express  the  capacity 
of  dry  cells  as  hours  of  discharge  to  certain 
arbitrary  values  of  the  voltage.  Table  IX 
taken  from  Ordway's'"  paper  shows  the 
number  of  hours  of  continuous  service  at 
various  discharge  rates  to  various  end  points. 

This  table  shows  clearly  the  gain  in  hours 
of  service  that  is  to  be  obtained  by  making 
the  current  drain  light.  For  the  end  point 
1.2  volts  discharging  through  2  ohms,  4. ,3 
hours  were  obtained,  but  at  one  fourth  this 
current  the  cell  gave  eight  times  the  ser^•ice 
and  at  one  twentieth  this  current,  125  times 
the  ser^'ice. 

When  the  cell  is  used  intermittently,  the 
actual  service  obtained  to  a  given  end  voltage 


is  ordinarily  greater  than  when  it  is  used 
continuously.  Ordway"  has  shown  that  at 
light  loads  the  deterioration  of  the  cell  on 
open  circuit  becomes  a  factor,  so  that  the 
cell  may  be  more  efficient  in  the  later  stages 
of  its  discharge  when  the  discharge  is  con- 
tinuous 

In  using  Table  IX  it  must  not  be  assumed 
that  when  the  voltage  has  fallen  to  one  half 
its  initial  value  that  the  cell  is  one  half  dis- 
charged. The  true  measure  of  discharge  of 
the  cell  is  the  ratio  of  the  energy  delivered 
to  the  total  energy  contained,  and  this  must 
be  measured  in  watt-hours. 

Ordway  gives  in  connection  with  the 
material  which  we  have  used  in  Table  IX  a 
similar  table  expressing  the  capacity  of  the 
cells  in  watt-hours.  His  figures  are  given  in 
Table  X  for  No.  (3  cells.  It  is  seen  that 
to  obtain  the  same  amount  of  energy-  at  the 
higher  rates  of  discharge  it  is  necessary  to 
carry  the  voltage  to  a  lower  point  than  is  the 
case  for  smaller  rates  of  discharge. 

Just  as  the  voltage  is  not  a  criterion  of  the 
service  capacity  remaining  in  the  cell,  so  also 
the  short-circuit  current  is  not  a  true  measure 
of  the  cell's  capacity.  Excessively  large 
short-circuit  currents  when  the  cell  is  new  do 
not  indicate  that  such  cells  will  give  more 
ser\-ice  than  others  }-ielding  average  currents. 
These  excessive  currents  which  are  some- 
times produced  for  advertising  purposes  may 
be  the  result  of  harmful  additions  to  the  usual 


TABLE  IX 

HOURS  OF  SERVICE  TO  VARIOUS  WORKING  VOLTAGES  FOR  VARIOUS  DISCHARGE  RATES 


1.2. 
1.0. 
0.8. 
0.6. 
0.4. 
0.2. 


End  Point,  in  Volts 


RESISTANCE  OF  EXTBRNilL 


2 

■4 

8 

16 

24. 

32 

40 

4.3 

10 

39 

142 

260 

414 

549 

9.3 

35 

94 

296 

548 

889 

1148 

16.5 

51 

143 

414 

751 

1078 

1550 

28.2 

76 

225 

954 

1240 

1600 

1763 

55 

207 

648 

1197 

1711 

2280 

2040 

160 

450 

882 

1318 

1914 

2626 

3140 
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ingredients  of  the  cell.  With  anj^  given  brand 
of  cell,  a  test  that  shows,  for  example,  a 
decrease  of  40  per  cent  in  the  short-circuit 
current  does  not  mean  that  60  per  cent  of  its 
service  capacity  remains.  This  matter  is 
discussed  more  fully  under  the  tests  for  dry 
cells  on  page  following. 

V.     TESTING  DRY  CELLS 

The  difficulty  in  testing  dry  cells  arises 
from  the  fact  that  the  cells  under  varying 
conditions  will  j'ield  different  amounts  of 
service.  For  this  reason  it  is  not  possible  to 
state  the  service  capacity  of  any  kind  of  dry 
cell  in  arbitrary  figures,  unless  the  test  itself 
is  practically  the  same  as  the  use  to  which 
it  is  to  be  put.  No  way  has  been  found  as 
yet  to  make  accelerated  tests  that  shall 
include  all  the  factors  entering  into  the  per- 
formance of  the  cells.  Table  IX  has  shown 
that  as  the  load  on  the  cell  is  increased  the 
hours  of  service  rendered  by  the  cell  are  more 
than  proportionately  decreased.  Accelerated 
tests  do  not  include  the  important  matter  of 
the  open-circuit  deterioration.  Intermittent 
tests  are  long  continued  and  the  results  are 
generally  not  obtainable  until  after  the  cells 
from  which  the  test  sample  was  taken  have 
lost  a  large  part  of  their  usefulness. 

Except  for  current  and  voltage  measure- 
ments which  can  be  made  quickly  and  without 
injury  to  the  cells,  the  only  feasible  method 
of  testing  the  cells  seems  to  be  to  make 
frequent  tests  on  various  brands  of  cells. 
These  tests  can  give  information  on  the 
relative  service  to  be  expected  from  the  . 
different  brands  and  indicate  the  quality  of 
materials  in  use  and  the  systematic  efficiency 
of  their  manufacture.  The  current  and  volt- 
age   measurements    will    indicate    accidental 


imperfections  in  the  ceUs,  if  such  exist,  and, 
with  certain  restrictions,  will  indicate  the 
age  and  condition  of  the  cells.  Tests  for  dry 
cells    were   described   in    considerable    detail 


"Trans.  Am.  Electrochem.  Soc,  17,  p.  341;  1910 
"Trans.  Faraday  Soc,  S,  p.  1 ;  1912. 
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ABC         DEFGH 
Brands  of  Cells 

Fig.  8.     Relative  Short-circuit  Current  and  Service  Capacity  of 
Eight  Brands  of  Cells.     (Observations  by  Pritz) 

The  points  connected  by  dotted  line  /  represent  the  initial 
short-circuit  currents  of  the  cells  expressed  in  terms  of  brand  A. 
Points  connected  by  dotted  line  11  represent  the  service  capacity 
of  the  same  cells  also  expressed  in  terms  of  brand  A. 


by  Ordway'^  in  this  country  and  Melsom^'  in 
England. 

A    committee    of    the   American    Electro- 
chemical Society  was  appointed  to  investigate 
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TABLE   X 

ENERGY   DELIVERED  BY   DRY   CELL   WHEN   DISCHARGING   CONTINUOUSLY 

THROUGH   VARIOUS   RESISTANCES  TO   VARIOUS  END   POINTS 

(Expressed  as  watt-hours) 

RESISTANCE  OF  EXTERNAL  CIRCUIT  IN  OHMS 


End  Point,  in  Volts 

2 

4 

8 

16 

24 

■ 

.32 

40 

1.2 

1.0 

3.7 
6.7 
9.7 
12.5 
15.4 
19.8 

4.3 
13.0 
16.3 
19.4 
27.3 
32.6 

8.1 
16.5 
21.5 
26.6 
39.1 
41.5 

15.2 
26.9 
32.8 
48.9 
52.6 
53.3 

18.8 
33.4 
40.3 
49.5 
64.3 
55.2 

21.7 
39.8 
44.6 
52.7 
58.2 
59.3 

23.8 
42.0 

0.8                               

50.6 

0.6.    .              

53.2 

0.4 

54.8 

0.2...                                

57.1 
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the  subject.  They  made  a  rejiort"  in  lit  12 
embodying  most  of  the  tests  previously 
described  by  Ordway.  The  tests  in  general 
use  today  are  essentially  the  same  as  were 
recommended  at  that  time.  Some  difTercnces, 
however,  have  been  generally  accepted,  but 
these  are  differences  of  detail  rather  than 
principle.  There  are  no  tests  that  have  been 
standardized  and  universally  adopted. 

1.     Open-circuit  Voltage  Test 

This   is   usually   made    with   a    \-oltmeter 
through     which     some    current     necessarily 


The  v<jllage  of  an  unu.scd  dry  cell  is  usually 
from  l..")U  to  l.aa  volts.  Higher  voltages  are 
sometimes  found,  but  do  not  indicate  super- 
iority of  the  cell.  Lower  voltages"  than  1.4.J 
volts  may  indicate  deterioration  due  to  age 
or  short  circuit  or  some  other  serious  defect. 
The  value  of  the  open-circuit  voltage  test 
considered  alone  is  small.  It  gives  no  indi- 
cation of  service  capacity  and  it  changes  by 
only  a  small  amount  relatively  during  the  life 
of  the  cell.  One  cell  under  observation  at 
the  Bureau  for  IG  years  still  shows  1.2.")  volts 
when   measured   on    the   potentiometer,    al- 
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Fig.  9.     Relation  Between  Deterioration  in  Short-circuit  Cur- 
rent and  Service  Capacity  for  Cells  Stored  for  Various 
Periods  of  Time  on  Open  Circuit 

Curve  7  shows  deterioration  measured  by  the  short-circuit  cur- 
rent test;  Curve  //  by  service  rendered  on  the  ignition  test; 
Cur\'e  ///  by  ser\-ice  rendered  on  the  telephone  test. 


flows.  It  is  therefore  not  stricth'  an  open- 
circuit  measurement,  but  the  current  which 
flows  through  the  voltmeter  is  generally  so 
small  that  the  voltage  of  the  cell  is  lowered 
by  an  amount  which  is  negligible.  An  accu- 
rate voltmeter  of  at  least  100  ohms  resistance 
per  volt  of  the  scale  divisions  may  be  used  for 
this  purpose.  The  true  open-circuit  voltage 
of  cells  is  most  conveniently  obtained  hy 
measuring  them  with  a  potentiometer,  but 
this  is  possible  only  in  the  laboratory-. 

"Trans.  Am.  Electrochem.  Soc.  «/,  p   275;  1912. 
"Report  of  committee  on  dry-cell  tests.     Trans.  Am.  Electro- 
chem. Soc.,  il,  p.  278:  1912. 


though  its  resistance  has  increased  so  that 
a  voltmeter  measurement  such  as  is  described 
above  shows  only  0.30  volt. 

2.     Short-circuit  Current  Test 

This  test  as  described  by  the  committee  of 
the  Electrochemical  Society  is  commonly  in 
use  at  the  present  time.  A  deadbeat  ammeter 
accurately  calibrated  must  be  used.  The 
resistance  of  the  lead  \\-ires  and  shunt  of  the 
ammeter  should  have  a  value  of  0.01  ohm  to 
within  0.002  ohm.  The  maximum  swing 
of  the   needle  is  taken  as   the  short-circuit 
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current  of  the  cell.  The  lead  wires  are 
conveniently  tipped  with  lead  to  make 
good  contact  and  should  be  applied  to 
the  brass  terminals  of  the  cell.  Results 
of  tests  vary  with  the  temperature.  They 
should  be  made  only  when  the  cell  is  at 
normal  room  temperature;  that  is,  about 
70  deg.  F. 

The  value  of  this  easily  made  test  lies  in  its 
indication  of  the  condition  of  the  cell  as  com- 
pared with  the  normal  value  of  cells  of  the 
same  manufacture  and  brand.  Thus,  if  the 
brand  of  cell  is  known  to  average  30  amperes 
when  new  and  unused  and  the  cell  under 
test  shows  about  this  value,  it  is  reasonably 
certain  that  the  cell  is  in  good  condition. 
This  test  gives  no  indication  of  the  service 
capacity  of  different  brands  of  cell  as  is 
shown  in  Fig.  8,  taken  from  a  paper  by 
Pritz"^  in  which  the  short-circuit  current  of 
eight  different  brands  is  compared  with  the 
service  capacity  of  the  same  cells. 

Some  cells  manufactured  expressly  for 
long-continued  service  give  only  IS  to  20 
amperes  when  new,  so  that  it  is  obviously 
unfair  to  compare  them  with  30-ampere 
ignition  cells.  But  a  cell  which  should  give 
30  amperes  initially,  which  gives  only  IS 
amperes  on  short  circuit,  has  lost  a  large 
part  of  its  service  capacity,  at  least  for  heavy 
drains. 

The  decrease  in  service  capacity  does  not, 
however,  follow  the  decrease  in  short-circuit 
current.  In  Fig.  9  are  given  comparative 
results  at  different  periods  extending  over  a 
year  on  cells  stored  on  open  circuit.  The- 
results  as  expressed  by  Curve  I  represent  the 
short-circuit  current  as  a  percentage  of  the 
original  value.  Curve  II  shows  the  actual 
service  that  the  cells  can  render  on  the 
standard  ignition  test  at  the  periods  shown. 
It  will  be  noted  that  these  results  differ 
greatly  from  those  of  Curve  I.  Curve  III 
shows  the  results  of  the  telephone  test  on 
these  cells  at  the  same  time.  In  this  case 
the  results  follow  the  short-circuit  deteriora- 
tion more  closely.  The  data  for  these  curves 
has  been  obtained  from  one  of  the  manu- 
facturing companies. 

The  two  tests  outlined  above  are  the 
only  ones  at  present  in  use  that  can  be 
easily  and  quickly  made  without  destroy- 
ing the  cells.  If  made  with  a  proper 
understanding  of  what  is  to  be  expected 
of  the  particular  cells  under  test,  they 
afford  valuable  information.  Otherwise  they 
may  be  misleading. 

"Trans.  Am.  Electrochem.  Soc,  tO.  p.  33;  1911. 


3.     Intermittent  Tests 

These  have  been  made  to  imitate  the  use 
of  cells  under  average  conditions.  They  are 
of  three  kinds — one  representing  heavy  service 
and  generally  called  the  ignition  test,  the 
second  representing  light  service  and  called 
the  telephone  test,  and  the  third  for  flash- 
light batteries. 

(a)  Ignition  Test. — Six  cells  connected  in 
series  to  a  circuit  of  16  ohms  are  discharged 
for  two  periods  of  one  hour  each  per  day, 
the  periods  being  11  hours  apart.  The  test 
is  considered  complete  when  the  impulse 
current  through  0.5  ohm  at  the  end  of  a 
period  of  discharge  falls  below  4  amperes. 
This  test  has  been  somewhat  modified  in 
recent  years  by  some  manufacturers  to  permit 
using  a  smaller  number  of  cells  in  the  group. 
In  such  cases  the  resistance  of  the  circuit 
and  the  coil  for  measuring  the  impulse 
current  are  reduced  proportionately.  The 
results  of  the  test  are  expressed  as  the 
number  of  hours  actual  discharge  to  the 
end  point. 

{b)  Telephone  Test. — This  test,  as  de- 
scribed by  the  committee  mentioned  above, 
consisted  of  discharging  three  cells  connected 
in  series  through  20  ohms  for  two-minute 
periods  each  hour,  24  hours  per  day  and  7 
days  per  week,  until  the  closed-circuit  volt- 
age of  the  battery  at  the  end  of  a  period  of 
contact  falls  to  2.8  volts.  This  has  been 
modified  and  supplanted  by  the  so-called 
A.  T.  and  T.  telephone  test  which  is  as 
follows:  Three  cells  connected  in  series  are 
discharged  through  20  ohms  for  10  periods 
of  four  minutes  each  in  10  consecutive  hours 
of  six  days  per  week.  On  the  seventh  day 
every  other  period  is  omitted.  The  end  of 
the  test  is  taken  at  2.8  volts  for  the  battery 
on  closed  circuit.  The  results  are  expressed 
as  the  number  of  days  the  test  lasted. 

(c)  Flashlight  Test. — The  battery  is  dis- 
charged for  a  five-minute  period  once  a  day 
through  a  resistance  of  4  ohms  for  each  cell 
in  series  in  the  battery,  until  the  working 
voltage  falls  to  0.75  volt  per  cell.  The  results 
are  expressed  as  the  number  of  minutes  of 
actual  discharge.  At  the  present  time  the 
end  point  is  generally  taken  as  0.50  volt  per 
cell  on  closed  circuit  instead  of  0.75  volt 
because  the  modern  lamps  are  usable  to  a 
lower  voltage.  In  making  this  test  it  is 
necessary  to  use  fixed  resistances  of  the  proper 
value  rather  than  small  lamps  because  the 
lamps  difl^er  among  themselves,  and  the 
resistance  of  the  lamps  changes  by  a  large 
amount  as  the  impressed  voltage  changes. 
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4.     Continuous  Tests 

Tlu'si'  U'sts  arc  simpliT  aiul  quickiT  In 
makr,  lull  tlu'\-  <\i>  not  allunl  sucli  (loliiiiu- 
informaliiin  alxml  llio  \  alur  nf  llir  cells  as 
the  iiUerniittenl  U'sls,  because  lliey  do  not 
bear  a  close  relation  to  actual  scr\ice  eitiier 
in  the  matter  of  the  current  drain  or  lenj^th 
of  service.  Continuous  tests  have  been  used 
more  in  Europe  than  in  this  country,  possibly 
because  so  many  of  the  European  cells  are 
of  the  bajj-type  construction  with  a  very 
thick  layer  of  paste  whicli  reduces  the  open- 
circuit  cleterioration. 

{a)  Largc-si:c  Cells. — For  the  No.  G  and 
larger  sizes  of  cell,  a  satisfactory  continuous 
test  is  to  discharge  the  cell  through  a  fi.xed 
resistance  of  10  ohms  imtil  the  voltage  has 
fallen  to  some  arbitrary  figure  which  may 
conveniently  be  taken  as  O.7.")  ^"olt  per  cell. 
Continuous  tests  at  large  currents  give  ver\' 
little  information  of  value,  but  at  small 
currents  afford  information  about  the  uni- 
formity of  manufacture.  Sometimes  the 
continuotis  tests  are  modified  by  allowing  a 
period  of  rest  during  part  of  the  day.  This, 
however,  does  not  sufficiently  approach  the 
intermittent  use  in  actual  service  to  be  of 
much  value. 

(b)  Flashlight  Cells. — Continuous  tests  of 
flashlight  cells  give  information  as  to  the 
relative  manganese  content,  but  do  not  take 
into  consideration  the  important  matter  of 
open-circuit  deterioration.  It  has  been  found 
by  Gillingham"  that  the  continuous  dis- 
charge of  flashlight  cells  through  resistances 
of  2.7.5  ohms  for  each  cell  in  series  gives  the 
best  approximation  to  the  actual  life  of  the 
cell  discharging  at  0.3.5  ampere  through  a 
lamp.       Burgess**    has    recommended     con- 
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liiiuous  discliarge  of  flashlight  cells  for  ei^ht 
Ixiurs  ])er  day  through  4  ohms  per  cell.  The 
exact  value  which  will  most  nearly  approxi- 
mate the  l)urning  conditions  will,  of  course, 
de|)end  on  the  characteristics  of  the  flash 
lamps  which  have  not  been  standardi/x-d.  It 
is  commonly  found  that  flash  lamps  burning 
at  their  rated  \'oltages  take  O.'JO  to  O.'.i'y 
ampere.  Some  lamps  of  low  efficiency  arc  on 
the  market  as  well  as  some  of  very  high 
efficiency.  The  latter  will  burn  out  quickly 
on  a  gof)d  battery,  but  are  sometimes  used 
to  hide  the  deficiencies  of  a  jKJor  battery. 
The  only  accurate  test  of  a  flashlight  battery 
is  to  discharge  it  through  a  fixed  resistance  of 
suitable  value  and  not  to  use  a  flash  lamp,  as 
is  often  done. 

5.  Shelf  Test 

This  test  consists  in  storage  of  the  cells  on 
open  circuit  at  room  temperature  over  a 
considerable  period  of  time  during  which  the 
changing  condition  of  the  cells  is  ascertained 
by  open-circuit  voltage  and  short-circuit 
current  readings.  No  definite  end  point  is 
taken,  but  the  results  are  expressed  as  per 
cent  drop  in  amperage  for  certain  periods 
of  time.  This  is  an  important  test,  and  should 
be  made  at  as  nearly  a  constant  temperature 
as  possible. 

6.  Other  Tests 

Besides  the  tests  mentioned  above  it  may 
be  desirable  to  make  other  tests,  such  as  will 
include  other  physical  measurements,  chem- 
ical examination,  and  the  effect  of  shock  and 
heat.  For  these  no  definite  procedure  has  been 
established.  A  superficial  physical  examina- 
tion will  often  serve  to  indicate  certain  defects, 
such  as  loose  terminals,  leaking  seals,  flaws  in 
the  zinc  and  loose  cartons. 
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A  Simple  Electric  Water  Heater  for  the  Utilization 
of  Surplus  Hydro-electric  Po^ver 

By  H.  A.  WiNNE 

Power  and  Mining  Engineering  Department,  Gener.al  Electric  Comp.\ny 

The  simple  and  substantial  electric  water  heater  described  in  this  article  has  been  developed  to  take  the 
place  of  fuel-fired  water  heaters  in  those  industrial  plants  that  are  operated  by  isolated  hydro-electric  stations. 
As  surplus  electric  power  is  ordinarily  available  under  such  conditions,  the  use  of  the  electric  heater  will  save 
the  cost  of  the  equivalent  fuel  minus  the  capital  and  depreciation  charges  on  the  heater. — Editor. 


There  are  a  number  of  industrial  plants 
in  this  and  other  countries  which  have  isolated 
hydro-electric  generating  stations.  In  almost 
every  one  of  these  plants  the  generating 
capacity  exceeds  the  actual  power  require- 
ments during  the  major  portion  of  every  day. 
Usually  the  water  necessary  to  develop  the 
surplus  capacity  is  available  during  the 
greater  portion  of  the  year.  The  generating 
plant  can  be  operated  at  full  capacity  at 
almost  no  increase  in  expense  over  that 
required  to  operate  it  at  eighty  per  cent,  or 
ninety  per  cent,  or  whatever  percentage  of 
full  capacity  is  reqtiired  in  the  off-peak 
periods.    Therefore,  if  this  surplus  or  ' '  dump ' ' 


power  can  be  used  or  sold,  the  revenue  ob- 
tained from  its  use  or  sale  is  practically  one 
hundred  per  cent  profit. 

For  industrial  purposes,  many  of  these 
plants  require  hot  water  or  steam,  and  em- 
ploy fuel-fired  heaters  or  boilers  to  produce  it. 
If  the  surplu'^  or  "dump"  electric  power  were 
converted  into  heat  and  were  used  for  heating 
the  water  in  a  simple  rugged  heater,  the  cost 
of  the  amount  of  fuel  saved,  less  the  capital 
and  depreciation  charges  on  the  heater,  would 
represent  a  net  decrease  in  operating  expenses. 

Pulp  and  paper  mills  are  representative  of 
the  type  of  plant  under  consideration.  These 
usually  obtain  power  from  individual  hydro- 
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Fig.  1.     Plan  and  Elevation  of  a  1000-kw.  Pipe-type  Electric  Water  Heater 
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electric  plants.  Tliov  require  steam  for  dry- 
ing paper  and  numerous  other  purposes,  and 
some  require  iiot  water  for  washing  pulj)  in 
the  blowpits.  An  electric  water  heater  can  I)e 
utilized  either  to  heat  water  for  direct  use  in 
washing,  or  as  a  "temperature  booster"  in 
the  boiler  feed  water  line  between  the  usual 
feed  water  heater  and  the  boilers 

Description  of  Heater 

A  very  simple,  rugged  and  inexpensive 
electric  water  heater  can  be  built  of  ordinary 
standard  wrought  iron  pipe.  Briefly,  the 
heater  consists  of  a  length  of  iron  pipe,  through 
which  the  water  to  be  heated  flows,  and 
through  the  walls  of  which  an  electric  current 
is  passed.  Since  iron  pipe  has  a  considerable 
electrical    resistance,    the    flow    of    current 


to  having  standard  pipe  threads,  are  arc 
welded  to  prevent  any  i)ossibiiity  of  water 
leakage.  The  welding  of  the  joints  also  i>ro- 
vides  good  electrical  contact,  eliminating  any 
])Ossibility  of  overheating. 

The  heater  is  enclosed  in  a  chamber,  the 
walls  of  which  are  built  up  of  heat-insulating 
brick,  with  a  cover  so  arranged  as  to  be  readily 
removable  for  inspection.  Owing  to  the  rela- 
tively small  dimensions  of  the  complete  heater 
this  is  an  inexpensive  method  of  reducing  to  a 
minimum  the  loss  of  heat  due  to  radiation. 

As  shown  in  Fig  2,  the  heater  may  be  con- 
nected in  an  existing  water  system  to  "  boost" 
the  temperature  with  almost  no  disturbance 
of  the  system.  The  insertion  of  two  pipe  T's 
and  the  valve  A  are  the  only  changes  required 
in  the  existing  piping.    The  inlet  and  outlet 
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Diagrammatic  Representation  of  the  Hydraulic  and  Electrical  Connections  of  i 
Pipe-type  Electric  Water  Heater 


through  its  walls  generates  heat  which  is 
transmitted  to  the  water. 

A  heater  designed  to  absorb  1000  kilowatts 
of  three-phase  power  is  shown  in  plan  and 
elevation  in  Fig.  1;  while  Fig.  2  is  a  diagram- 
matic sketch  of  the  complete  system  of  water 
and  electrical  connections. 

This  heater  consists  of  three  sections,  in 
multiple  so  far  as  the  hydraulic  connections 
are  concerned.  Each  section  is  built  up  of  ten 
lengths  of  13'2-inch  wrought  iron  pipe,  eight 
standard  return  bends,  and  one  special  return 
bend  arranged  for  connection  to  busbars. 
These  three  sections  are  mounted  side  by  side 
on  asbestos  lumber  or  other  insulating  sup- 
ports, and  are  connected  to  the  inlet  and  out- 
let headers  E  and  D.  All  joints  between  the 
heater  pipes  and  bends  or  headers,  in  addition 


pipes,  /  and  0,  of  the  heater  are  connected  one 
to  each  of  the  T's,  and  have  a  valvein  each  pipe 
to  pro^-ide  a  means  for  cutting  the  heater  out 
of  the  system.  When  the  heater  is  in  use, 
valves  B  and  C  are  open,  and  valve  A  is 
either  w-holly  or  partially  closed,  depending 
on  the  volume  of  water  flowing  through  the 
main. 

The  circulation  of  water  through  the  heater 
is  assisted  by  the  fact  that  the  cold  water 
enters  at  the  bottom  and  the  heated  water 
leaves  at  the  top. 

The  sj'stem  of  pipe  connections  shown  ap- 
plies particularly  where  the  heater  is  to  be 
used  as  a  "temperature  booster,"  as  in  a 
boiler  feed  water  line  or  in  the  feed  pipe  to  a 
tank  supplying  hot  water  for  general  purposes 
throughout  the  plant. 
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Flowmeter 

An  indicating  flowmeter  is  connected  in  the 
inlet  pipe,  /,  of  the  heater.  This  affords  an 
easy  means  of  determining  the  correct  opening 
of  the  valve  A  to  give  the  desired  water  flow 
through  the  heater. 

In  addition  to  being  an  indicating  instru- 
ment, this  flowmeter  is  provided  with  electri- 
cal contacts  which  open  the  electrical  circuit 
whenever  the  flow  of  water  decreases  to  a  cer- 
tain predetermined  minimum  value.  The 
contacts  are  so  designed  that  they  may  be 
easily  adjusted  to  open  the  circuit  at  any 
water  flow  within  the  range  of  the  instrument. 
They  are  connected  with  an  auxiliary  trip 
coil  on  the  oil  circuit  breaker,  in  the  power 
supply  line,  in  such  a  way  that  when  they 
open  the  oil  circuit  breaker  will  trip  out. 
This  automatic  cutting  off  of  the  power,  in 
case  of  reduction  of  water  flow  below  a  safe 
value,  eliminates  the  possibility  of  overheating 
the  heater. 

If  the  flow  of  water  through  the  main  is  not 
continuous  and  the  heater  is  to  be  used  inter- 
mittently, the  flowmeter  may  be  made  to  close 
the  oil  switch  when  the  flow  goes  above  the 
minimum  safe  value,  as  well  as  to  trip  it  when 
the  flow  stops.  This  makes  the  operation  of 
the  heater  entirely  automatic. 

Transformer  and  Switchboard 

From  the  electrical  line  terminals  F,  G,  and 
H,  the  three  heater  sections  constitute  three 
electrical  resistances,  connected  together  at 
the  ends  opposite  the  line  terminals  by  the 
headers  E  and  D.  Since  the  three  sections  are 
similar,  their  resistances  will  be  equal;  and  if 
the  terminals  F.  G,  and  H  are  connected  to  a 
three-phase  supply  of  suitable  voltage,  the 
power  input  will  constitute  a  balanced  three- 
phase  load.  Owing  to  the  size  of  the  pipes 
used,  the  voltage  required  will  obviously  be  of 
a  comparatively  low  value,  and  can  best  be 
obtained  from  a  step-down  transformer.  On 
this  1000-kw.  heater,  50  volts  is  required 
across  the  heater  terminals.  The  step-down 
transformer  is  provided  with  taps  for  obtain- 
ing a  lower  secondary  voltage,  so  that  the 
power  input  can  be  reduced  to  66G  kw.  when 
the  full  1000  kw.  of  power  is  not  available. 

The  transformer  is  a  water-cooled  three- 
phase  unit,  and  occupies  little  floor  space.  Its 
low-voltage  terminals  are  arranged  for  easy 
connection  to  the  busbars  leading  to  the 
terminals  of  the  heaters. 

The  control  equipment  consists  of  a  small 
panel  mounting  an  oil  switch,  ammeter, 
watthour  meter,  and  three  double-throw  dis- 


connecting switches  for  changing  taps  on 
the  transformer.  These  tap-changing  switches 
are  placed  in  a  grille  work  enclosure,  the  door 
of  which  is  so  interlocked  with  the  oil  switch 
that  no  manipulation  of  the  tap  switches  is 
possible  while  the  oil  switch  is  closed. 

The  entire  equipment,  heater,  transformer, 
and  switchboard,  occupies  a  floor  space  eight 
by  twelve  feet,  and  a  height  of  nine  feet. 

Operating  Characteristics 

At  first  thought  it  might  seem  that  the 
operating  power-factor  of  any  apparatus  using 
iron  pipe  to  carry  a  heavy  alternating  cur- 
rent must  necessarily  be  very  low,  but  this  is 
not  the  case.  It  is  true  that  at  current  densi- 
ties of  the  usual  magnitude  the  ratio  of  re- 
actance drop  to  resistance  drop  is  high,  with  a 
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Fig.  3.     Power-factor  of  an  Iron-pipe  Electric  Water 

Heater  for  Various  Values  of  Current 

Density  in  the  Pipe 

consequently  low  power-factor.  However,  as 
the  current  density  is  increased  the  increase  in 
resistance  drop  is  at  least  as  great  as  the  in- 
crease in  current  density,  and  usually  greater, 
owing  to  the  increase  in  temperature  and  con- 
sequent increase  in  resistance  of  the  conductor. 

The  reactance  drop,  however,  does  not  in- 
crease in  proportion  to  the  current  density-,  for 
the  reason  that  the  iron  gradually  becomes 
magneticalh'  saturated  as  the  current  density 
is  increased.  Therefore  as  the  current  density 
is  increased,  the  ratio  of  reactance  drop  to 
resistance  drop  gradually  decreases,  with  a 
consequent  increase  in  power-factor. 

This  effect  is  well  brought  out  by  the  curve 
in  Fig.  3.  This  curve  is  plotted  from  actual 
test  results  ou-a  pipe  type  water  heater,  oper- 
ating on  a  40-cycle  circuit.  The  heater  is  de- 
signed to  operate  at  current   densities  high 
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enouj^h  to  take  full  luhaiiUiKt'  "'  ihc  foivj^oiiiK 
characteristic,  with  the  result  that  a  i)<)\ver- 
factor  of  (to  i)er  cent  is  ohlained  on  a  ■t()-c\'ele 
circuit.  On  a  (lO-cj'cle  circuit  a  jxiwcr-faclor 
of  at  least  SO  per  cent  wouUl  he  realized,  while 
of  course  on  2")  cycles  the  jiower-faetur  wdiiM 
be  well  above  !)()  per  cent. 

The  operatinj^  cfiiciency  of  the  equipment 
depends  of  course  on  the  dilTcrence  in  teni])era- 
ture  between  the  heater  and  the  air  of  the 
room  in  which  it  is  installed,  the  cITicicncy  of 
the  heat  insulalinj,^  inclosure,  and  the  losses  in 
the  step-down  transformer.  Under  average 
conditions  the  overall  efficiency,  including 
tranformer  losses,  should  always  be  greater 
than  90  per  cent. 

Economics 

The  saving  that  can  be  effected  by  the 
utiHzation  of  "dump"  electric  power  to  heat 
water  that  would  otherwise  have  to  be  heated 
by  purchased  fuel  is  in  most  cases  sufficient 
to  make  the  installation  of  a  heater  of  the 
described  type  well  worth  while. 

For  example,  we  will  consider  the  case  of  a 
certain  paper  mill.  This  particular  mill  has  a 
hydro-electric  generating  plant  having  a  total 
capacity  of  G7.50  kw.  The  peak  load  on  the 
plant  at  present  is  about  7200  kw.,  this  peak 
lasting  about  two  hours.  During  15  hours  of 
the  day  the  plant  operates  at  an  output  at 
least  1000  kw.  below  its  capacity,  and  during 
six  additional  hours  at  least  666  kw.  below 
capacity. 

The  paper  mill  operates  five  and  one  half 
days  a  week.  Water  is  available  for  operating 
the  plant  at  full  capacity  during  thirty  weeks 
of  every  year. 

Calculating  the  total  kw.  hours  of  "dump" 
power  available  in  one  year  we  ha\"e  the 
following : 


Per  day 

;  1000  kw.  for  1.5  hours  = 
'      666  kw.  for    6  hours  ■■ 


■■  15,000  kw-hr. 
■■   3,996  kw^-hr. 


Total  per  day         =  18,996  kw-hr. 

Per  week    5.5  X    18,996=     104,478  kw-hr. 
Per  year  30     X  104,478  =  3,134,340  kw-hr. 

One  kw-hr.  is  equivalent  to  3412  British 
thermal  units.  Assuming  that  the  electric 
heater  operates  at  90  per  cent  efficiency,  a 
figure  which  will  be  exceeded  in  practice,  we 
have  as  the  total  number  of  B.t.u.  delivered 
to  the  water  by  the  above  amount  of  power: 

3,134,340X3412X0.90  =  9,625,000,000 
B.t.ti.  per  year. 


'i'n  delerinine  the  amount  of  coal  that  this 
amount  of  electricially  generated  heat  will 
sa\'e,  we  will  assume  tJiat  the  coal  u.scd  has  a 
calorific  value  of  14,000  B.t.u.  per  jjound  and 
that  it  is  burned  under  a  boiler  at  an  elliciency 
of  70  per  cent.  Then,  the  useful  heat  gener- 
ated by  the  combustion  of  one  pound  of 
coal  is 

14,000X0.70  =  9,800  B.t.u. 

Therefore  the  total  number  of  pounds  of  coal 
saved  per  year  wdll  be 

9^625,000,000 
9,800 


=  981,000  pounds  or  490  tons. 


With  coal  at  $6.00  per  ton,  the  saving  in  cost 
of  coal  will  be  6X490  =  82940  annually. 

If  sufficient  water  power  were  available  so 
that  the  heater  could  be  operated  throughout 
the  entire  year  on  the  outlined  daily  duty 
cycle,  the  annual  sa^•ing  in  cost  of  coal  would 
be  .$5096;  while  if  the  heater  could  be  operated 
at  full  load  during  the  entire  time  of  operation 
of  the  mill  throughout  the  vear,  the  sa\-ing 
would  be  .S6430. 

The  first  cost  of  a  1000-kw.  heater,  installed 
complete,  including  transformer,  switchboard, 
and  all  bus,  cable,  and  ]Mping  connections  is 
approximately  .S7500.  Allowing  capital  and 
depreciation  charges  totalling  20  per  cent,  the 
net  annual  return  on  the  investment,  if  the 
heater  is  operated  only  30  weeks  per  year  and 
on  the  daily  duty  cycle  outlined,  will  be 
.•81440,  or  19.2  per  cent.  If  operated  52  weeks 
per  year,  the  return  wiU  be  48. 0  percent,  and 
if  operated  at  full  load,  b}  2  days  per  week,  52 
weeks  per  year,  the  net  annual  return  vnll  be 
65.8  per  cent. 

Of  course  in  these  calculations  the  cost  of 
power  for  the  heater  is  assumed  to  be  zero. 
This  is  the  correct  basis,  w^here  the  heater 
capacity  is  only  a  small  portion  of  the  generat- 
ing plant  capacity,  and  where  it  is  a  question 
of  running  the  generators  partly  loaded  with- 
out the  heater  or  more  nearly  fully  loaded  with 
the  heater. 

On  the  other  hand,  if  additional  generating 
capacity  must  be  installed  to  take  care  of  the 
heater,  then  the  fixed  charges  on  the  power 
plant  will  be  increased,  and  the  heater  must 
be  charged  with  its  share  of  the  power  costs. 
Under  these  conditions  it  would  become  a 
question  of  balancing  the  sa\-ing  in  fuel  against 
the  cost  of  power  for  operating  the  heater. 
If,  owing  to  the  geographic  location  of  the 
plant  the  cost  of  fuel  is  high  and  the  cost  of 
power  low,  the  installation  of  a  heater  will 
prove  economical. 
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If  the  various  factors  are  known,  it  can 
easily  be  determined  whether  the  installation 
of  an  electric  water  heater  will  be  economical. 
Let 

Cc  =  cost  per  2000-lb.  ton  of  coal. 
B.t.u.  =  B.t.u.  per  pound  of  coal. 

per  cent  efficiency  of  coal  burning  boiler. 
100 

KW  =  maximum  capacity  of  heater. 
i<ri  =  total  kw-hr.  input  to  heater  per  year, 
per  cent  overall  efficiency  of  electric  heater. 

Too 

Fc  =  annual  fi.\ed  charges  on  electric  lieater. 

C^  =  cost   per  kw-hr.  at  which  annual  ex- 
pense   of   operating    heater    will    just 
equal  saving  in  cost  of  coal. 
Then 


E,  =  '- 


E,.  =  '- 


2000  X  B.t.u.  X  El, 
3412  Xfi;, 
1.7  X  Eh  X  Cc 


(-fe)^ 


OrCk 


iv 
'Kh 


.(1) 


B.t.u.  X  Eb 
If  the  cost  Ck  figured  from  this  formula  is 
greater  than  the  actual  cost  of  power  genera- 
tion, then  the  installation  of  the  heater  will 
effect  an  economy  in  operating  expenses. 


To  determine  the  actual  net  saving  in  dol- 
lars per  year,  let 

Ca  =  actual  cost  of  power  per  kw-hr. 

S„  =  net   saving  per  year   due  to    electric 
heater. 
Then 

Sn={Ck-Ca)Kk 

^  /1. 7    X    EhX    Cc       ^\j.  r,  fo\ 

y^   B.t.u.  X  £-6  / 

To  exemplify  the  use  of  this  formula  we  will 
take  the  case  of  the  paper  mill  previously  con- 
sidered, using  1000  kw.  15  hours  per  day  and 
666  kw.  6  hours  per  day,  53^  days  per  week,  30 
weeks  per  year.  The  values  of  the  various 
quantities  in  formula  (2)  are  then 

G  =  $6.00  7v;,  =  3,134,340 

B.t.u.  =  14000  £^  =  0.90 

£(,  =  0.70  F,  =  $1500.00 

/\:„=1000  C"a  =  $0.00 

Substituting  these  in  (2)  we  have 

S„  =  |  r7iS,-;-^:^^^-o'^3,134,340  -  1500 


\  14C 


14000  X  0.70 
=  2940-1500 

=  $1440,  which  is  the  same  result  as  was 
arrived  at  in  the  foregoing 


Kt.'lS 


Characteristics  of  Some  Polyphase  Transformer 

Connections 


By  L.  I'.  Blimiv  and  A.  Boyajiw 

TkaNSKOKMKR  EnC.INKHKINC.   DkPARTMKNT,  CiKNKKAI.   ICi.kctkic  CoMI'ANV 

As  inactKally  all  ck'Ctrical  oiifiinocrs  are  confronlod  at  tiiiK'S  with  i)roljlc'ms  in  transformer  connections,  the 
following  article  has  been  prepared  to  facilitate  their  ready  solution.  The  article  is  in  the  nature  of  a  concise  and 
itemized  analysis  of  the  properties  of  the  usual  polyphase  connections  of  both  transformers  and  auto-trans- 
forniers.  Even  a  passing  inspection  of  this  contribution  will  reveal  its  (jreat  usefulness  as  a  work  of  refer- 
ence.—  KniniR. 


THREE-PHASE  TRANSFORMER 
CONNECTIONS 
Delta-Delta  Connection 


H.V 


Advantages 

1.  Any  three  similar  single-phase  trans- 
formers can  be  connected  in  delta  at  their 
rated  voltage,  whereas  it  would  not  always  be 
permissible  to  connect  them  in  Y. 

2.  The  bank  can  operate  in  open  delta 
when  one  of  the  tinits  is  disabled,  delivering 
86.6  per  cent  of  the  rated  kv-a.  of  the  remain- 
ing two  units.  Shell-type  three-phase  units 
must  have  their  disabled  phase  disconnected 
from  the  others  and  short  circuited.  Core- 
type  three-phase  units  must  have  their  dis- 
abled phase  disconnected  and  open  circuited, 
which,  howe\-er,  is  not  always  practicable. 

3.  This  connection  is  free  from  all  third- 
harmonic  voltage  troubles.  The  primary  and 
secondary  deltas  carry  the  third-harmonic 
magnetizing  current  which  does  not  appear  on 
the  lines. 

4-  For  relatively  low  voltages  and  high 
currents  the  delta  connection  gives  a  more 
economical  design  than  the  V  connection. 

Disadvantages 

1.  The  neutral  cannot  be  derived. 

2.  Differences  in  the  voltage  ratios  of  the 
imits    cause    a    circulating    current    in    both 


primary  and  secondary  windings  limited  only 
by  their  impedances. 

3.  Differences  in  the  impedances  cause  un- 
equal load  division  among  the  units. 

4.  For  very  high  voltages  the  delta  con- 
nection costs  somewhat  more  than  Y  con- 
nection. 

5.  Connection  of  Fig.  la  cannot  be  multi- 
pled  with  that  of  Fig.  lb. 

II.   Y-Y  Connection 


H.V. 


L.V. 


M.V. 


Advantages 

1  The  neutral  can  be  brought  out  for 
grounding. 

2.  Differences  in  ratio  and  impedance  of 
the  units  do  not  cause  any  circulating  currents 
or  appreciable  unequal  load  division. 

3.  For  relative!}-  high  voltages  and  small 
currents  the  Y-connection  is  generalh'  more 
economical  than  the  delta  connection. 

4.  A  short  circuit  in  or  on  one  unit  does 
not  cause  a  power  short  circuit ;  except  a  very 
large  magnetizing  current  due  to  the  over- 
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excitation    of    the    remaining    units    at    1.73 
times  rated  voltage. 

Disadvantages 

1.  The  neutral  is  unstable. 

2.  The  machines  cannot  be  loaded  single- 
phase  line  to  neutral  unless  the  neutral  of  the 
primary  is  connected  to  that  of  the  generator. 

3.  There  is  a  third-harmonic  voltage  from 
line  to  neutral  (although  it  does  not  appear 
between  lines)  amounting  to  as  much  as  50 
per  cent  in  single-phase  units,  and  shell-type 
three-phase  units,  and  3  or  4  per  cent  in  core- 
type  three-phase  units. 

4.  If  the  neutral  is  grounded,  this  third- 
hannonic  voltage  may  be  aggravated  by 
the  capacitance  charging  current  of  the 
lines,  and  m_ay  also  cause  telephone  inter- 
ference. 

5.  The  V-V  bank  can  not  operate  tem- 
porarily with  two  units  when  one  of  the  units 
is  disabled. 

6.  A  short  circuit  in  or  on  one  unit  raises 
the  voltage  of  the  other  units  to  1.73  times 
normal  value. 

7.  Fig.  2a  will  not  multiple  with  Fig.  2b. 

Recommendations 

Due  to  third-harmonic  voltage  troubles, 
the  Y-Y  connection  of  high-voltage  single- 
phase  units  or  shell-type  three-phase  units  is 
not  to  be  recommended  except  under  the  fol- 
lowing conditions  in  which  a  low-impedance 
path  is  offered  to  the  flow  of  the  third- 
harmonic  excitation  current  and  thereby  the 
third-harmonic  voltage  is  suppressed.     Thus: 

1.  When  the  neutral  of  the  primary  Y  is 
permanently  connected  to  the  neutral  of  the 
generator.  If  this  connection  is  opened 
through  any  cause,  the  third-harmonic  voltage 
reappears. 

"2.  If  the  neutral  of  the  secondary  3'  of  a 
step-up  bank  is  grounded  and  is  also  per- 
manently connected  to  a  grounded  V-primary 
delta-secondary  transformer.  The  third-har- 
monic excitation  current  then  circulates  be- 
tween the  two  banks.  In  this  case,  however : 
(a),  telephone  interference  should  be  taken 
into  consideration;  and  (b),  if  the  F-delta 
transformer  is  disconnected  from  the  lines,  or 
the  ground  on  its  neutral  disconnected,  or  its 
delta  opened,  the  third-harmonic  voltage  re- 
appears on  the  former  with  the  accompanying 
dangers  of  resonance. 

3.  If  the  secondary  Y  is  permanently  con- 
nected to  a  synchronous  converter  in  dia- 
metric fashion.  (See  Section  XXIV,  V- 
Diametric  Connection.) 


4-  If  the  neutral  of  one  Y  is  permanently 
connected  to  the  neutral  of  a  zigzag  auto- 
transformer  (directly  or  through  ground)  on 
the  same  lines. 

-5.  If  auxiliary  windings  (called  tertiary 
windings)  are  provided,  connected  in  delta. 

The  I'-l'  connection  of  core-type  three- 
phase  units  is  always  safe  whether  grounded 
or  isolated,  so  far  as  third-harmonic  voltage 
stresses  are  concerned.  However,  when  such 
a  unit  is  grounded  with  a  low-impedance  re- 
turn path  such  as  mentioned  above,  the  third- 
harmonic  current  in  the  neutral  and  lines  will 
be  appreciable  (although  not  as  large  as  with 
banks  of  single-phase  units  or  shell-type 
three-phase  units)  and  telephone  interference 
may  need  consideration. 

III.   Y-Zigzag  Connection. 


Advantages 

1.  The  neutral  of  the  zigzag  can  be 
grounded  without  any  third-harmonic  voltage 
trouble.  A  third-harmonic  voltage  appears  in 
each  coil  but  not  from  line  to  neutral  on  the 
zigzag  side. 

2.  The  machine  can  be  loaded  with  a  sin- 
gle-phase load  from  line  to  neutral  of  the 
zigzag. 

Disadantages 

1.  The  connection  requires  15  per  cent 
more  copper  for  the  zigzag  than  for  the 
equivalent  Y. 

2.  The  regulation  and  efficienc}'  are  liable 
to  be  somewhat  poorer  than  those  of  the 
equivalent  delta-V. 

Recom  mendations 

As  a  standard  connection  delta-!'  is  pref- 
erable to  the  V-zigzag  connection.  The  Y- 
zigzag  connection,  however,  may  be  advisable 
in  some   exceptional   cases   as,   for  instance, 


i'iL\k.\(  ri'Risru's  oi'  so.mic  I'oi^vniAsi';  'I'k.wsFokMicK  cowhctioxs     10:57 

wiiin   a    rlianm'    in    sysU'in    \■ulta^;c    is    con-  excited  leg  on  the  V  side  may  resonate  with 

templalud    and    the    traiisfoMners   may    tem-  llie  line  capacitance  and  cause  damajjc. 
porarih-     lie     oiieratcd    delta -zij^za}^     to    he 

cliaili^ed  later  on  to  V-7.i^Za>^.  V.  Open-Delta  or  V-V  Connection. 

IV.    Delia  Y  Connection. 


This  is  ijenerally  considered  to  be  the  most 
satisfactory  three-phase  connection. 

Advantages 

1.  The  neutral  can  be  brought  out  both  for 
grounding  and  for  loading. 

2.  The  neutral  is  stable,  being  locked  by 
the  delta. 

5.  The  connection  is  practically  free  from 
third-harmonic  voltages.  The  delta  circulates 
the  necessary  third-harmonic  magnetizing 
current. 

4.  Differences  of  magnetizing  current, 
voltage  ratio,  and  impedance  in  the  different 
units  are  adjusted  by  a  small  magnetizing  cur- 
rent circulating  in  the  delta. 

3.  A  short  circuit  in  one  leg  of  the  Y  does 
not  affect  the  voltages  on  the  secondary  lines. 

6.  A  single-phase  short  circuit  on  the 
secondary  lines  causes  a  smaller  short-circuit 
stress  on  a  delta- V  step-up  bank  than  on  a 
delta-delta  connected  one. 

7.  Connection  of  Fig.  4a  can  be  multipled 
with  that  of  Fig.  -ib  b\-  properly  selecting  the 
leads. 

Disadvantages 

1.  The  delta- V  bank  cannot  operate  tem- 
porarily with  two  units  when  one  of  the  units 
is  disabled. 

2.  A  short  circuit  on  or  in  one  unit  is  ex- 
tended to  all  three  units. 

3.  If  the  delta  is  on  the  primary  side  and 
should  accidentally  become  opened,  the  un- 


Advaitiages 

This  connection  requires  only  two  units  and 
is,  therefore,  useful  as  an  emergency  con- 
nection. 

Disadvantages 

1 .  The  internal  power-factor  being  SG.G  per 
cent  (assuming  unit}'  power-factor  load)  it  can 
deliver  only  80. 6  per  cent  of  its  rated  kv-a. 
capacity.  Hence,  it  is  not  very  desirable  for 
continuous  operation. 

3.  Load  voltages  become  unbalanced  under 
load,  even  with'  balanced  three-phase  load, 
the  magnitude  of  the  unbalancing  depending 
on  the  impedance  of  the  units  and  the  power- 
factor  of  the  load. 

,).  Parallel  operation  of  two-unit  banks 
with  three-unit  banks  is  uneconomical.    Thus: 


Three-phase  Capacity 


Number  of 
Transformers 

3 

Connection 

A 

of  Group  in  per  cent 
of  Single  phase  Rating 
100 

2 

A 

86.6 

2 
6 

A 

T 

A 

66.6 
100 

5 

A 

A 

80 

4 

A 

A 

36.6 

4 

A 

A 

BZ 

9 

A 

A 

A 

100 

7 

A 

A 

A 

91 

7 

A 

A 

A 

72 

3 

A 

A 

A 

88 

4.     Being  electrostatically  unbalanced,  the 
T-T'  connection  is  not' recommended  for  very 

high  voltage  sj'Stems. 
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VI.   T-T  Connection 


Advantages 

1,  This  connection  is  similar  to  the  V-  V  in 
that  it  requires  only  two  units. 

£.  The  voltage  acros.s  the  teaser  being  only 
86.6  per  cent  of  that  of  the  main,  the  core  loss 
in  this  connection  is  less  than  in  the  V-V  con- 
nection, assuming  similar  or  interchangeable 
units. 

3.  The  neutral  point  can  be  derived  and 
brought  out  for  grounding,  although  not  for 
loading  unless  the  two  halves  of  the  main  are 
interlaced. 

Disadvantages 

1.  Both  primary  and  secondary  sides  re- 
quire 50  per  cent  taps  which  are  not  required 
by  the  V-V  connection. 

2.  The  corresponding  halves  of  the  primary 
and  secondary  of  the  main  must  be  inter- 
laced, although  the  two  halves  of  one  winding 
need  not  be  interlaced  with  each  other  unless 
the  neutral  is  brought  out  on  that  side  and  it 
is  desired  to  be  able  to  load  the  neutral. 

3.  Similar  to  the  V-V  connection,  the 
ratio  of  output  to  rating  is  only  86.6  per  cent 
and  the  regulation  is  poor. 

THREE-PHASE   AUTO-TRANSFORMER 
CONNECTIONS 

General  Characteristics 

Advantages 

1.  For  a  given  output,  auto-transformers 
are  much  cheaper  than  transformers.  This 
economy  is  greater  the  nearer  the  high  and 
low  line  voltages  approach  each  other. 

2.  Auto-transformers  give  better  efficiency 
and  regulation  than  transformers.  This  ad- 
vantage also  increases  as  the  ratio  of  high  and 
low  line  voltages  approaches  unity. 

Disadvantages 

1.  The  high  and  low-voltage  windings 
being  continuous  (i.  e.,  in  metallic  connection), 
the   low-voltage    circuit    and    connected    ap- 


paratus are  liable  to  be  subjected  to  abnormal 
voltages  due  to  disturbances  and  grounds  on 
the  high-voltage  circuit.  This  is  particularly 
objectionable  when  there  is  a  large  difference 
between  the  high  and  low  voltages. 

2.  Short-circuit  currents  at  normal  excita- 
tion of  the  unit  are  larger  with  auto-trans- 
formers than  with  transformers,  and  the  more 
so  the  nearer  the  high  and  low  voltages  are 
alike.  It  often  is  impracticable  to  design  auto- 
transformers  to  withstand  the  thermal  and 
mechanical  effects  of  short  circuits. 

Since,  as  the  ratio  of  low-voltage  line 
potential  to  high-voltage  line  potential  de- 
creases, the  economy  decreases  and  insulation 
dangers  increase,  auto-transformers  are  usu- 
ally considered  only  when  the  low  voltage  is 
as  much  as  SO  to  90  per  cent  of  the  high  volt- 
age. A  low  voltage  not  less  than  50  per  cent 
of  high  voltage  may  be  considered  a  good  en- 
gineering limit  for  the  use  of  auto-transformers 
under  very  favorable  conditions. 

Recommendations 

Auto-transformers  may  be  recommended 
for  isolated  systems  provided  that  the  low- 
voltage  circuit  and  connected  apparatus  are 
designed  to  withstand  the  high-voltage  test 
potential.  They  may  be  recommended  for 
grounded  systems  provided  that  the  neutral 
of  the  auto-transformer  also  is  grounded. 

VII.   Y-Connection 


Advantages 

1 .  This  is  the  most  economical  and  there- 
fore most  common  auto-transformer  con- 
nection. The  ratio  of  rating  to  output  is 
Ei  —  Ei 


£i 


where    Ei    is    the    high-voltage    line 


potential    and    £2    is    the    low-voltage    line 
potential. 


ClIARACriCklS'l'ICS  Ol'  SOiMIC  I'OI.NI'IIASI'; 


A.\si-()kMi;k  connj<:c:tioxs     io;«< 


J.  The  lU'Ulr.il  m;iy  lie  dci'is'i'il  aiicl 
prouiulril  I'm-  ilu'  |}ri)ti.'i-lii)ii  nf  ilic  Idw-xoU- 
a>jc  i-ircnil  if  the  ^eiuTalnr  iR'Utral  also  is 
jjrouiuk'd. 

nisadvaiitai:,cs 

1.  Similar  to  the  Y-Y  collection  of  trans- 
formers (see  Section  II)  there  is  a  third - 
harmonic  xoltafje  from  line  to  neutral. 
Sinjjle-phase  and  shell-type  units  are  not 
recommended,  especially  if  the  neutral  is  to 
be  grounded.  Core-type  three-phase  units 
may  safely  be  used  either  grounded  or 
isolated. 

2.  The  machines  cannot  be  loaded  single- 
phase  from  line  to  neutral.  This  is  especially 
true  for  single-phase  units  and  for  shell-type 
three-phase  units.  Core-type,  three-phase 
units  may  give  tolerably  good  results.  The 
best  results  are  obtained  by  the  zigzag  con- 
nection. 

VIII.   V  or  Open-Delta  Connection 


nictiun  is  e<]ual  lol  0.577 -|-0. 577 


Thus, 


if  the  low-voltage  line  potential  is  50  fxjr  cent 
of  the  high  voltage,  the  delta  connection  re- 
([uires  l.l'.i  times  the  kv-a.  rating  of  the  Y- 
connection.  Therefore,  when  the  V-connec- 
tion  is  imdesirable  on  account  of  third - 
harmonic  voltage,  the  V  or  extended-delta 
connections  figure  out  more  economical  than 
the  delta  connection. 

X.   Extended- Delta  Connection 


Fig.  8 

1.  This    connection    is    free    from    third- 
harmonic  voltage. 

2.  The  ratio  of  rating  to  output  is  15  per 
cent  more  than  in  the  V-connection. 

IX.   Delta  Connection 


This  connection  has  characteristics  similar 
to  those  of  delta-delta  connected  trans- 
formers. 

/.     It  is  free  from  third-harmonic  voltage. 

2.  Theratioofratingtooutputis  ^  _„  ^  '^ 

1./3  £.1  Li 

3.  For  a  given  load,  the  ratio  of  the  kv-a. 
rating  of  this  connection  to  that  of  the  V-con- 


E, 
The  ratio  of  rating  to  output  is  1.73  j-,  ,  or 


£r 


\i 


-<iy- 


0.866  f^; 


where,  Ex  is  the  voltage  of  the  extended  por- 
tion. El  is  the  high-voltage  line  potential,  and 
E-2  low-voltage  line  potential. 

Recommendation 

When  the  low-voltage  is  less  than  92  per 
cent  of  the  high  voltage,  the  extended-delta 
connection  requires  a  smaller  rating  than 
either  the  straight-delta  or  I'-connections. 
When  this  ratio  is  greater  than  92  per  cent,  the 
F-connection  requires  the  least  rating  of  the 
three. 

XI.   Zigzag  Connection 


1.  This  connection  is  used  to  derive  a 
fourth  wire  for  four-wire  three-phase  distri- 
bution svstems,  such  as  2300 '4000  V  distribu- 


1040     December,  1919 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXII,  No.  12 


tion  systems,  when  this  wire  is  not  available 
at  the  generator  or  step-down  transformer. 

2.  With  balanced  three-phase  load,  neither 
the  neutral  wire  nor  the  coils  carry  any  current. 

3.  An  unbalanced  load  flows  in  the  neutral 
and  is  distributed  equally  in  all  three  phases. 

4-     The  neutral  may  be  grounded. 

5.  The  neutral  can  also  be  used  to  deriA'e 
the  neutral  of  converters  for  the  return  of  the 
unbalanced  direct  current  in  three- wire  direct- 
cuiTent  distribution  systems.  A  straight  1' 
could  not  be  used  for  this  purpose  (excepting 
three-phase  core-type  units),  it  being  nec- 
essary to  prevent  the  saturation  of  the  trans- 
former core  bjr  direct  current. 

6.  With  the  neutral  grounded,  a  ground  on 
one  of  the  lines  extends  the  short  circuit  to  all 
three-phases. 

XII.   Extended  Zigzag  Connections 


When  it  is  desired  to  transform  a  given  line 
voltage  to  some  other  value  for  four-wire  dis- 
tribution, either  one  of  the  two  extended  zig- 
zags shown  in  Figs.  12a  and  12b  may  be  used. 
The  first  zigzag  extension,  Fig.  12a,  distrib- 
utes the  neutral  current  equally  in  all  three 
phases  and  maintains  the  position  of  the 
neutral  (regulation)  better  than  in  the  case  of 
the  straight  extension.  Fig.  12b.  The  latter  is 
somewhat  simpler  to  build,  but  does  not  com- 
pletely eliminate  the  third-harmonic  voltage 
from  line  to  neutral  and,  in  addition,  has  a 
poorer  regulation  for  unbalanced  loads. 


THREE-PHASE  TWO-PHASE  TRANSFORMER 
CONNECTIONS 

XIII.   Balanced  T  or  Scott  Connection 


Advantages 

1.  This  connection  requires  only  two  sin- 
gle-phase units  or  one  two-phase  unit. 

2.  It  is  adaptable  to  either  three-wire  or 
four-wire  two-phase  service. 

3.  Both  two  and  three-phase  voltages  can 
be  obtained  on  the  primary  using  only  four 
line  wires  if  the  86.6  per  cent  tap  of  the  teaser 
is  connected  to  the  middle  of  the  main. 

Disadvantages 

1 .  The  two  halves  of  the  main  winding  on 
the  three-phase  side  must  be  interlaced. 

2.  With  interchangeable  units,  there  must 
be  provided  one  50  per  cent  tap  and  one  86. 6 
per  cent  tap  in  each  unit. 

3.  The  three-phase  side  carries  15  per 
cent  more  current  than  that  corresponding  to 
the  two-phase  side,  and,  therefore,  requires 
15  per  cent  more  copper. 

4.  If  the  interlacing  of  the  halves  of  the 
three-phase  side  of  the,  main  is  effected  by 
using  two  coils  in  multiple  on  the  two-phase 
side,  then  the  latter  also  carries  15  per  cent 
more  current  and  therefore  requires  15  per 
cent,  more  copper. 

5.  Combining  the  features  of  the  above 
items  3  and  4,  two  single-phase  units  in  Scott 
connection  can  deliver  only  86.6  per  cent  of 
their  combined  single-phase  kv-a.  rating. 

XIV.    Woodbridge  Connection 


3  PhQst  Side 


Z  PhQseSide 


Advantages 

1.     This  connection  has  an  internal  power- 
factor  of  100  per  cent  and  will,  therefore,  de- 
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li\-(.'f   l\vo-ph;isc   Ihroc-pliasc  ])o\V(.'r  (.-(lual    In 
its  siiij,'lo-|)!iasL'  ratinj,'. 

J.  'Plio  lliR'f-i)hase  sitic  can  l)c  coiincclod 
delta  ov  y,  inakin^j  it  possible  to  chanj^e  the 
system  voltage  witlimit  (liscardiiiL,'  the  trans- 
formers. 

Disadvaiita(:,cs 

1.  This  connection  is  not  adaptable  for 
three-wire  two-phase  ser\-ice,  and  has,  there- 
fore, not  become  popular. 

2.  Taps  are  impracticable  e.xcept  on  the 
three-phase  side. 

3.  The  multiplicity  of  windings  required 
generally  more  than  ofTsets  the  advantage  in 
economy  of  material,  and  for  this  reason  is 
very  seldom  used. 

4.  This  connection  requires  three  single- 
phase  units  or  one  three-phase  unit. 

COMBINED  TWO  AND  THREE  PHASE 


XVII.   Tnylor  Connection 


3  PhaseSide 


ZSc3  PhaseSide 


Of  the  connection  shown  in  Fig.  1.5,  the 
straight  three-phase  side  may  be  1'  or  delta. 
On  the  other  side,  both  two  and  thi-ee-phase 
power  maj'  be  obtained  from  four  \\-ires. 
It  is  suitable  when  the  three-phase  load  is 
predominant.  The  dimensions  of  the  smaller 
delta  are  15  per  cent  of  those  of  the  larger 
delta,  and  the  windings  whose  ^-oltages  are 
parallel  are  wound  on  the  same  core  leg. 


This  connection  is  similar  to  those  of  Sec- 
tions XV  and  XVI,  except  that  the  two-phase 
three-phase  side  requires  six  wires. 

THREE  PHASE    TWO-PHASE    AUTO    TRANS- 
FORMER  CONNECTIONS 

SCOTT  CONNECTED  AUTO-TRANS- 
FORMERS 


^ 


30      I     30 
"I       \ 

}♦ 30 *< 


J\ 


o d  irii — o 

r» — 20 w 


Three-wire  three-phase   to  four-wire   two- 
phase. 


K— 2&30-^ 
2«3  PhaseSide 

Fig.  16 


A 


30 


<!l^ 


20 


30 


/    y^'^ 


/>V\v 


or  Z0 

20      \  ^'J0 


3Z 


>• 30 -*j  I- 30 H 

Fig.  19 


20 


The  connection  of  Fig.  16  is  similar  to  that 
of  Section  XV,  except  that  it  requires  five 
wires  instead  of  four. 


Three-wire  three-phase  to  three-wire  two- 
phase. 
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THREE-PHASE   TO   SIX-PHASE 
CONNECTIONS 

XXIII.   Delta-Diametric  Connection 


This  connection  is  the  same  as  that  of  vSec- 
tion  XVIII,  except  that  the  ratio  of  voltages 
is  1  to  1.  The  main  carries  only  the  teaser 
current  which  divides  equally  in  the  two 
halves  of  the  main. 


30 

/20 


30 

20  \ 


h* 30  —  ■*^ 

ZPy^ase.  Voltage 
Equals  3  Phase 
Voltaqe. 


Fig.  23 

Advantages 

1.  The  delta  connection  of  one  side  elim- 
inates third-harmonic  voltage  troubles. 

2.  The  diametric  connection  of  the  six- 
phase  side  requires  only  three  coils  as  against 
six  required  by  the  double  delta  connection, 
and  is  therefore  more  economical. 

3.  The  diametric  connection  lends  itself 
more  conveniently  for  starting-taps  and 
switchgear. 

4.  The  neutral  of  the  diametric  connection 
may  be  brought  out  to  derive  the  neutral  of 
the  converter  for  three-wire  d-c.  service  ex- 
cept in  the  case  of  split-pole  converters. 

Disadvantages 

The  bank  cannot  operate  with  two  units 
when  one  breaks  down. 


This  connection  is  the  same  as  that  of  Sec- 
tion XVIII,  except  that  the  ratio  of  voltages 
is  100  per  cent  three-phase  to  70.7  per  cent 
two-phase. 


A 


XXIV.   Y-Diametric  Connection 


Fig..  24 


30    2ls  ^i 


cfo  0 6K5 

I    K  — 20 ^   I 

l*---30-~^, 
2  Phase  Voltaae  86.670 
of  3  Phase  Voltage.  No 
teaser  req^uired. 


This  connection  is  the  same  as  that  of  Sec- 
tion XIX,  except  that  the  ratio  of  voltager  is 
100  per  cent  three-phase  to  86. 6  per  cent  two- 
phase.  The  teaser  then  becomes  unnecessary 
and  can  be  left  out,  the  bank  operating  with 
only  one  single-phase  unit.  One  phase  of  the 
two-phase  load  takes  the  place  of  the  teaser. 


This  connection  has  the  advantages  of  the 
diametric  secondary,  and  is  free  from  third- 
harmonic  voltage  phenomena  when  operating 
converters,  except  split-pole  converters.  In 
the  first  case,  the  third-harmonic  excitation 
current  circtdates  through  the  diametric  coils 
and  converter;  in  the  latter  case,  the  third- 
harmonic  voltage  is  made  use  of  in  regulating 
the  voltage  of  the  converter  and  is  then  a  de- 
sirable feature. 

Recommendations 

Delta-diametric  and  V-diametric  are  the 
most  common  three-phase  to  six-phase  con- 
nections. Whether  the  primary  should  be  Y 
or  delta  is  determined  by  either  the  con- 
venience of  design  or  the  user's  preferences. 
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XXV.    Delta  Doiililc  Drltii  Connection 


.\Jvaiitai:,cs 

1.  The  bank  can  temporarily  opcraU'  with 
two  units  wlien  one  breaks  down. 

:2.  The  secondary  side  can  be  operated 
three-phase  without  change  of  voltage  and 
will  deliver  one  half  rated  load  operating  only 
one  of  the  deltas.  If  the  diametric  is  con- 
nected in  delta  for  three-phase  service,  the 
voltage  is  increased  15  per  cent  but  it  will  de- 
liver full  rated  load. 

Disadvantages 

1.  The  multiplicity  of  coils  in  the  second- 
ary tends  to  make  the  cost  somewhat  higher 
than  that  of  the  diametric  connection. 

2.  The  double-delta  secondary  is  ill- 
adapted  for  starting  taps  or  for  deriving 
the  neutral  of  converters  for  three-\\'ire  d-c. 
ser\'ice. 

XXVI.   Y-Double-Delta 


Tliis  is  a  jwssiblc  c()nnecti(jn  that  is  seldom 
used.  It  may  have  an  advantage  in  design 
and  cost  if  the  three-phase  voltage  is  very 
high  and  the  six-phase  voltage  very  low. 

XXVII.    T-Double  T  Connection 
^  I 


This  connection  is  not  much  used  for  three- 
jihase  to  six-phase  transformation  on  account 
of  its  low  ratio  of  output  to  rating  which, 
similar  to  T-T  connection,  is  only  86. (i  per 
cent;  and  it  is  also  not  well  adapted  for  start- 
ing taps. 

TWO-PHASE   TO   SIX-PHASE    CONNECTIONS 
XXVIII 


r— E— *' 


This  connection  is  the  one  commonly  used 
for  two-phase  to  six-phase  transformation. 
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Single  Light  Compared  with  Cluster  Units  for 
Street  Lighting 

By  S.  L.  E.  Rose  and  H.  E.  Butler 
Illuminating  Engineering  Labor,\tory,  General  Electric  Company 

This  article  deals  with  two  types  of  ornamental  incandescent  street  lighting  unit,  the  old  five-light  cluster 
unit  of  ball  globes  and  the  modern  single-light  Novalux  unit.  It  points  out  the  inefficiency  of  the  cluster  unit 
and  presents  data  to  show  why  this  type  of  unit  should  be  discarded.  The  various  equipments  available  for 
the  single-light  Navalux  unit  are  a  strong  point  in  its  favor,  as  these  enable  the  many  conditions  of  orna- 
mental street  lighting  to  be  met  successfully. — Editor. 


"Comparisons  of  ornam-.ental  street-light- 
ing systems  must  include  an  analysis  of  both 
the  architectural,  or  esthetic,  and  the  engineer- 
ing features.  One  attempting  to  reach  definite 
conclusions  in  a  subject  such  as  this  will  find 
his  progress  handicapped  by  the  lack  of  defi- 
nite standards  by  which  to  measure  the  vari- 
ous factors  entering  into  the  problem.  The 
most  one  can  do  is  to  establish  facts  and  thus 
make  available  information  which  will  enable 
him  to  draw  his  own  conclusions,  attributing, 
in  his  opinion,  the  proper  credit  to  these 
different  factors.  Other  considerations  de- 
mand the  attention  of  the  designer  of  an 
ornamental  street-lighting  system,  such  as 
the  appropriation  available  for  the  work  and 
the  general  character  of  the  street;  that  is, 
the  nature  of  the  business  establishments  or 
residences  bordering  upon  .it,  whether  the 
street  is  used  for  commercial  traffic  or  as  a 
pleasure  drive,  whether  it  has  shade  trees, 
its  width,  etc.  The  degree  to  which  these 
factors  deserve  consideration  depends  largely 
upon  local  conditions,  and  no  attempt  will  be 
made  to  discuss  them  here,  as  no  purpose 
would  be  served  except  the  expression  of  the 
authors'  personal  opinions. 

"The  strictly  architectural  phase  of  the 
question  also  may  be  said  to  be  to  a  great 
extent  a  matter  of  personal  choice.  No  two 
designers  would  be  likely  to  furnish  the  same 
design  of  standard,  but  it  does  not  follow  that 
they  would  condemn  the  design  of  a  colleague. 
This  leads  one  to  believe  that  there  must  be 
some  general  rules  which  should  be  followed 
in  order  to  satisfy  architecturally  the  con- 
ditions of  the  problem.  An  effort  to  determine 
whether  the  single-light  standard  or  cluster 
standard  best  meets  the  general  conditions 
for  ornamental  street  lighting  has  shown  the 
single-light  standard  to  be  the  favorite.  It  is 
claimed   that   the   cluster   adds   too   large  a 

*From  '■Ornamental  Street-lighting  Systems  Compared,"  by 
H.  E.  Mahan  and  H.  E.  Butler.  Electrical  World,  July  24,  1915, 
page  ISO. 


Structure  to  the  street,  proving  to  be  an 
obstruction  and  unsightly  object;  that  the 
maintenance  and  initial  cost  of  installation 
is  high;  and  that  outages  have  a  very  much 
more  disturbing  influence  on  the  system  as  an 
ornamental  whole,  a  partly  illuminated  stand- 
ard being  much  more  objectionable  and  notice- 
able than  one  entirely  dark.  In  addition  to 
eliminating  the  disadvantages  of  the  cluster 
system,  the  single-lamp  standard  presents  a 
more  dignified  ornament,  adding  to  rather 
than  detracting  from  the  general  appearance 
of  the  street  under  both  day  and  night  con- 
ditions. Leaving  the  question  of  esthetics 
to  be  argued  pro  and  con  by  those  most  qual- 
ified to  do  so,  the  engineering  side  of  the 
qviestion  demands  attention. 

"Engineering  has  to  deal  with  the  physical 
phases  of  the  problem,  which  is  capable  of 
\'ery  accurate  representation,  and  j^et  one 
finds  among  the  profession  an  inability  to 
agree  as  to  what  should  and  should  not  be. 
In  investigating  this  branch  of  street  lighting 
the  authors  have  confined  their  consideration 
to  the  distribution  of  light,  comparing  equip- 
ments typical  of  the  cluster  and  single-light 
systems."* 

Since  the  foregoing  was  written,  a  number 
of  new  equipments  have  been  designed  and 
developed  for  the  single-light  unit,  and  it  is 
the  purpose  of  this  article  to  give  illLunination 
data  on  these  new  equipments  so  that  a  com- 
parison may  be  made  between  them  and  the 
cluster  standards.  Photographs  of  all  the  units 
compared  in  this  article  are  shown  in  Fig.  1. 

In  some  recent  installations  on  wide  busi- 
ness streets  in  large  cities  two  or  three  mod- 
ern high  candle-power  units  have  necessarily 
been  placed  on  one  pole  in  order  to  get  the 
desired  intensity,  but  they  are  mounted  25  to 
30  feet  above  the  street  and  therefore  are 
not  subject  to  the  criticisms  that  are  pointed 
out  in  this  article  concerning  the  old  5-light 
cluster  mounted  10  or  12  feet  high. 


sixc.i.i';  i.iciiT  ((i.\ii'.\Ki;i)  w  nil  ci.rsii-k  tnits  for  s'ri<i-;i;'i-  i.k.ii'iinc-  hmo 
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Fig.  2-      Comparison  of  a  Cluster  Unit  and  Several  Single  Units  for  Street  Illumination  by  the  Series  Syste 
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Figs.  4-a  and  4-b.      Charts  of  Comparative  Distribution  and  Illumination 

A:    Form  8  Novalux  ornamental  unit,  three-section  stippled  globe.  Holophai 

prismatic  dome  refractor,  with  600-c-p.  Mazda  C  series  lamp 
B:  Novalux  ornamental  unit,  Genco  glass  ball,  with  600-c-p.  Mazda  C  seri 
lamp 
Illumination    calculated    on    street    surface    along   center   line    of    stree 
Height  of  units  lo  ft. 
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Figs.  5-a  and  5-b.      Charts  of  Comparative  Distribution  and  Illumination 

A:     Form    8    Novalux    ornamental    unit,    three-section    stippled    glass    globe, 

Holophane  prismatic  dome  refractor,  with  300-watt  Mazda  C  multiple  lamp 
B:  Novalux  ornamental  unit.  Alba  glass  ball  globe,  with  300-watt  Mazda  C 
multiple  lamp 
Illumination    calculated    on    street    surface    along   center   line    of    street. 
Height  of  units  15  ft. 
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Figs.  6-a  and  6-b.      Charts  of  Comparative  Distribution  and  111 

Form    9    Novalux    ornamental    unit,    eight-panel    stippled    glass    globe. 
Holophane  prismatic  dome  refractor,  with  600-c-p.  Mazda  C  series  lamp 
Novalux  ornamental  unit,  Genco  glass  ball  globe,  with  600-c-p.  Mazda  C 
series  lamp 

treet    surface    along    center    line    of    street. 
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Figs.  7-a  and  7-b.      Charts  of  Comparative  Distribution  and  Illumination 

l;    Form  9  Xovalux  ornamental  unit,  eight-panel  stippled  glass  globe.  Holophane 

prismatic  dome  refractor,  internal  reflectors  top  and  bottom,  white  porcelain 

enamel  reflecting  surface,  with  .300-watt  Mazda  C  multiple  lamp 

?.     Xovalux   ornamental  unit.  Alba  glass  ball  globe,    with   300-watt    Mazda    C 

multiple   lamp 

Illumination    calculated     on    street     surface    along    center    line    of    street. 

leight  of  units  15  ft. 
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Figs.  8-a  and  8-b.     Charts  of  Distribution  and  Illumination 

.■l:    Form  8  Xovalux  ornamental   unit,   Genco  glass  globe,  internal  reflector 

with  600-c-p.  Mazda  C  series  lamp 
B:    Novalux  ornamental  unit,  Gencp  glass  ball  globe,  with  600-c-p.  Mazda  C 
series  lamp 
Illumination    calculated    on    street  surface    along    center  line    of    street. 
Height  of  units  15  ft. 


SIXCLl'   LIC.Il  r  ro.MI'AKi;!)  WITH  CM.IS'I'ICR  LNI'I'S  for  STklCKT  I.IC.IlTINd     lO.VJ 


When  oriiainciUal  slrccl  lij^liliiij;  was  lirsi 
attempted  there  were  \w  sinj^le  units  of  sulli- 
cient  camlle-innver  iiUeiisil\-  available  and  it 
was  necessary  to  eoml)ine  several  smaller  ones 
on  a  sinjjle  ])ole;  hence  the  cluster  standard 
came  into  use.  liven  a  live-light  cluster  was 
not  a  hij^h  candle-power  unit  in  the  modern 
sense,  and  therefore  they  were  mounted  on 
10  to  12-foot  poles. 

This  unit  served  its  puri^ose  at  the  time 
when  there  was  no  other  unit  available,  but 
at  the  present  time  when  more  attractive  and 
efficient  units  are  on  the  market  there  is  no 
excuse  for  extending  present  cluster  systems 
or  installing  new  ones  and  e^•ery  reason  why 
existing  systems  should  be  replaced  by  single- 
light  units  as  rapidly  as  is  practical. 

There  are  several  objections  to  the  old 
five-light  cluster  unit  as  compared  with  the 
single-light  imit,  such  as  higher  maintenance, 
too  much  glassware  in  view  in  the  daytime, 
uneven  appearance  at  night  if  one  or  more 
of  the  lamps  is  not  burning,  the  spread  of 
the  arms  tend  to  make  the  street  appear 
narrower  than  it  really  is,  etc.  A  number  of 
small  lamps  are  not  as  efficient  light  pro- 
ducers as  one  large  lamp  of  equal  wattage, 
and  the  efficiency-  of  the  cluster  is  still  fur- 
ther reduced  by  the  interference  of  the 
globes  and  arms  which  obstruct  some  of  the 
light.  With  the  single-light  standard  there 
are  a  number  of  equipments  to  select  from 
to  suit  various  conditions  while  with  the 
cluster  standard  only  one  equipment  is  avail- 
able. 

Two  charts  have  been  prepared,  compar- 
ing the  cluster  with  various  equipments  of 
the  single-light  unit  type.  Fig.  2  using  series 
lamps  and  Fig.  3  using  multiple  lamps.  These 
charts  show  the  characteristic  candle-power 
distribution;  the  illiimination  along  the  center 
line  of  the  street  with  two  arrangements  of 
units,  staggered  and  parallel;  a  tabulation  of 
watts  per  linear  foot;  average,  maximum,  and 
minimum  foot-candles;  and  the  ratio  of  mini- 
mtun  to  maximum  foot-candles  which  is  a 
measure  of  the  uniformity  of  the  illirmination. 

These  charts  indicate  the  various  types  of 
distribution  which  may  be  obtained  with  the 
single-light  unit.    Bv  using  the  most  efficient 


efiuiijmenl  on  the  single-light  unit;  viz.,  three- 
section  stippled  globe  and  Ilolophane  pris- 
matic dome  refractor,  the  minimum  illumi- 
nation on  the  street  is  about  2I2  times  that 
from  the  cluster  unit.  Comparisons  of  the 
other  equipments  may  be  made  from  the 
charts. 

In  thearticle, "  Ornamental  Utilitarian  Street 
Lighting  Units,"  Ge.verai-  Electric  Re- 
view, June,  1!HS,  page  4.'JU,  Fig.  1,  a  com- 
])arison  was  made  between  the  single  ball- 
globe  unit  and  the  single-light  unit  with 
three-section  stippled  globe  and  dome  refrac- 
tor with  units  on  one  side  of  street  only, 
which  showed  a  great  advantage  in  street 
illumination  for  the  latter  unit.  In  this 
article.  Figs.  4-a  and  4-b,  the  same  two  units 
are  compared  with  units  on  both  sides  of  the 
street  with  series  lamps;  Figs,  o-a  and  5-b,  the 
same  units  with  multiple  lamps.  Figs.  6-a, 
(i-b,  7-a  and  7-b  compare  the  ball-globe 
unit  with  the  single-light  standard  with  eight- 
panel  stippled  glass  globe  and  dome  refractor 
both  with  series  and  multiple  lamps,  and  it 
will  be  noted  that  the  illumination  on  the 
street  is  superior  with  the  modern  type  unit. 

In  some  cases,  however,  it  may  not  be 
desirable  to  use  the  stippled  glass  globe  and 
dome  refractor,  and  to  meet  these  conditions 
a  very  fine  ornamental  unit  is  available 
which  uses  a  diffusing  glass  globe  of  pleasing 
appearance  and  gives  a  little  higher  minimum 
illumination  on  the  street  than  the  single 
ball-globe  unit.  This  comparison  is  made 
for  the  series  lamps  only,  in  Figs.  S-a  and 
S-b.  but  would  also  hold  practically  the 
same  if  multiple  lamps  were  used.  Of  course 
the  external  appearance  of  the  units  is  the 
same  for  series  or  multiple  lamps. 

Xight  and  day  photographs  of  typical 
installations  of  some  of  these  units  are  given 
in  Figs.  9  to  16  which  will  give  some  indication 
of  the  advantages  for  street  illimiination  and 
general  appearance  of  the  modem  type  light- 
ing units.  A  study  of  these  charts  convinc- 
ingly reveals  the  fact  that  the  modem  Xova- 
lux  single-light  unit  is  not  only  more  efficient 
than  the  older  type  of  cluster  units,  but  gives 
the  street  a  much  better  appearance  both  by 
dav  and  bv  night. 
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Cooling  of  Transformer  Windings  After  Shut-down 

By  V.  M.  MONTSINGER 

Transformer  Engineering  Department,  General  Electric  Company 

This  article  deals  -with  the  advantages  and  disadvantages  of  various  possible  methods  of  determining 
temperature  corrections  for  the  cooling  of  transformer  windings  after  shut-down. — Editor. 


General 

To  determine  the  average  temperature  rise 
of  any  type  of  electrical  winding,  the  resist- 
ance method  must  be  used.  For  alternating- 
current  types  of  apparatus  it  is  obvious  that 
the  resistance  cannot  be  measured  while  the 
apparatus  is  under  load  conditions.  There- 
fore, when  subjecting  a  transformer  to  a  heat 
test  to  determine  its  average  temperature 
rise,  it  is  necessary,  after  conditions  have 
become  constant,  to  disconnect  the  excitation 
and  loading  lines  and  to  connect  on  a  pair 
of  resistance  lines.  The  time  required  to 
change  these  connections  and  to  allow  for 
the  direct  current  to  become  steady  will 
ordinaril}'  range  from  one  to  three  or  four 
minutes.  The  cooling  of  oil-immersed  trans- 
former windings  during  this  period  of  time 
will  range  from  approximately  one  to  ten 
or  twelve  degrees  C.  In  order,  therefore,  to 
determine  the  operating  temperature  it  is 
necessary  always  to  apply  a  correction  to  the 
observed  temperature. 

Although  various  methods  have  been  pro- 
posed for  making  this  correction,  apparently 
very  little  if  any  information  has  ever  been 
pubhshed*  on  the  subject.  It  is  the  purpose 
of  the  writer  to  discuss  in  this  article  these  , 
different  methods. 

Cooling  Curve  Method 

Under  ideal  conditions  the  ' '  Cooling  curve ' ' 
method,  Fig.  1,  is  of  course  the  most  accurate. 
Ideal  conditions,  however,  are  not  alwaj's 
possible  under  commercial  conditions. 

To  obtain  accurate  results  by  the  cooling 
curve  method  it  is  necessary  either  to  obtain 
accurate  readings  -ndthin  one  or  two  minutes 
after  shut-down  or  to  plot  the  "rate  of  cool- 
ing" vs.  "time"  on  semi-log  paper.  Fig.  2,  for 
three  or  four  minutes'  time  after  the  readings 
are  reliable.  This  gives  a  straight  line  and 
hence  the  rate  of  cooling  at  any  instant  after 
shut-down  can  be  determined.  The  sum  of 
the  rates  for  the  time  elapsed  between  shut- 
down and  the  time  when  reliable  readings 
are  obtained  added  to  the  temperature  at 
this  time  gives  the  temperature  at  the  instant 
of   shut-down.      For   instance,    according   to 

*See  Proc.  A.I.E.E.,  Apr..  1917.  "Cooling  of  Oil-immersed 
Transformer  Windings  After  Shut-down,"  by  V.  M.  Montsingcr. 


Fig.  2,  the  average  rates  of  cooling  during 
the  first  and  second  minutes  of  the' cooling 
curve  in  Fig.  1  are  0.9  and  0.74  deg  C, 
respectively.  1.64  added  to  54.6  deg.,  which 
is  the  temperature  at  two  minutes  after 
shut-down  (Fig.  1),  gives  56.24  deg.  C,  the 
temperature  at  the  time  of  shut-down. 

Any  one  who  has  had  experience  in  taking 
cooling  curves  on  transformer  windings  will 
agree  with  the  statement  that  unless  very 
special  precautions  are  taken  in  taking  the 
readings,  or  unless  the  readings  are  plotted 
on  both  coordinate  and  semi-log  paper  as 
shown  in  Figs.  1  and  2,  it  is  possible  to  get 
almost  any  temperature  at  shut-down.  This 
is  well  illustrated  in  Fig.  1  where  the  first  three 
or  four  readings  are  so  high  that  it  would  be 
practically  useless  to  try  to  extrapolate  back 
to  shut-down  time  with  any  degree  of  accu- 
racy without  the  use  of  semi-log  paper. 

The  first  three  or  four  readings  in  Fig.  1 
are  high  due  to  the  inductive  effect.  That 
is,  when  direct  current  is  suddenlj^  thrown 
on  a  coil  siurounding  an  iron  core,  the  induct- 
ance in  some  cases  delays  the  rise  of  current 
for  a  considerable  length  of  time  and  if  the 
current  is  read  before  this  inductive  eft'ect 
disappears  the  result  is  that  the  indicated 
temperature  is  higlier  than  the  true  tem- 
perature. The  maximum  time  required  for 
the  inductive  effect  to  disappear  is  about 
one  minute  after  the  switch  is  closed.  This 
effect  is  not  pronounced,  however,  on  all 
windings,  but  possibh^  in  one  case  out  of 
every  five,  and  is  Ulcely  to  occur  ■nath  either 
the  "drop  in  potential"  or  "Wheatstone 
bridge"  method  of  taking  resistance.  Con- 
trary to  the  usual  impression,  it  is  not  always 
greater  for  high  than  for  low-voltage  \\'ind- 
ings;  see  cooling  curves  of  2200-volt  dis- 
tribution transformer  windings,  Fig.  13. 

Furtliennore,  as  cooling  curves  cannot  be 
observed  simultaneoush'  on  both  the  high- 
voltage  and  low-voltage  windings,  this  method 
would  require  that  two  heat  runs  be  made  on 
each  transformer. 

The  fact  remains  that  although  the  cooling 
curve  method  is  the  most  accurate  when 
appHed  wdth  laboratorj^  care,  it  is  rarely  ever 
used  because  it  is  laborious  and  expensive. 


c'ooi.ixt;  ()|-  rK.\.\si'()kMi;K  \vi.\i)i.\(-s  aI'TICR  siilt-dowx 


lO.'j 


Arbitrary  Correction 

By  the  arl)ilniry  conri-tion  nu'llioil  a 
staiuiard  ci)rrectii)H  of,  say  one,  one  and  nni' 
half  or  two  dejjrcfs  C.  i)cr  minute  is  added 
for  all  sizes  of  any  one  type  of  transformer. 

The  ad\antaKes  of  this  method  are  sim- 
|)licity  and  ease  of  ai)|)liealion.  The  ohjeetion 
is  that  it  is  liable  to  oonsideralile  error. 
Generally  speaking',  the  coi)|)cr  loss  of  water- 
cooled  transformers  will  vary  from  about  six 
to  2")  watts  jier  lb.  If  an  arbitrary  eorrection 
of  say  two  dej^rees  C.  per  minute  is  adojjted. 
Table  I  shows  errors  (plus  or  minus)  which 
are  liable  to  be  made  for  this  particular  type 
of  apparatus. 

In  cases  where  transformers  operate  on 
short-time  overloads,  or  on  duty-cycle  opera- 
tion, the  error  would  naturally  be  greater 
than  given  in  the  table. 

The  foregoing  method  would  also  put  a 
premium  on  using  high  current  densities. 

It  does  not  seem  ad\'isable,  therefore,  to 
use  this  arbitrarv  method  of  correcting  back 
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Minutes  After  Shutdown 


Fig-  1-     Coding  Curve  of  High-voltage  Winding  of  a  60-cycle 
400  kv-a   5000  2300-volt  Core-type  Transformer 


to  the  instant  of  shut-down,  for  all  types  of 
oil-immersed  windings.  It  can,  however,  be 
used  for  distribution  transformers  of  100-kv-a. 
and  less  capacity  because  the  copper  density 
does  not  vary  to  any  great  extent  in  these 
sizes. 


Theoretical  Correction 

A  purely  theoretical  calculation  of  the 
cooling  after  shut-down  on  a  commerc-ial 
basis  is  not  feasible  for  the  reason  that  it  is 
too  ]al)orif)us.  I'-urthcrmorc,  for  oil-immersed 
windings,   where   the   base  or  ambient   tern- 
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Fig-  2       Rate  of  Cooling  Curve  Taken  frcm  Fig.  1  and  Plotted 
with  Semi-logarithmic  Co-ordinates 

perature  (oil  in  ducts  and  surrounding  the 
coils)  is  not  known  and  cannot  very  well  be 
determined,  it  is  extremely  difficult  if  not 
impossible  to  calculate  the  rate  of  cooling  by 
a  theoretical  formula. 

Partial  Theoretical  and  Partial  Empirical  Correction 
I  Copper  Loss  Method  i 
Due  to  the  fact,  however,  that  one  trouble- 
some factor,  insulation,  when  considered  from 
a  theoretical  standpoint  has  opposite  and 
approximately  equal  effects  on  the  cooling 
after  shut-down,  it  is  possible  to  neglect  the 
insulation  and  use  curves  based  upon  a 
partially  theoretical  and  partially  empirical 
formula.  For  instance,  an  increase  in  instila- 
tion  of  copper  windings,  other  conditions 
being  the  same,  ob\'iously  retards  the  rate  of 
cooling  after  shut-down.  But,  when  insula- 
tion is  added,  the  initial  temperature  is 
almost  alwavs  increased  and  an  increase  in 


CALCULATED  COOLING 
BY  CURVES  IN-  FIG.  7 

Cooling  by 

Arbitrary  Correction 

of  2  De?.  Cent. 

per  Minute 

Maximum 

Shut-down 

6  Watts                 ■                25  Watts 
per  Lb.                                   per  Lb. 

Error 

2 
4 

2.0  deg.  C.                     8.0  deg.  C. 
3.5  deg.  C.                    12.5  deg.  C. 

4  deg.  C. 
8  deg.  C. 

4  deg.  C. 
4.5  deg.  C. 
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the  initial  temperature,  other  conditions 
being  the  same,  has  the  effect  of  accelerating 
the  rate  of  cooling  after  shut-down.  It  so 
happens  that  these  two  opposite  effects  are 
so  nearly  equal  (for  a  limited  time  after 
shut-down  of  course)  that  the  effect  of  insula- 
tion can  be  entirely  neglected.  This  greatly 
simplifies  matters  because  with  the  selection 
of  the  proper  empirical  constant  and  insula- 
tion space  factor  a  simple  formula  can  be 
deduced  from  the  theoretical  formula  and 
the  only  factors  to  consider  are  the  time  and 
the  copper  loss  or  watts  per  pound  of  copper, 
which  is  easily  determined. 

Theoretical  Calculation  of  Cooling 

When  loss  of  heat  energy  is  proportional 
to  temperature  rise,  the  cooling  of  a  body 
takes  place  according  to  a  "dieaway"  curve 
which  is  expressed  by  the  fonnula 

e,  =  eo^--^'  (1) 

in  which 

6i  =  temperature  rise  at  any  time  t  of  the 

body  over  its  ambient  temperature. 

9o  =  initial    temperature    rise    or   rise    at 

shut-down. 
e  =  base  of  Naperian  logarithms. 
/3  =  constant. 
/  =  time. 
Equation    (1)    may    be    put    into    a    more 
convenient  form  by  changing  signs,   adding 
do  to  both  sides  and  then  putting  {do~6t)  =6, 
where  6  is  the  cooling  in  degrees  centigrade. 
We  no^^'  ha\-e 

0  =  ^0  (I -€^^0  (2) 

Differentiating  equation  ( 1 )  with  respect  to 
time,  when  ^  =  0  the  constant  13  is 
_   initial  rate  of  cooling 
initial  temperature  rise 


Initial  Rate  of 

The  initial  rate  of  cooling  depends  upon  the 
thermal  capacity  of  the  body  being  cooled. 
Transformer  windings  consist  mainly  of 
copper  and  fibrous  insulation.  The  themial 
capacity  or  energy  in  joules  required  to  raise 
the  temperature  of  copper  one  degree  centi- 
grade equals  the  weight  of  copper  times  the 
number  of  grams  in  one  pound  times  the 
specific  heat  of  copper  times  the  number  of 
joules  in  one  calorie  =  H'X453.6X0.0935X 
4.185  =  177.5  W,  where  W  is  the  weight  in 
pounds.  The  rate  of  heat  storage  in  copper 
which  is  the  same  as  the  initial  rate  of  cooling 

•J                       ■     ^    •    60Xwatts     „„„„„' 
m  degrees  per  mmute  is    , ,,.   =0.338  \r c 

W  (  .0   II 


where  Wc  is  the  watts  per  pound  of  copper. 

The  thermal  capacity  of  most  insulating 
materials  by  volume  ranges  from  about  one 
third  to  one  half  that  of  copper.  Tests 
indicate  that  for  impregnated  insulations  the 
value  of  one  half  is  more  nearly  correct. 
For  an  insulated  copper  conductor  or  coil  the 
initial  rate  of  cooling  is  then 

=  0.338  w/^)  =  '-^^^ 
\A+aJ         A+a 

in  which 

a  =  the  cross  sectional  area  of  the  copper 
A  =  the  cross  sectional  area  of  the  copper 
plus  the  insulation. 

We  now  have 


f  0.676  A  +a\ 


(3) 


Effect  of  Insulation  and  Initial   Temperature 
Rise  on  Rate  of  Cooling 

It  is  the  difficulty,  for  the  usual  trans- 
former winding  complicated  by  oil  ducts, 
etc.,  of  determining  accurately  the  initial 
rise  that  makes  it  difficult  to  calculate  the 
cooling  by  this  formula.  For  instance,  for 
a  transformer  winding  with  numerous  oil 
ducts  the  ambient  temperature  is  the  oil  in 
the  ducts  and  the  oil  surrounding  the  coil 
stack.  While  the  oil  surrounding  the  coil 
stack  remains  fairly  constant  for  the  first 
five  minutes  after  shut-down,  the  oil  in  the 
ducts  is  moving  through,  just  after  shut- 
down, at  the  same  rate  it  was  before 
shut-down.  Since  this  moving  oil  is  influ- 
enced by  the  temperature  of  the  coils,  and 
since  the  temperature  of  the  coils  is  decreas- 
ing after  shut-down,  the  temperature  of  this 
oil  in  the  ducts  is  also  decreasing. 

In  other  words,  if  we  consider  the  tem- 
perature of  the  oil  in  the  ducts  as  the  ambient 
temperature,  we  have  a  constantly  decreasing 
ambient  temperature  which  would  be  trouble- 
some to  deal  with  in  making  calculations. 
On  the  other  hand,  if  we  consider  the  oil 
surrounding  the  coil  stack  (i.e.,  neglecting 
that  in  the  ducts)  as  the  ambient  tem- 
perature, we  must  take  into  consideration 
the  thermal  capacity  of  the  oil  in  the  ducts. 
This  also  would  be  difficult  to  do  because  as 
previously  stated  this  oil  is  not  stationary. 
However,  in  the  case  of  a  single  coil  immersed 
in  oil  where  conditions  are  not  complicated 
by  oil  ducts  fairly  accurate  calculations  can 
be  made  by  the  use  of  formula  (3). 


t'OOl.lNC.   (  »1'    IR.WSI-i  Ik  Ml 


\vi.\i)i\c,s  Ai- ri:k  siiu'i-uovvx 


K ».')!» 


For  oxaniplf.  Talilc  II  shows  the  ti'Stcil 
and  calciilaU'd  roolinj;  (hy  formula  'A)  of  two 
oil  immersed  cylindrical  coils  (Fij;.  -i)  operated 
side  by  side  under  identical  conditions,  excciJt- 
injjtliat  one  had  hea\'\'insulalit)nand  the  other 
lijjht  insulation.  Both  coils  were  wound  on  a 
foundation  rin^  or  cylinder,  -10  mils  in  thick- 
ness, and  consisted  of  0.2  X().().").')-in.  edge- 
wound  conductor  with  a  21 -mil  two-side  cot- 
ton coverinj];.  Fifteen  layers  of  0.012-in.  var- 
nished cambric  was  wrapped  on  both  the 
inside  and  outside  surface  of  one  coil,  while 
the  other  coil  was  gi\en  no  extra  insulation. 

From  Table  II  it  will  be  noted  that  b>- 
both  tests  and  calculations  the  coil  \\-ith 
heavy  insulation  and  high  initial  tempera- 
ture rise  at  first  cools  at  a  slower  rate 
than  the  coil  with  light  insulation,  but  that 
finally  the  cooling  becomes  greater.  Also 
both  coils  cool  at  approximately  the  same 
rate  for  the  first  five  or  six  minutes.  The 
results  of  these  tests  suggested  to  the  writer 
that  it  might  be  possible  to  neglect  both  the 
insulation  factor  and  the  initial  temperature 
rise  of  the  coils  in  calculating  the  cooling 
after  shut-down. 

However,  other  conditions  had  to  be 
satisfied  before  drawing  this  conclusion. 
That  is  to  say.  insulation  is  not  always  added 
in  such  a  manner  as  to  increase  the  initial 
temperature  so  greatly  as  in  the  foregoing 
case.  This  is  true  when  the  strand  insulation 
is  increased,  the  space  factor  being  changed 
such  that  the  surface  loss  (watts  per  sq.  in.) 
is  decreased.  Or  in  other  cases  the  coil  may 
consist  of  several  turns  per  layer  ^\'ith  hea^•^" 
layer  insulation  thus  producing  a  thick  coil. 
This  latter  st}ie  of  coil  is  found  mostly  in 
distribution  transformers  of  100  kv-a.  and  less. 

To  make  calculations  by  formula  (3)  of 
the  cooling  after  shut-down  of  coils  ^-ith 
different  strand  insulations  (other  conditions 
being  the  same)  it  is  first  necessary  to  estab- 
lish the  relation  between  strand  insulation 
and  the  initial  temperature  rise  for  constant 

*  This  is  the  temperature  drop  in  degrees  centigrade  when 
there  is  a  flow  of  one  watt  per  sq.  in.  through  a  one-inch  thickness 
of  insulation. 


(ondilions.  One  effecl  of  extra  strand  insula- 
tion is  to  increase  the  rise  flue  to  the  added 
thermal  drop,  while  another  efTect  is  to 
decrease  the  rise  due  to  the  fact  that  the  coil 
surface  loss  i.s  decreased  (when  the  insulation 
between  strands  is  considered  as  an  effective 


Fig.  3.  Lightly  Insulated  Coil,  on  left,  and  Heavily  Insulated 
Coil,  on  right,  used  in  determining  the  effect  of  coil  insula- 
tion on  cooling  after  shut-down.  The  cooling  curves  are 
given  in  Figs.  8  and  9 

radiating  surface).  It  is  interesting  to  note 
that  under  certain  conditions  it  is  possible 
to  decrease  the  temperature  rise  by  the 
addition  of  strand  insulation.  Such  is  not 
usually  the  case,  for  transformers,  however, 
except  possibly  for  a  few  turns  on  the  line 
end  of  the  high-voltage  windings. 

The  thermal  resistance  or  temperature 
drop  through  fibrous  insulation  varies  greatly, 
depending  to  some  extent  upon  the  tem- 
perature and  kind  of  material  but  mostly 
upon  its  compactness.  For  solid  fibrous 
instilation  (i.  e..  when  free  from  air  or  oil 
films  between  layers)  the  thermal  resistance 
generally  ranges  from  about  200  to  300  deg. 
C.  per  watt,  per  cubic  inch.*  For  loosely 
wound  lavers.  however,  the  thermal  resistance 
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may  be  as  high  as  500  deg.  C.  per  watt  per  cubic 
inch.  Fig.  4  shows  that  the  temperature 
drop  through  six  layers  of  0.012-in.  varnished 
cambric  ranges  from  246  to  274  deg.  C.  per 
watt  per  cu.  in.,  the  variation  apparently 
being   due  to   different   temperatures.      This 
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temperature  drop  was  obtained  by  drawing  ■ 
a  straight  line  through  two  internal  tem- 
perature points  obtained  by  imbedded  thermo- 
couples. A  thermal  resistance  of  300  deg.  C. 
per  watt  cu.  in.  should  therefore  be  about 
right  for  the  average  strand  insulation. 

The  variation  of  temperature  rise  for 
various  watts  per  sq.  in.  for  a  given  coil  witli 
bare  conductors  is  shown  in  Fig.  5.  This 
shows  that  the  temperature  rise  varies  as 
the  0,7  power  of  the  loss. 

Fig.  6  shows  a  temperature  rise  curve 
made  on  a  horizontal  coil  having  a  strand 
insulation  consisting  of  0.021-in.  cotton  (two- 
side  thickness)  and  0.010-in.  horn  fiber  (on 
one  fiat  side  of  strand)  enclosed  in  0.012-in. 
varnished  cambric.  The  temperature  rise 
again  varies  as  the  0.7  power  of  the  loss. 

Other  tests  conducted  on  tall  vertical  coils 
indicate  that  the  temperature  rise  over  the 
average  oil  varies  fairly  closely  as  the  0.7 
power  of  the  loss.  This  law,  however,  should 
not    be    considered    to    apply    to    the    tem- 


perature rise  over  top  oil  of  a  stack  of  either 
horizontal  or  vertical  coils. 

If  we  let  Ws  represent  the  watts  per  sq.  in. 
coil  surface,  the  following  equation  results: 

where  K  is  a  constant  for  any  given  coil. 

At  25  deg.  C.  the  watts  per  sq.  in.  of  a  coil 
with  rectangular  or  square  conductor  is 


Ws  =  3A7  C'-dn 


\sll) 


10- 


(4) 


in  which 

Ws  =  Rr~  watts  per  sq.  in.  on  two  sides 

of  the  coil  surface. 
C  =  current    density    in    amperes    per 

sq.  in. 
d  =  depth  of  bare  conductor  in  inches 

in  direction  of  heat  flow. 
«  =  number  of  conductors  in  direction 

of  heat  flow. 
/;  =  thickness  of  copper  strand  at  right 

angles  to  direction  of  heat  flow. 
5  =  thickness  of  insulation  between  cop- 
per strands  which  is  included  as  a 

radiating  surface. 

Also  at  25  deg.  C.  the  PR  watts  per  lb.  \Vc 
of  copper  is 

Wc  =  2.lQC-\0--  (5) 

Having  estabhshed  the  foregoing  we  can 
now  calctilate  the  effect  of  strand  insulation 
on  the  cooling  after  shut-down. 

The  equation  of  the  line  in  Fig.  5  for  a  coil 
with  bare  strands  is 

C  =  1.95(10ir.)0'  (6) 

If  we  insulate  the  strands  the  initial  rise 
becomes 

C=1.95(10n'.)0'-hpiTr.  (7) 

in  which 

5o"  =  initial  temperature  rise  in  deg.   C. 
for  any  given  value  of  Ws- 
p  =  300  =  thermial   resistance   of  insula- 
tion in  degrees  per  watt  per  cu.  in. 
■2  =  one  side  thickness  of  strand  insula- 
tion in  inches. 

The  cooling  after  shut-down  is 

a  Wet 


'  =  0o"Vl-< 


•"      )  (8) 

According  to  formula  (8)  and  for  2800 
amperes  per  sq.  in.  (H"c  =  20.2  at  75  deg.  C.) 
the  cooling  for  0.020,  0.050  and  O.OSO-in. 
strand  insulation,  added  to  the  coil  (Fig.  5) 
is  as  shown  in  Table  III. 
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Tlic  CDolinjj  is  .so  lU'arly  llit'  same  (fsiiccialh' 
for  the  (irsl  Ivvt)  ctuKiilioiis)  lliat  for  practical 
purposes  the  strand  insulation  and  initial  tem- 
perature rise  coulil  he  nejjlected.  The  last  coil 
has  a  lower  space  factor  than  is  usually  found 
in  i^ractice  e.xcept  for  coils  wiih  several  turns 
per  layer. 

There  is  also  another  style  of  coil  which 
is  not  covered  by  the  forej^oing  and  that  is  a 
thick  coil  consisting  of  several  turns  jjer 
layer.  This  has  the  effect  of  causing  a  greater 
initial  temperature  rise  for  a  given  current 
density   than  for  a  single  layer  coil.      The 

factor-,—; — ,  however,  is  usuallv  considerablv 
A+a 

reduced  (due  to  extra  layer  insulation)  which 
partially  compensates  for  the  increased  cool- 
ing after  shut-down  due  to  the  effect  of  the 
high  initial  temperature  rise.     For  instance, 
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Watts  PerSauare  Inch  Coil  Surface 
(Divide  by  IC> 
Fig.  5.     Curve  of  Temperature  Rise  of  Oil-iminersed  Windings 

Coil  in  horizontal  position  with  under  side  and  edges  blanketed 
to  prevent  escape  of  heat.  Surface  of  coil  bare  except 
0.010  in.  Horn  £bre  between  conductors. 


the    windings    of    distribution    transformers 
generally    come    under    this    class,    and    the 

factor 


A+a 


is    approximately    0.3    whereas 


sides  it  is  usually  around  0.4  or  0.4.j.  As  a 
rule  the  thick  coil  will,  for  a  given  current 
density,  cool  ofT  a  little  faster  than  a  single 
layer  coil,  which  is  just  the  reverse  of  what 
is  usually  expected  without  giving  due  con- 
sideration to  the  effect  of  the  higher  initial 
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temperature  rise.  A  comparison  is  later 
shown  between  the  tested  and  calculated 
(by  copper  loss  formula)  cooling  of  10,  25, 
and  50-kv-a.  distribution  transformers. 

Derivation   of  Partially   Theoretical   and   Partially 
Empirical  (Copper  Loss)  Formula 

Reference  has  been  made  to  the  cur\'e  in 
Fig.  6  which  shows  the  temperattire  rise,  for 
constant  conditions,  of  the  coil  over  oil  -vs.  coil 
surface  loss  in  watts  per  sq.  in. 

The  equation  of  this  line  is 

C  =  5.2(10n'.)O"  (9) 

Combining  equations  (4),  (.5"),  and  (9)  we 
have 

C  =  7.27(ir../.^J 

which  combined  with  (3)  gives 
air.i 

0.676  A  -f  o"\ 


(10) 


for  a  single  layer  coil  exposed  to  oil  on  both 


■(. 


(11) 


A+a 

IF, 

at 

2S  deg.  C. 

9..' 

COOLING  IN 

DEGREES  CENTIGRADE  FOR 

Inches 

1                         2 

3             '            4 

5  Min. 

0.020 
0.050 
0.080 

1 

0.438 
0.364 
0.305 

0.81 
0.65 
0.54 

10.8  deg. 
12.1  deg. 
12.8  deg. 

4.6 
4.1 
3.6 

7.2 
6.8 
6.1 

8.8        j        9.6 
8.6               9.8 
8.0               9.3 

10.2 
10.6 
10.3 
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mates  very  closely  the  curves  shown 
in  Fig.  7.  The  correction  in  degrees 
C.  is  the  product  of  the  watts  loss 
per  pound  of  copper  for  each  winding 
multiplied  by  a  factor  depending 
upon  the  time  elapsed  between  shut 
down  and  the  time  of  the  tempera- 
ture reading  as  given  in  the  follow- 
ing table: 


Fig.  7.   Cooling  Cu 


20         Z4 
Wi-  =  Watts  Per  Pound  of  Copper 

,  Calculated  by  Formula  (12),  for  Oil-immersed  Windings 


Timt 

in  Minutes 

Factor 

1 

0.19 

2 

0.32 

3 

0.43 

4 

0.50 

Putting  the  values  of  dimension  of  con- 
ductor as  defined  in  formulas  (3)  and  (4)  and 
in  Fig.  6  of 

d  =  0.3 

w=l 

/i  =  0.055 

^  =  0.055 

a  =  0.0165 
.4=0.038 
in  (10)  and  (11). 

e=i.95ir,Ki-*"°-'°"''''")      (12) 

in  which 

«  =  time  in  minutes  after  shut-down. 
Q  =  cooling  after  shut-down  in  deg.  C. 
11'^  =  watts  per  lb.  of  copper. 
Equation  (12)  is  shown  in  curve  form  in  Fig. 7. 
When  the  copper  loss  does  not  exceed  30 
watts  per  pound  the  following  rule  approxi- 


For  intermediate  values  of  time  the  value  of 
the  factor  can  be  obtained  by  interpolation. 

Figs.  S  and  9  show  a  comparison  between 
the  tested  and  calculated  (by  formula  12) 
values  for  9.8  and  22.5  watts  per  lb.  of  copper 
of  the  lightly  and  heavily  insulated  coils 
shown  in  Fig.  3.  It  will  be  noted  that  the 
cooling  as  calculated  by  the  partially  theo- 
retical and  partially  empirical  formula  checks 
more  closely  the  observed  values  than  the 
cooling  as  calculated  by  the  theoretical 
formula  (3),  and  shown  in  Table  II. 

Figs.  1 1  and  12  show  a  comparison  between 
the  observed  and  calculated  (b}-  formula  12) 
cooling  of  a  stack  of  horizontal  disk  and  ver- 
tical rectangular  shell-type  coils  (Fig.  10) 
which  were  tested  under  the  best  conditions 
possible  for  obtaining  quick  readings.  The 
coils  were  assembled  without  their  cores  to 
eliminate  the  effect  of  inductance  previously 


^-^ 

^ 

M  M  1 1 1  i  1 1  r  1 

~~ 



~ 

~ 

— 

~. 

^ 

^ 

"Tffil 

CoL,.\  1 

1    1 

1  1  rT4=. 

; 

1 

^i£dt,ur;.^    : ,'  AJ   1 

Z  5  Watts  per  Pound 

*^ 

■* 

r— 

^ 

^ 

s 

' 

■» 

' 

■fUJ  L 

Cakulr,fJ^^ 

\ 

1  TTt4b 

^J^'atedb^rorn 

i 

2.3  Watts  per  Pound  TTT 

t^<Z 

"  n 

-n 

^'1   I 

1    1    1    1    1    1    1    1    1    1    1    1    1    1 

__ 

1  11   1  1  1   1   1  1   1  1   1  1  1 

\    \ 

Minutes  /Jfter  Shutdown 
.  8.   Cooling  Curves  of  the  Oil-immersed  Windings  shown 
Fig.  3.      (Average  oil  approxiVnately  55  deg.  C.) 


~ 

~ 

"T 

'  1  1  1  1  1  1  1    1 

' 

»*, 

1 

'  1    1  1  1  1  1    1 

\2_ 

> 

Heovflq  InsulatedCoil 

2^'^:^ 

■>t 

~i  1  .L  ■ 

^^ 

'^t 

o'A 

1> 

-, 

'St- 

■ 

'^^oi/^J 

^ 

M 

~^ 

~ 

^ 

UL. 

- 

- 

•aswatts  per  Pound 

""*" 

n 

^ 

^ 

LiqhtlQ  Insulated  Coil 

— 

.  1  1   :  M  M  1 

-ij.      WWatts  per  Pound  \    | 

7."*r:t4-4-   1 

il 

-'e-o^ 

V/7^- 

L-ti- 

£S 

1  1  ;  1 

^J 

Minutes  Afte-rShutdor^n 
Cooling  Curves  of  the  Oil-immersed  Windings  shown  i 
Fig.  3-      (Average  oil  approximately  50  deg.  C.) 


cool. IXC,  oi'    rkA.\si'ok.Mi;k  wixdincs  .\i"I'i:k  sin'rnowN 


wty.i 


referred  tn.  'I'lic  ciuiTnl  was  held  mi  lllr 
coils  until  llir  ti'in|KTaUn\'  risr  n\  the  cuils 
over  llie  oil  luul  become  coiisUml  as  iiulicalcd 
by  thermo-couples.  By  s])ecial  switching  ar- 
ranjjements,  it  was  possible  to  obtain  a  reliable 
readiu}^  witliin  10  to  15  seconds  after  shut- 
down. 

Table  IV  K'ves  the  variation  in  decrees  C. 
(plus  or  minus)  that  the  cooling  calculated 
by  fornuda  (12)  dilTers  from  the  cooling;  found 
by  tests  on  disk,  cylindrical,  rectangular  and 
re,i.;;ulator  oil-immersed  windings. 

For  the  disk  and  cylindrical  windings  the 
plus  and  minus  errors  seem  to  be  about 
equally  di\ided  for  both  two  and  four  min- 
utes after  shut-down.  For  the  rectangular 
windings  the  plus  errors  i^redominatc  which 
means  that  the  tested  cooling  was  slightly 
greater  than  the  calculated.  The  same  is 
true  for  the  regulator  windings.  The  fact 
that  formula  (12)  checks  so  closely  the  tested 
cooling  of  regulator  windings,  which  are 
partially  embedded  in  iron  slots  similar  to 
motor  or  generator  coils,  indicates  that  it 
should  hold  close  enough  for  practical  pur- 
poses for  almost  any  type  of  oil-immersed 
windings. 


Top  View 


Side  View  Front  View 
Rectangular  Coils 

Fig.  10.     Sketch  of  Windings  Used  for  Determining  the  Coohng 
Curves  shown  in  Figs.  11  and  12 

This  method  of  correcting  back  to  shut- 
down has  been  in  commercial  use  by  the 
General  Electric  Comjjany  for  the  past  five 
years.  During  this  time  the  writer  has  had 
opportunity  to  check  it  up  with  cooling  curv-es 
obtained  on  all  types  of  oil-immersed  wind- 
ings and  has  never  found  that  the  calculated 
and  tested  cooling  differed  more  than  one 
or  two  degrees  centigrade  which  is  per- 
missible considering  the  fact  that  the  cooling 
of  water-cooled  transformers  often  amounts 
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Fig.  11.      Cooling  Curves  of  the  OU-immersed  Disk  Windings 
shown  in  Fig.  10 
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Minutes  After  Shutdown 


Fig.  12.     Cooling  Curves  of  the  Rectangular  Windings  shewn 
in  Fig.  10 
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to  ten  or  twelve  degrees  centigrade  in   four 
minutes. 

The  curves  in  Fig.  13,  showing  the  cooling 
of  10,  25,  and  50-kv-a.  distribution  trans- 
formers, are  interesting  because  they  show,  as 
previously  pointed  out,  that  where  the  insula- 
tion space  factor  is  low  (and  coils  are  thick) 
the  cooling  is,  for  a  given  current  density, 
somewhat  greater  than  for  a  coil  with  a  low 
insulation  space  factor.  Due  to  the  fact, 
however,  that  the  current  density  is  always 
low  for  this  type  of  coil  the  error  in  degrees 
even  for  four  minutes  time  is  never  large. 
Furthermore,  for  this  class  of  transformers 
(distribution)  it  seems  more  satisfactory  to 
use  an  arbitrary  rate  of  about  one  degree  per 
minute  for  correcting  back  55  deg.  C.  rise 
transformers.  These  curves  show  a  rate  of 
slightly  less  than  one  degree  per  minute  for 
50  deg.   C.   rise  transformers.      For  55   deg. 


transformers   the  rate   of   cooling   would   be 
approximately  one  degree  per  minute. 

Cooling  of  Air-blast  Transformers  After  Shut-down 

Formula  (12),  as  would  be  expected,  does 
not  hold  for  air-blast  transformer  coils.  Fig. 
14  shows  the  cooling  of  some  coils  of  this 
type.  These  curves  show  that  the  cooling 
after  shut-down  is  small  and  is  at  the  rate 
of  approximately  one  half  degree  centigrade 
per  minute  for  thirty-five  degree  rise  trans- 
formers. There  is  no  reason,  therefore,  why 
an  arbitrary  correction  of  one  degree  centi- 
grade per  minute  for  fifty-five  and  sixty  de- 
gree rise  transformers  could  not  be  used  with- 
out encountering  serious  errors. 

Conclusions 

(1)  The  cooling  curve  method  of  correct- 
ing back  to  the  instant  of  shut-down  is  the 


TABLE  IV 

COMPARISON   OF    COOLING   BY   TEST   OF   OIL   IMMERSED   WINDINGS   WITH 
COOLING   CALCULATED  BY  FORMULA   (12) 


DEGREES  CENTIGR.4DE 

Variation  of  Test  from 

Self-  or 

Kv-a. 

Style  of 
Winding 

Calculated  Cooling 

Water-cooled 

2  Minutes  After 

4  Minutes  After 

Shut-down 

Shut-down 

Plus 

Minus 

Plus 

Minus 

Self 

200 

Cylinder 

0.5 

0.8 

Self 

400 

Disk 

0.5 

0.7 

Self 

1000 

Cylinder 

0 

0 

0 

0 

Self 

750 

Disk 

0.5 

0.8 

Water 

3000 

Disk 

0 

0.2 

Water 

2500 

Cylinder 

0.5 

0.9 

Self 

200 

Cylinder 

0.8 

1.1 

Self 

433 

Disk 

0.5 

0.4 

Self 

400 

Disk 

0.7 

1          0.8 

Self 

135 

Cylinder 

0.1        ; 

0.1 

Self 

750 

Disk 

0        ;      0 

0 

0 

Water 

450 

Disk 

0.5 

0.4 

Water 

2000 

Disk 

0.0 

0.9 

Self 

300 

Cylinder 

0.2 

0.6 

Self 

300 

Disk 

0.4 

1.0 

Water 

1000 

Disk 

0.7 

0.8 

Water 

900 

Cylinder 

0.2 

0.8 

Water 

750 

Disk 

0.6 

0.7 

Water 

750 

Disk 

0.2 

0 

Self 

10000 

Cylinder 

0.3 

0.6 

Self 

750 

Cylinder 

0.5 

0.1 

Water 

5500 

Rectangular 

0 

0 

0.5 

Water 

5500 

Rectangular 

0.2 

0.3 

Water 

6000 

Rectangular 

0              '          0 

0.5 

Water 

6000 

Rectangular 

0.3 

0.5 

Self 

46 

Regulator 

0.5 

0.8 

Self 

62.5 

Regulator 

0.1 

0.2 

Self 

8.6 

Regulator 

0.3 

0.7 

SeH 

17.25 

Regulator 

0.3 

0.4 

Self 

62.5 

Regulator 

0                        0 

0.7 

Self 

8.6 

Regulator 

0.2 

0.9 

Self 

46 

Regulator 

0.4 

! 

0.7 
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most  lu'i'uraU'  wlu'u  usoil  with  lal)C)raU)ry 
I'jiro  bill  is  not  jirac-liral  coinincrcially  herause 
it  is  labiirious  and  exiiciisivo. 

(2)  A  fixod  or  an  arbitrary  rate  of  cor- 
roclion  is  not  desirable  for  all  tyi)es  of  oil- 
iinniersed  windings,  because  of  serious  errors. 
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oling  Curves  of  2200-volt.  50-deg.  Rise  Distribution 
Transformer  Windings 


(12)  is  simple  in  application  and  can  be  used 
with  results  accurate  enough  for  i)ractical 
puri)oses  for  all  tyjies  of  oil-immersed  trans- 
former windings.  However,  for  distribution 
transformers  of  100  kv-a.  and  less,  where  the 
copper    density    is    fairly    uniform    for    the 
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Fig.  14.     Cooling  Curves    of   Air-blast    Transformer  Windings. 
(Air  shut  off  with  load! 


(3)  A  purely  theoretical  correction  is  not 
possible  on  account  of  the  difficulty  in  deter- 
mining the  proper  base  or  ambient  tem- 
perature of  oil-immersed  coils.  Further- 
more, if  the  base  temperature  could  easily 
be  determined,  the  method  would  not  be 
simple  enough  for  practical  use. 

(4)  Curves  (Fig.  7)  based  on  a  partially 
theoretical  and  partially  empirical  formula 


different  sizes,  an  arbitrary  rate  of  one  degree 
centigrade  per  minute,  providing  the  time 
does  not  exceed  three  minutes,  can  be  used. 
(5)  For  air-blast  transformers  an  arbi- 
trary rate  of  one  degree  per  minute,  pro- 
viding the  time  does  not  exceed  four  minutes, 
can  be  used  for  correcting  the  temperature 
(by  change  in  resistance)  back  to  shut- 
down. 
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Edison  and  the  Incandescent  Lamp 

AN  ADDRESS  TO  GENERAL  ELECTRIC  EMPLOYEES  ON 
EDISON  DAY 

By  Chas.  L.  Clarke 

To  commemorate  the  invention  of  the  first  successful  incandescent  electric  lamp  by  the  greatest  inventor 
of  all  the  ages,  the  anniversary  date,  October  21,  has  been  set  apart  as  "  Edison  Day."  At  the  Schenectady  Plant 
of  the  General  Electric  Company,  this  year's  recurrence  of  the  day  was  celebrated  by  a  parade,  musical  concert, 
and  address.  Mr.  Chas.  L.  Clarke  was  well  selected  as  the  speaker,  for  he  was  intimately  associated  with  Mr. 
Edison  in  his  early  work.  The  address  described  how  Mr.  Edison's  futuristic  ideas  of  electric  lighting  were  in 
the  early  days  commonly  held  to  be  preposterous,  and  how  by  his  persistent  efforts  these  same  predictions  have 
been  fulfilled  many  fold.  This  foresight  and  productive  ability,  combined  with  other  of  his  characteristics  also 
described,  increase  our  admiration  for  this  great  inventive  benefactor  of  mankind. — Editor. 


We  are  here  to  commemorate  the  invention , 
40  years  ago  today,  at  Menlo  Park,  New  Jer- 
sey, of  the  first  practical  electric  lamp  of  such 
moderate  illuminating  power  as  to  take  the 
place  of  the  ordinary  gas  burner  for  lighting 
our  homes  and  similar  uses. 

That  invention,  represented  in  the  incan- 
descent electric  lamp,  was  made  by  Thomas 
Alva  Edison,  whom  a  grateful  world  holds  in 
high  honor  for  thus  giving  to  it  one  of  the 
greatest  boons,  for  its  comfort  and  other  civi- 
lizing influences,  ever  conferred  by  the  brain 
and  hands  of  one  man. 

Although  this  is  not  the  onl}^  invention 
made  by  him  to  the  world's  benefit,  for  he  has 
given  to  it  improvements  in  printing  and 
duplex  telegraphy,  the  quadruplex  telegraph, 
the  carbon  telephone  transmitter  by  which 
the  range  of  speech  was  at  once  immensely 
increased,  the  phonograph,  the  fundamental 
inventions  absolutely  necessary  to  a  large  and 
universal  electric  light  and  power  system,  his  ■ 
storage  battery  and  motion  picture  ap- 
paratus, and  many  other  inventions  repre- 
sented by  considerably  more  than  1000 
patents  in  the  United  States  alone;  neverthe- 
less, it  is  appropriate  on  this  occasion  that 
attention  be  confined  substantially  to  his 
lamp  and  matters  most  closely  related  thereto. 

Beginning  of  Incandescent  Lamp 

Sir  Humphrey  Davy  produced  the  electric 
arc  early  in  the  last  century,  but  this  discovery 
remained  for  years  commercially  unutilized 
because  of  the  prohibitive  cost  of  current  from 
a  chemical  battery,  which  was  the  only  known 
available  source  of  electricity  for  this  purpose. 

Faraday,  in  1831,  led  to  its  use  by  the  dis- 
covery of  magneto-electric  induction  and  de- 
vised an  electric  machine  which  was  the  fore- 
runner of  the  electric  generators  of  today. 
But  it  was  not  until  after  1870  that  the  electric 
arc  lamp  and  the  generator  were  sufficiently 
developed  to  be  in  commercial  use  for  arc  light- 
ing on  a  scale  worthy  of  much  consideration. 


Many  efforts  were  also  made  to  produce  an 
economical  arc  lamp  of  small  illuminating 
power  suitable  for  home  use,  until  it  was 
finally  and  correctly  pronounced  impossible. 
Effort  was  also  made  to  produce  incandescent 
lamps,  all  of  which  were  complete  failures. 

A  Target  of  Ridicule 

When  it  became  known,  in  1878,  that 
Edison,  already  an  inventor  of  fame,  had  un- 
dertaken to  solve  the  problem,  the  so-called 
"sub-division  of  the  electric  light,"  he  at  once 
became  the  target  of  ridicule  from  many 
scientists,  his  business  honesty  was  questioned 
from  some  quarters  in  the  press,  on  the  ground 
that  it  was  a  stock-jobbing  scheme,  and 
jealous  gas  journals  added  their  hilarious  share 
to  the  fun  and  derision  poked  at  him  from 
many  quarters. 

Well,  he  didn't  succeed  right  away;  on  the 
contrary,  he  devised,  human-like,  some  pretty 
poor  lamps,  but  was  learning  a  great  deal  about 
how  the  thing  could  not  be  done,  thereby 
concentrating  his  efforts  nearer  to  the  ob- 
jective point.  The  situation  for  a  time  was 
similar  to  that  relating  to  another  undertaking 
in  which  Edison  was  concerned,  which  led  a 
friend  to  inquire:  "  Isn't  it  a  shame  that  with 
the  tremendous  amount  of  work  you  have 
done  you  haven't  been  able  to  get  any  re- 
sults?" "Results!  Why,  man,  I  have 
gotten  a  lot  of  results,  I  know  several  thou- 
sand things  that  won't  work." 

Edison's  Efforts  Rewarded 

And  all  the  time  the  scrap  heap  grew — no- 
body can  pile  one  up  faster  or  easier  than 
Edison.  At  last  his  efforts  were  rewarded. 
On  Tuesday,  October  21,  1879,  he  had  the 
audacity  to  carbonize  a  slender  cotton  thread 
and  try  it  as  an  incandescent  burner  in  an 
exhausted  globe!  The  seemingly  frail  thing 
endured  far  beyond  all  expectation ;  besides  it 
had  the  small  surface  necessary  for  a  small 
light,  and  the  long,  slender  filamentary   body 
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of  high  resisting  carbon  required  for  con- 
ductors of  economic  size.  The  lamp  long 
Sought,  and  in  general  considered  impossible, 
was  finally  invented. 

Edison  has  often  been  called  a  genius,  and 
not  altogether  liking  the  misleading  term,  has 
said  that  to  him  genius  consists  of  two  per 
cent  inspiration  and  US  jtercent  perspiration — 
that  is,  hard  work.  While,  no  doubt,  there 
was  at  least  its  per  cent  of  good  hard  work  in 
inventing  the  lamp,  does  it  seem  possible  that 
he  would  ha\e  thought  of  trying  that  slender 


In  the  summer  of  bS.SI,  the  <jut|mt  had 
grown  to  1000  lam])S  per  day,  whereupon 
lidison  predicted  that  in  15  years  the  dailv 
Ijroduct  would  become  -10,000  or  1 2,0(J(J,00ij 
lamps  a  year,  a  guess  which  time  proved  to 
have  been  way  under  the  mark. 

Naturally,  the  incandescent  lamp  has  been 
greatly  imjjroved  in  economy,  by  Edison  and 
through  the  later  inventions  of  others.  The 
early  bamboo  filament  lamps  required  about 
six  watts  per  horizontal  candle-power,  at  which 
time  Edison  said;     "Just  wait  a  little  while. 


carbonized  thread  had  not  a  little  bit  of  that 
two  per  cent  of  inspiration  come  into  his  head  ? 

Improvements  in  Lamp  Rapid 

Now  that  the  lamp  was  invented,  he  pushed 
its  improvement  and  commercial  introduction 
with  his  peculiar  energy.  Lamps  with  burners 
of  carbonized  bristol  board  were  in  commercial 
use  by  May,  1880,  but  bamboo  was  quickly 
substituted  for  the  paper,  as  material  for  the 
burner  with  great  improvement  in  durability 
and  economv. 


and  we  will  make  electric  light  so  cheap  that 
only  the  wealth}-  can  afford  to  bum  candles," 
which  has  in  fact  practically  become  true. 
The  average  current  required  was  later  re- 
duced to  3.8  watts,  followed  by  the  so-called 
squirted  filament,  in  general  use  in  1892,  re- 
quiring 3.1  watts,  the  Gem  lamp,  in  1906, 
with  a  filament  carbonized  by  an  improved 
process,  which  requires  only  2.56  watts,  the 
Mazda  lamp,  in  1911,  made  possible  by  the 
invention  of  die-drawn  tungsten  wire  for  the 
filament,  which  has  brought  the  energy-  re- 
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quired  down  to  1.03  watts,  and  lastly  the 
Mazda  C  lamp,  with  the  tungsten  filament 
in  a  bulb  filled  with  inert  gas,  which  has  still 
further  reduced  the  energy  on  the  average  to 
about  0.8  watt  per  horizontal  candle. 

Production  Beyond  Comprehension 

The  number  of  incandescent  lamps  an- 
nually made  in  the  United  States  alone  has 
become  enormous,  and  almost  beyond  com- 
prehension. The  output  of  Mazda  lamps  is 
about  170  millions  of  all  sizes  from  10  to 
1000  watts,  of  which  nearly  13  per  cent  are 
of  the  Mazda  C  type,  and  in  1918,  20  millions 
of  squirted  and  Gem  carbon  filament  lamps 
were  made.  A  grand  total  of  about  240  mil- 
lions of  incandescent  lamps  of  all  kinds  and 
sizes  from  the  little  miniature  lamp  to  the 
largest  Mazda  C  are  now  produced  yearly  in 
this  country. 

Edison  a  Smoker,  but  Abstemious  Liver 

Edison  is  a  very  hiunan  man,  just  about  like 
the  rest  of  us  in  general,  but  with  some 
characteristics  not  altogether  common.  He 
uses  tobacco  both  ways,  and  rather  likes  the 
second  way  the  better,  believing  it  affects  the 
nerves  less.  But  he  can,  nevertheless,  smoke 
cigars  filled  with  rags  and  hair  without  incon- 
venience, when  busy  on  a  problem,  as  proved 
by  his  smoking  up  a  box  full  of  that  kind  made 
specially  for  him  to  surprise  someone  else  help- 
ing himself  to  another  man's  goods. 

He  believes  in  abstemious  but  generous  diet 
in  the  sense  of  having  a  variety,  but  is  careful 
in  its  selection,  practically  resisting  meat  as 
bad  for  the  health  and  has  always  absolutely 
cut  out  alcoholic  drink,  also,  by  the  way, 
what  he  calls  "too  much  sleep." 

Inventor,  Not  Scientist 

He  has  never  claimed  to  be  a  scientist,  and 
prefers  to  be  known  as  an  inventor,  seeking  to 
devise  things  useful  to  man  and  of  commercial 
value.  He  once  said  in  substance  that  he 
could  not  spend  his  life  in  the  scientific  in- 
vestigation of  the  fuzz  on  a  bee  but  must  be 
producing  something  of  utility. 

And  on  another  occasion,  when  an  assistant 
insisted  that  an  unusually  expensive  piece 
of  apparatus  was  necessary  for  a  certain  in- 
vestigation, he  remarked  that  no  man  could 
be  a  real  inventor  unless  he  could  do  every- 
thing with  a  jack  knife  and  bean  pot. 

Honesty  of  Character 

He  is  a  man  of  tremendously  hopeful  tem- 
perament combined  with  honesty  of  character. 
Like  most  men  who  courageously  attempt  new 
things  and  take  the  lead,  he  has  sometimes 


failed  to  succeed  and  money  has  been  lost, 
but  he  has  never  hid  behind  his  strictly  legal 
rights  to  avoid  payment  of  what  he  considered 
his  justly  moral  debts.  As  an  illustration  to 
the  point:  An  enterprise,  which  was  pro- 
moted on  certain  of  his  inventions,  failed  be- 
cause of  the  discovery  of  iron  ores  with  which 
he  could  not  compete,  and  the  company 
stopped  business  with  a  loss  of  some  millions 
of  dollars  put  in  and  several  hundred  thousand 
dollars  of  debt.  Edison  paid  off  that  debt 
personally,  saying  that  no  company  in  which 
he  was  actively  concerned  had  ever  failed  to 
pay  its  debts,  and  this  one  must  be  no  ex- 
ception. This  failure  entailed  on  him  at  50 
years  of  age,  a  staggering  personal  loss,  and 
yet,  when  things  looked  bluest,  he  brightly 
exclaimed:  "Well,  it's  all  gone,  but  we  had  a 
hell  of  a  good  time  spending  it,"  and  then 
cheerfully  went  to  work  to  pay  off  that  debt. 
He  always  has  the  courage  of  his  con- 
victions, and  no  one  can  bawl  him  out  if  he  is 
convinced  that  he  is  in  the  right.  He  is  ever 
ready  to  be  convinced  for  good  reason  by  the 
other  fellow,  but  does  not  take  kindly  to  the 
bawling  process. 

Moderately  Rich 

Edison  is  justly  a  moderately  rich  man  but 
in  comparison  with  the  wealth  which  he  has 
added  to  this  world's  goods,  he  has  been  one  of 
the  poorest  paid  men  in  money. 

It  is  questionable  whether  any  of  us  here, 
if  remunerated  according  to  the  value  of  our 
work  on  the  same  scale  as  Edison  has  been 
paid,  would  have  enough  money  to  buy  one 
square  meal  or  a  pair  of  cotton  socks. 

But  a  greater  reward  than  money  can  meas- 
ure is  his — the  gratitude,  the  honor  and  re- 
spect of  everyone.  He  will  go  out  of  the  world 
one  of  its  greatest  creditors,  for  which  a 
respecting  memory  of  him  and  his  work  will 
live  through  centuries  to  come. 

In  practically  all  electrical  industry,  the 
sound  of  every  groaning  machine,  the  hum 
of  every  wheel,  the  ring  of  every  hammer,  the 
rasp  of  the  file,  the  roar  of  the  furnace  flame, 
are  in  large  measure  but  the  amplified  echoes 
of  the  work  that  went  on  years  ago  in  Edison's 
laboratory  under  his  impelling  energy,  di- 
rected by  this  genius.  And  let  us  not  forget 
that  we,  not  Edison,  are  reaping  the  major 
return  from  his  labor. 

Let  us  hope  that  Edison  may  be  with  us, 
possessed  of  unabated  mentality  and  sound 
physical  vigor  of  which  there  is  certainly 
every  reasonable  promise  today,  to  join  in 
celebrating  the  50th  anniversary  of  the  birth 
of  the  incandescent  electric  lamp. 
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